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ORIGINAL  ARTICLES 


A  NEW  METHOD  FOR  THE  PRODUCTION  OF  GENERAL  ANALGESIA 

AND  ANESTHESIA  WITH  A  DESCRIPTION 

OF  THE  APPARATUS  USED^ 


By  D.  E.  Jackson,  M.D.,  Ph.D.,  St.  Louis,  Mo. 


IN  the  following  paragraphs  there  will  be  described  a  method  for  the  produc- 
tion and  maintenance  of  prolonged  general  analgesia  or  anccthesia  by  means 
of  nitrous  oxide,  ethyl  chloride,  ether,  chloroform,  ethyl  bromide,  "somnoform," 
etc.,  with  oxygen.  The  method  involves  a  continuous  process  of  rebreathing  of 
the  gaseous  or  volatilized  anaesthetics  from  which  the  exhaled  carbon  dioxide, 
etc.,  have  been  removed  and  to  which  oxygen  is  constantly  added  in  proportions 
suitable  to  maintain  the  patient  in  a  satisfactory  condition.  The  method  in- 
volves the  use  of  special  apparatus  which  is  so  arranged  as  to  give  the  anaes- 
thetist complete  control  of  every  phase  of  the  anaesthesia  at  all  times.  In  the 
apparatus  here  described  great  care  has  been  taken  to  provide  safety  devices. 
So  far  I  have  had  an  opportunity  to  try  this  method  only  on  animals,  but  there 
seems  to  be  good  reason  to  expect  that  in  man  results  entirely  comparable  to 
those  produced  in  animals  may  be  readily  obtainable.  It  is  chiefly  with  this 
object  in  view  that  I  have  carried  out  a  long  series  of  experiments  by  this 
method. 

A  number  of  the  basic  principles  upon  which  I  have  constructed  the  ap- 
paratus herein  described  have  long  been  known  to  science.  As  early  as  the  year 
1780  Antoine-Laurent  Lavoisier  had  isolated  carbon  dioxide  from  expired  air 
and  had  shown  that  in  respiration  oxygen  is  consumed,  thereby  starting  work 
which  within  the  next  century  was  to  lead  to  a  long  series  of  brilliant  investiga- 
tions along  the  lines  of  general  metabolism  and  of  analysis  of  respired  gases. 
Names  which  should  perhaps  here  be  mentioned  in  connection  with  this  sub- 
ject are,.  Magnus  (1837),  P.ischoFf  (1837).  Regnault  and  Ricset  (1849).  Voit 
(1861),  Pettenkofer  (1863),  Andrews  (1868).  Pfliiger  (1868).  Bert  (1878), 
Zuntz  (1880),  C.  Martin  (1888),  Geppert  and  Zuntz  (1888),  Luciani  and  Piut- 
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ti  (1888),  Atwater  and  Rosa  (1899),  Hewitt  (1900j,  Haldane  and  Pembrey 
(1900),  Atwater  and  Benedict  (1905).  Cushny  (1909),  Benedict  (1909,  1912), 
Roily  and  Rosiewicz  (1911),  Yandell  Henderson  (1910),  Gatch  (1911),  and 
Meltzer  and  Auer  (1909-11).  Regnault  and  Rieset  were  probably  the  first  to 
pass  a  current  of  oxygen  into  a  small  chamber  in  which  an  animal  was  con- 
fined for  the  purpose  of  analyzing  the  changes  produced  in  the  air  by  the  respira- 
tion of  the  animal.  They  used  a  strong  alkaline  hydroxide  solution  to  absorb 
tlie  carbon  dioxide  output  of  the  animal.  Oxygen  was  added  from  a  constant 
pressure  reservoir.  These  principles  have  been  used  by  practically  all  workers 
on  respiratory  metabolism  since  1849.  In  the  present  experiments  I  have  util- 
ized them  not  for  the  purpose  of  obtaining  data  regarding  the  metabolism  of 
the  animal  but  with  the  object  of  maintaining  conditions  suitable  for  the  nor- 
mal respiration  of  the  animal  while  at  the  same  time  there  are  added  to  the 
respiratory  medium  such  quantities  of  gaseous  or  volatile  ansesthetics  as  may 
be  necessary  to  produce  and  maintain  any  desired  and  attainable  degree  of  an- 
algesia or  anaesthesia,  depending  on  the  pharmacological  properties  of  the  sub- 
stance administered.  It  will  be  noted  at  once  that  only  very  small  quantities 
of  the  anaesthetic,  such  as  nitrous  oxide,  ethyl  chloride,  ether,  ethyl  bromide, 
etc.,  are  needed  to  produce  a  prolonged  efifect  on  the  animal.  And  the  depth 
of  the  anesthesia  becomes  simply  a  matter  of  the  degree  of  saturation  of  the 
animal  with  the  anaesthetic.  Since  the  anaesthetist  has  complete  control  of  the 
amount  of  anaesthetic  introduced  into  the  animal  it  is  obvious  that  when  the 
desired  degree  of  nervous  depression  has  been  reached  no  more  anaesthetic  need 
be  given.  The  method  by  which  these  results  are  attained  can  best  be  ex- 
plained by  reference  to  Fig.  1  which  is  a  diagrammatic  plan  of  the  apparatus  used. 

Descriptiox  of  Apparatus 

A  small  electric  motor  (1)  operates  an  air  pump  (2)  which  may  be  either 
of  the  rotary  form  (as  shown  here)  or,  perhaps,  better  of  the  piston  form.  By 
means  of  a  closed  system  of  pipes  and  vessels  air  may  be  kept  continually  cir- 
culating through  the  apparatus  without  either  loss  or  gain  of  air  except  at  the 
instance  of  the  operator.  Air  leaving  the  pump  at  pipe  (3)  passes  by  the 
\alve  (4)  unless  this  valve  be  open  in  which  case  part  or  all  of  the  air  will 
escape  into  the  room.  If  the  valve  (4)  be  closed  then  the  air  proceeds  through 
the  valve  (5)  past  the  air-cock  (6)  and  through  pipe  (7)  into  the  special  wash 
jar  (9).  This  jar  is  three  and  one-half  inches  in  diameter  and  twelve  inches 
high  and  has  an  air-tight  cover.  The  glass  tube  entering  the  jar  is  connected 
with  the  outer  metal  pipe  by  rubber  hose.  The  glass  tube  makes  an  S-shaped 
bend  a  little  distance  below  the  cover  and  then  passes  through  a  bell-shaped 
piece  of  glass  (8)  which  is  firmly  attached  to  the  glass  tube.  Below  the  glass 
bell  the  tube  again  passes  down  inside  a  glass  cylinder  about  two  inches  in  diam- 
eter and  six  inches  long.  This  cylinder  reaches  nearly  to  the  bottom  of  the 
jar  and  is  firmly  attached  to  the  glass  tube  by  four  glass  spokes,  two  above  and 
two  below,  each  pair  of  spokes  being  placed  in  the  same  straight  line,  but  on 
opposite  sides  of  the  glass  tube.  The  glass  tube  lacks  about  one  inch  of  reach- 
ing as  low  down  as  the  outer  glass  cylinder.  The  jar  is  filled  to  the  height  of 
three  or  four  inches  from  the  bottom  with  a  strong  aqueous  solution  of  sodium 
hydrate  and  calcium   hydrate.     The  purpose  of  this  solution   is   to  absorb   the 
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Fig.  1. — Schema  showing  the  general  plan  of  the  apparatus  together  with  head-piece,  breath- 
ing bag  and  muzzle,  as  arranged  for  use  with  animals.  The  arrows  indicate  the  direction  of  the  air 
current.  Xumber  35  represents  the  o.xygen  tank  and  36  the  nitrous  oxide  tank.  In  reality  the  ap- 
paratus   carries    two    tanks    each    of    oxygen    and    nitrous    oxide.      For    full    description    see   text. 


mm 


Fig.  2. — This  drawing  illustrates  on  an  enlarged  scale  the  wash  jars  shown  at  9  and  25  in 
Fig.  1.  For  use  the  jars  are  filled  with  Ihiid  to  the  lieight  of  3  or  4  inches.  For  full  description 
see    text. 


carbon  dioxide  produced  liv  tlic  animal.  Air  entering  through  the  glass  tube 
passes  out  of  the  lower  end  ot  the  tube  into  the  solution.  Since  there  is  a  strong 
current  of  air  circulating  there  is  a  great  deal  of  splashing  of  the  fluid.  lUit 
this  splashing  is  almost  wholly  confined  within  the  glass  cylinder.  This  up- 
ward splashing  is  entirely  caught  by  the  glass  bell  and  directed  back  down  into 
the  jar.  The  air  passes  up  into  the  bell,  thence  downward  underneath  the  lower 
edge  of  the  bell,  tiience  upward  into  the  upper  part  of  the  jar  and  out  through 
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the  tube  (10)  which  leads  past  an  air-cock  (llj  into  a  glass  chamber  (three- 
necked  Woulfif  bottle)  which  serves  as  a  safety  device  permitting  the  operator 
to  see  if  any  fluid,  etc.,  is  passing  from  the  machine  to  the  animal.  In  this 
reservoir  (12)  may  also  be  placed  water  to  moisten  the  air  breathed  (I  have 
not  found  this  to  be  necessary),  sodium  bicarbonate  solution  to  further  purify 
the  air  (I  have  not  found  this  to  be  necessary),  or,  carbon  dioxide  or  other 
drugs  or  gases  may  be  introduced  into  it  especially  for  experimental  purposes, 
or,  oil  of  bitter  orange  peel  may  be  placed  in  it  to  perfume  the  air  breathed  by 
the  patient.  From  this  reservoir  the  air  passes  through  the  pipe  (  13j  to  which 
is  connected  an  ordinary  red  antimony  rubber  hose  about  three  or  four  feet 
long  and  having  an  inside  diameter  of  three-eighths  of  an  inch.  This  hose  car- 
ries the  air  (and  anaesthetic)  to  the  face-  (or  head-)  piece.  Two  special  forms 
of  face-  (or  head-)  pieces  have  been  made,  one  for  dogs,  the  other  for  man. 
I  shall  confine  the  description  mainly  to  the  former  since  I  wish  to  deal  only 
with  animal  experiments  in  this  paper. 

In  the  animal  head-piece  a  tapering  brass  cylinder  about  two  inches  in 
diameter  at  the  top  is  closed  at  the  bottom  (14).  Fastened  to  the  bottom  is 
a  brass  rod  which  extends  downward  about  two  and  one-half  inches.  This  rod 
may  be  inserted  into  a  hole  in  the  operating  board  and  thus  serve  to  hold  the 
head-piece  upright.  Into  the  right-hand  side  of  the  cylinder  are  soldered  two 
brass  tubes  three-eighths  of  an  inch  in  diameter.  To  the  outer  ends  of  these 
are  attached  the  rubber  hoses  passing  to  and  from  the  machine.  The  brass 
tube  carrying  air  into  the  cylinder  turns  upward  at  a  right  angle  near  the  cen- 
ter of  the  cylinder  and  thus  carries  the  air  up  near  the  top  of  the  surrounding 
rubber  bag.  To  the  upper  end  of  this  tube  it  attached  (by  each  end)  a  long  coil 
of  steel  wire  which  forms  a  closed  loop  above  the  tube  and  serves  as  a  flexible 
support  for  the  rubber  bag  (16)  which  is  slipped  down  over  the  spring.  (The 
sides  of  the  spring  are  bent  in  close  together  for  removing  or  replacing  the 
bag.)  The  lower  end  of  the  rubber  bag  fits  snugly  around  the  upper  end  of  the 
brass  cylinder.  In  the  left  side  of  the  brass  cylinder  is  an  opening  into  which 
is  soldered  a  brass  tube  (20)  about  one  and  one-eighth  of  an  inch  in  diameter 
and  about  three-fourths  of  an  inch  long.  The  animal  breathes  back  and  forth 
through  this  tube.  A  large  perforated  cork  may  be  placed  in  this  tube  and  the 
side  tube  of  a  tracheal  cannula  slipped  through  the  hole  in  the  cork  if  one  cares 
to  open  the  trachea.  If  one  does  not  desire  to  kill  the  animal  then  the  metallic 
muzzle  (18)  as  shown  in  the  diagram  may  be  placed  over  the  animal's  nose  and 
mouth.  This  muzzle  is  a  brass  cylinder  tapering  toward  the  front  where  it 
ends  in  a  large  opening  into  which  a  flange  (19)  is  soldered.  This  flange  slips 
over  the  tube  (20)  on  the  head-piece,  the  joint  being  made  air-tight  by  a  broad 
rubber  band.  The  rear  end  of  the  muzzle  is  slanted  at  an  angle  as  shown  in 
the  diagram,  and  around  the  edges  on  the  outside  are  soldered  two  rings  of 
heavy  wire.  A  sheet  of  heavy  rubber  dam  is  tied  over  the  rear  end,  a  number 
18  wire  being  used  to  tie  the  rubber  down  in  between  the  two  heavy  wires 
soldered  to  the  rim  of  the  muzzle.  In  the  center  of  the  rubber  dam  a  round 
opening  about  one  and  one-eighth  inches  in  diameter  is  made.  This  slips  tightly 
over  the  animal's  nose  and  mouth.  The  muzzle  is  held  on  by  four  straps  which 
pass  to  a  collar  to  which  each  is  attached  by  buckles.  I  have  found  this  muz- 
zle   fairly   satisfactory.       The   objections    are   that   the   animal   cannot    open    its 
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mouth  well  to  breathe  and  saliva  is  liable  to  occasionally  accumulate  within  the 
niuzzle.  The  first  objection  is  liable  to  be  noticed  with  nitrous  oxide,  and  the 
latter  with  irritating  anaesthetics. 

Within  the   head-piece  and   rubber  bag   a   thorough   ventilation   of   the   air 
is  assured  by  having  the  incoming  air  pass  in  near  the  top  of  the  bag  while 


Fir..  3. 


Fig.  4. 


Fig.  3. — General  view  of  the  apparatus  showing  tlie  left  and  rear  sides.  The  muzzle,  head- 
piece and  breathing  bag  as  arranged  for  dogs  are  shown  hanging  from  a  hook  at  the  top  of  the  ap- 
paratus. Tlie  rublier  tubes  connecting  the  head-piece  to  the  appaiatus  are  three  or  four  feet  long, 
thus  enabling  the  anaesthetist  to  place  the  apparatus  at  a  considerable  distance  from  the  animal  when 
an    ansesthetic    is    being    given. 

Pig.  #. — C.eneral  view  of  the  apparatus  showing  the  front  and  left  sides.  The  position  of  the 
wash  jars  is  well   shown. 

the  outlet  is  at  the  bottom.  This  occurs  only  while  the  pump  is  running.  If 
the  pump  be  stopped  any  desired  amount  of  rehreathing  mav  be  secured.  Oxy- 
gen may  be  allowed  to  reach  the  bag  constantly  or  intermittently  as  preferred 
so  the  oxygen  supply  to  the  animal  is  entirely  independent  of  the  rebreathing  or 
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of  the  carbon  dioxide  content  of  the  bag.  (These  same  principles  apply  in  the 
face-piece  which  I  have  constructed  for  the  human  subject.)  From  the  head- 
niece  air  passes  out  through  the  rubber  hose  at  (17)  and  back  to  the  machnie 
with  which  it  is  connected  by  the  metal  pipe  (21).  These  two  pieces  of  rub- 
ber hose  are  clamped  side  by  side  by  small  flat  metal  clamps.     They  are  thus 


Fig     —-View    showing    the    upper    portion    of    the    apparatus.      The    breathing    bag    and    face-piece 
as   arrangerl    for   man   are    shown    hanging   from   a   hook    at    the   top    of   the   apparatus. 

kept  almost  entirely  out  of  the  way.  This  head-piece  may  also  be  used  for  m- 
tra-tracheal  insufflation.  The  tube  leading  to  the  head-piece  in  this  case  has  a 
Y-tube  inserted  in  its  course  near  the  brass  cylinder  of  the  head-piece.  From 
the  two  forks  of  the  Y-tube  short  rubber  tubes  carrying  screw  clamps  pass  to 
the  cylinder.     One  of  these  ttibes  connects  onto  the  inlet  tube  as  usual.      The 
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other  rubber  tube  is  connected  with  the  inside  of  the  cyHnder  by  means  of  a 
small  metal  or  glass  tube  passing  through  a  cork  inserted  in  an  opening  in  the 
brass  cylinder  (not  shown  in  the  diagram).  From  this  small  tube  inside  the 
cylinder  a  catheter  may  be  passed  out  through  the  flange  (20)  and  either  enter 
the  trachea  directly  or  pass  in  at  the  side  tube  of  a  tracheal  cannula.  The  cor- 
rect amount  of  pressure  for  the  intra-tracheal  tube  can  be  obtained  by  adjust- 
ing the  screw  clamps  on  the  short  rubber  tubes  coming  from  the  Y-tube.  (I 
believe  this  same  principle  may  very  well  be  used  in  man,  possibly  even  for 
nitrous  oxide  ansesthesia). 

Air  passing  from  the  animal  back  to  the  machine  enters  the  pipe  (21)   and 
soon  reaches  a  check  valve   (22)    which  is  intended  as  a  safety  device  to  pre- 
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Fig.  6. — This  is  a  photographic  reproduction  (in  two  sections)  of  the  blood  pressure  and 
respiratory  tracings  from  a  dog  under  nitrous  oxide  anaesthesia.  The  original  tracing  formed  a  single 
lecord  eighteen  feet  long  as  recorded  on  a  slowly  moving  drum.  The  total  length  of  duration  of 
the  ansestliesia  was  a  little  more  than  five  and  one-half  hours  and  the  animal  was  in  excellent  con- 
dition at  the  close  of  the  experiment.  The  time  is  marked  on  these  records  in  fifteen-minute  intervals. 
A  few  breaks  in  the  course  of  the  tracings  are  due  to  clots  in  the  arterial  cannula,  readjustment  of 
the   apparatus,    etc.      The   signal    magnet    (at    the   base   line)    shows    five-second   intervals. 

vent  any  reversal  of  the  air  current.  From  this  valve  the  air  passes  through 
the  pipe  (23)  to  a  second  wash  jar  (25)  exactly  like  the  hrst  but  containing 
concentrated  sulphuric  acid  which  removes  excess  moisture  from  the  air.  This 
acid  also  serves  the  further  purpose  of  being  a  good  sterilizer  of  the  air  leaving 
the  animal's  lungs.  And  the  faint  possibility  of  any  organic  poison  being  ex- 
haled by  the  animal  is  also  provided  against  by  the  acid.  Tn  addition,  by  plac- 
ing the  acid  here,  the  air  which  passes  on  to  the  pump  is  made  relatively  di-y 
and  this  serves  to  prevent  the  pump   from  rusting. 

From  the  wash  jar  (25)  the  air  passes  through  the  pipe  (26)  back  toward 
the  pump.  But  at  a  short  distance  from  the  pump  two  air-cocks  are  connected 
with  the  tube.  Through  the  first  of  these  cocks  (ZS)  such  volatile  substances 
as  ethyl  chloride  (kelenc),  ct]i}i  bromide,  somnoform,  etc.,  may  be  sprayed 
into  the  machine  through  a  short  [)iece  of  rul)l)er  tul)ing  carrying  a  clip  (27). 
Still  nearer  the  pump  is  another  air-cock  (30)  through  which  less  xolatile  sub- 
stances such  as  ether  or  chloroform  (or  ethyl  bromide)  may  be  injected  from 
a  burette   (31).     This  permits  of  very  accurate  dosage,  but   in   this  connection 
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one  must  remember  that  it  is  necessary  to  saturate  the  air  and  solutions  m 
the  machine  to  a  certain  definite  degree  in  order  to  secure  and  maintain  any  def- 
inite degree  of  anaesthesia  in  the  animal.  This  can  be  done,  however,  approxi- 
mately at  least,  by  injecting  some  ether,  etc.,  into  the  machine  and  running  the 


Fig.  7. — General  view  of  the  riglit-hand  side  of  the  apparatus.  The  face-piece  and  breathing 
bag  as  arranged  for  man  are  shown  at  the  top  of  the  apparatus.  Just  to  the  left  of  the  bag  is 
shown  a  twenty-five  cubic  centimetre  burette  (graduated  to  tenths  of  a  c.c.)  used  for  the  injection 
of   ether,   chloroform,    etc.,    into    the   air   system. 


pump  for  a  little  time  before  the  machine  is  connected  to  the  animal.     It  is  ad- 
visable to  do  this  also  with  nitrous  oxide. 

Still  nearer  to  the  pump  is  another  valve  (34)  which  is  placed  in  the  main 
air  circuit.  This  valve  corresponds  with  the  valve  (5)  which  is  also  placed  in 
the  main  air  circuit.  Valve  (33)  opens  to  the  outside  air.  If,  while  the  pump 
is  running,  valve  (4)  be  slightly  opened  a  little  air  will  be  forced  out  of  the 
system  into  the  room.     This  will  instantly  reduce  the  quantity  of  air  in  the  re- 
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spiratory  bag.  By  watching  the  bag  as  one  opens  the  valve  (4)  cautiously  the 
tension  of  the  air  in  the  bag  can  be  immediately  reduced  to  any  desired  degree. 
Conversely  by  slightly  opening  valve  (33)  any  desired  quantity  of  air  can  be 
drawn  into  the  system.  These  two  valves  give  the  operator  complete  control 
at  all  times  of  the  amount  of  air  in  the  machine  and  these  adjustments  can  be 
made  in  a  few  seconds.  Through  pipe  (32)  the  air  current  again  enters  the 
pump  and  passes  out  through  pipe  (3).  This  completes  the  circuit  of  the  air 
which  has  lost  some  of  its  oxygen  to  the  animal  but  has  gained  some  carbon 
dioxide  and  watery  vapor.  The  carbon  dioxide  in  the  next  few  rounds  will 
be  taken  up  by  the  soda-lime  while  the  watery  vapor  will  be  taken  up  bv  the 
sulphuric  acid.  The  oxygen,  however,  must  be  replaced  from  the  outside.  This 
is  accomplished  by  injecting  oxygen  from  an  ordinary  commercial  oxygen  tank 
(35)  into  the  air  circuit.  From  the  tank  a  tube  (37)  leads  to  a  wash  bottle 
(39)  containing  water  or  sodium  bicarbonate  solution  through  which  the  oxy- 
gen passes.  From  the  top  of  this  wash  bottle  a  tube  leads  to  the  air-cock  (6) 
through  which  the  oxygen  is  passed  into  the  air  system.  The  extent  of  dis- 
tension of  the  bag  and  the  symptoms  of  the  animal  serve  as  guides  for  the  ad- 
ministration of  oxygen. 

Xitrous  oxide  may  also  be  administered  in  the  same  manner  as  the  oxygen 
as  shown  in  the  diagram.  Carbon  dioxide  may  also  be  injected  into  the  system 
from  an  ordinary  commercial  tank  of  the  gas  by  way  of  the  air-cock  (11)  just 
in  front  of  the  reservoir  (12).     Xumber  36  represents  a  tank  of  X^O. 

Theoretical  Discussion 

It  is  obvious  at  a  glance  that  no  anaesthetic  can  be  used  in  this  machine 
which  will  undergo  decomposition  or  be  chemically  changed  by  contact  with 
concentrated  sulphuric  acid  or  sodium  or  calcium  hydrate  solution.  By  a 
peculiarly  fortunate  coincidence  sulphuric  acid  and  sodium  hydrate  solution  are 
the  two  most  common  reagents  used  in  the  purification  of  a  majority  of  the 
ansesthetics  in  general  use.  And  in  this  machine  the  an?esthetic  undergoes  a  con- 
stant purification.  I  have  suspected  this  might  be  of  some  real  benefit  prac- 
tically. So  far  I  have  successfully  used  nitrous  oxide,  ether,  chloroform,  ethyl 
chloride,  ethyl  bromide,-  and  the  proprietar}^  preparation  "somnoform."  While 
my  original  object  was  mainly  the  production  of  a  method  by  which  nitrous 
oxide  anesthesia  might  be  made  cheaper  and  safer,  thereby  extending  its  use 
particularly  to  that  large  and  unfortunate  proportion  of  our  population  which 
must  depend  on  charity  for  its  surgery,  I  am  now  inclined  to  believe  that  the 
method  may  well  be  used  for  a  majority  of  the  ansesthetic  substances  now  known 

It  is  one  of  the  basic  principles  of  pharmacology  that  most  anaesthetic  sub- 
stances which  are  administered  through  the  lungs  by  inhalation  are  almost  to- 
tally excreted  again  by  exhalation  from  ihc  lungs.  Such  small  quantities  of 
the  common  auccsthetics  as  might  disappear  in  the  tissues  would  probably  have 
no  influence  whatever  on  the  use  of  this  method.  By  means  of  the  constant 
circulation  of  the  air  within  the  machine  the  exhaled  ana?sthetic  is  simply  car- 
ried around,  washed  through  the  sulphuric  acid  and  sodium  hydrate  solution 
and  again  returned  to  the  animal  for  rebreathing.     It  is  thus  seen  that  so  long 

-Ivthyl  broinirle  "is  with  much  ditViculty  saponified  by  potassium  hyilroxide  ami  it  is  not  attacked 
by  sulphuric  or  nitric  acids"  (New  and  NonofFicial  Remedies,  1915,  p.  26).  I  have  not  experienced 
any   difliculty    in    this    direction    in    tlie    use    of    ethyl    bromide. 
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as  no  air  is  allowed  to  enter  the  machine  from  without  and  ncjne  is  allowed  to 
escape  from  within,  the  concentration  of  any  given  aiKesthetic  vapor  within  the 
machine  and  in  the  tissues  of  the  animal  must  remain  ])ractical]y  constant.  Con- 
sequently the  degree  of  anaesthesia  should  also  remain  constant.  it  is  easy 
enough  to  carry  this  out  wiih  such  a  substance  as  ether.  But  it  is  somewhat 
more  difficult  with  the  milder  anaesthetics  such  as  nitrous  oxide  or  eth\l  chloride. 
With  these  bodies  it  is  often  difficult  for  one  to  interpret  the  degree  of  an- 
algesia or  anaesthesia  present  in  dogs.  I  suspect  it  might  be  easier  to  do  this 
in  man.  In  dogs  under  ethyl  bromide  it  may  sometimes  be  found,  for  example, 
that  touching  the  cornea  will  not  cause  winking  and  yet  the  animal  may  struggle 
about  rather  violently  entirely  independently  of  the  carbon  dioxide  or  oxygen 
present,  and  when  one  may  feel  very  sure  that  the  animal  is  entirely  unconscious 
of  painful  sensations.  One  is  always  tempted  then  to  give  more  of  the  anaes- 
thetic, but  a  slight  increase  in  the  concentration  of  the  vapor  may  throw  the 
animal  into  a  dangerous  condition.  It  would  seem  probable  in  such  cases  tliat 
the  drug  may  have  been  performing  its  full  therapeutic  function  as  an  analgesic 
and  if  one  could  control  the  struggling  this  analgesia  miglit  easily  be  maintained 
for  a  prolonged  period.  I  suspect  that,  particularly  with  ethyl  chloride,  this 
might  be  done  in  the  human  subject  (e.  g.,  in  obstetrics;  very  much  more  satis- 
factorily than  with  the  dogs  on  which  I  have  experimented.  A\'ith  ether,  how- 
ever, one  can  check  the  struggling  at  an  early  stage  of  the  anaesthesia  and  by 
carefully  injecting  small  quantities  (>4  to  1  c.c. )  at  a  time  the  animal  may  be 
brought  to  a  condition  in  which  it  will  just  wink  the  eye  when  the  cornea  is 
touched  and  yet  the  skeletal  muscles  will  all  be  relaxed  and  no  voluntary  move- 
inents  may  occur.  One  ma}-  stop  giving  the  anaesthetic  at  this  point  and  then 
maintain  this  stage  of  anaesthesia  for  twenty  or  thirty  minutes.  But  if  the  de- 
gree of  saturation  of  the  tissues  of  an  animal  with  an  anaesthetic  remains  con- 
stant then  the  animal  will  tend  to  gradually  fall  more  and  more  under  the  in- 
fluence of  the  drug. 

It  is  neither  necessary  nor  desirable  that  the  pump  be  running  continuous- 
ly. It  has  been  repeatedly  and  most  excellently  shown  by  Yandell  Henderson 
that  a  moderate  accumulation  of  carbon  dioxide  may  be  of  decided  benefit  to 
an  animal  under  anaesthesia.  By  simply  stopping  the  pump  in  this  machine  one 
can  allow  any  extent  of  rebreathing  or  of  carbon  dioxide  accumulation  he  may 
desire.  And  during  this  period  he  may  or  may  not  give  the  animal  oxygen  as 
lie  sees  fit.  Or  he  may  even  give  the  animal  carbon  dioxide  from  a  tank  if  he 
wishes  to  do  so.  On  the  other  hand  if  one  prefers  he  may  keep  the  pump  run- 
ning all  the  time  and  thereby  almost  entirely  prevent  any  carbon  dioxide  ac- 
cumulation within  the  breathing  bag. 

It  has  been  repeatedly  shown  that  warmed  vapors  are  more  satisfactory 
for  anesthesia  than  those  which  are  cold.  This  machine  automaticallv  warms 
all  gases  or  vapors  circulating  through  it  to  approximately  room  temperature. 
This  is  accomplished  first  by  the  sulphuric  acid  which  becomes  warm  from  the 
absorption  of  moisture  and  second  by  the  pump  which  develops  heat  from  its 
friction  in  turning  and  by  compression  of  the  air  passing  through  it.  The  al- 
kali soluiion  usually  remains  at  practically  the  same  temperature  as  the  room 
and  this  determines  the  temperature  of  the  air  as  it  passes  into  the  bag.  The 
bag  should   be  large,   perhaps  about  one   and  one-half   or  two  times   the   vital 
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capacity  of  the  animal  (or  even  larger).  I  have  tried  several  different  bags. 
In  every  case  I  have  found  that  the  larger  the  bag  is  the  better  the  results 
are.  When  the  air  reaches  the  bag,  which  is  made  of  thin  rubber  and  has  a 
large  surface,  then  the  temperature  of  the  air  in  the  bag  should  soon  reach 
almost  exactly  that  of  the  surrounding  atmosphere.  In  rebreathing  the  animal 
itself  quickly  warms  the  air  in  the  bag. 

The  air  breathed  by  the  animal  should  be  properly  moistened  (perhaps  of 
between  50  and  70  per  cent  relative  humidity).  I  have  had  no  difficulty  in  this 
respect  with  the  machine.  But  if  desirable  water  may  be  placed  in  the  reservoir 
(12)  to  moisten  the  air  before  it  passes  to  the  bag.  Too  much  moisture  in  the 
air  I  believe  can  be  satisfactorily  proAided  against  by  increasing  the  quantity 
of  sulphuric  acid  in  the  wash  jar  [or  possibly  by  placing  acid  in  the  re^ervoir 
(12)]. 

I  have,  unfortunately,  not  been  able  so  far  to  make  any  very  careful  prac- 
tical determination  of  how  much  sodium  (and  calcium )  hydrate  may  be  re- 
quired for  this  method  of  anaesthesia  by  the  hour.  The  amount  must  necessarily 
vary  greatly  in  dift"erent  animals  and  with  dift'erent  ansesthetics.  The  cost  of 
the  oxygen  will  probably  represent  the  chief  expense  of  anaesthesia  by  this 
method.  And  this  is  determined  by  the  amount  of  the  gas  actually  consumed 
by  the  animal.  The  sulphuric  acid  may  be  purchased  very  cheaply  and  this  ex- 
pense cannot  be  great.  It  should  be  possible  to  calculate  approximately  the 
amount  of  hydroxide  and  of  oxygen  which  would  be  required  for  an  anaesthesia 
of  any  given  length  of  duration.  "In  an  average  man  weighing  70  kilos  the 
mean  production  of  carbon  dioxide  is  abotit  800  grammes  (400  litres  )  in  twen- 
ty-four hours,  and  the  mean  consumption  of  oxygen  about  700  grammes  (490 
litres).^  But  there  are  very  great  variations  depending  upon  the  state  of  the 
bodv  as  regards  rest  or  muscular  activity,  and  on  other  circumstances.  In 
hard  work  the  production  of  carbon  dioxide  was  found  to  rise  to  nearly  1,300 
grammes,  and  in  rest  to  sink  to  less  than  700  grammes,  the  consumption  of 
oxygen  in  the  same  circumstances  increasing  to  nearly  1,100  grammes  and 
diminishing  to  600  grammes.  In  rest,  in  moderate  exertion,  and  in  hard  work, 
the  production  of  carbon  dioxide  was  found  to  be  nearly  proportionate  to  the 
numbers  2,  3,  and  6  respectively.""' 

The  production  of  carbon  dioxide  in  an  animal  under  deep  anaesthesia  must 
be  verv  much  less  than  during  conditions  of  normal  activit}'.  And  a  corre- 
sponding decrease  in  the  consumption  of  oxygen  also  occurs  under  the  anaes- 
thetics. It  is  often  striking  to  obser\c  during  an  anaesthesia  by  this  method 
how  small  a  ([uantity  of  oxygen  is  really  required  in  order  to  keep  the  cir- 
culation and  respiration  in  good  condition.  Using  the  above  data  as  given  by 
Stewart  I  ha\"e  made  a  rather  unsatisfactory  theoretical  calculation  which 
shows  that  the  cost  of  nitrous  oxide  anaesthesia  lor  a  dog  weighing  15  lbs.  (  1  10 
the  weight  of  an  adult  man)  should  Ite  approximately  $0.0399  per  hour.  I  be- 
lieve that  1  ha\e  used  more  material  than  this  figure  would  indicate  in  n\\  ex- 
perimental obser\ations,  especially  of  oxygen  and  sodium  hytlrate.     The  nitrous 


'It  will  icC|Uiif  1,455  sratiiiiies  (o.J  lis.)  of  l^urc  X:i()H  to  (-halite  800  c;r,Tinmcs  of  CO-  into 
NnoCO:,.  This  hydrate  would  cost  about  $1.J8.  Coninicrcial  XnOH  is  seldom  iniie,  however.  Seven 
hundred  grammes  of  oxygen  per  24  hours  corresponds  to  alioiit  5.,?6  ijalloiis  I'er  hour.  In  large  cylinders 
oxygen    sells    for    about    2    cents    ]>or    nallun,    in    small    cylinders    at    from    4    to    6    cents    per    gallon. 

■•G.    X.    Stewart,    Manual    of    I'liysiido.ny.    5th    edition,    p.    214. 
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oxide  which  I  have  used  is,  I  suspect,  within  the  limits  of  its  rehilive  proportion 
of  the  cost  indicated.  I  have,  however,  wasted  a  good  deal  of  oxygen  and 
sodium  hydrate  in  various  experimental  procedures.  The  cost  should  be  less 
with  ether  or  chloroform  than  with  nitrous  oxide.  With  respect  to  ethyl  chlor- 
ide, ethyl  bromide  or  "somnoform"  I  have  usually  found  from  five  to  ten  cubic 
centimetres  sufficient  for  a  fifteen  pound  dog.  (From  ten  to  twenty  cubic  cen- 
timetres would  probably  be  sufficient  for  a  man  for  the  "dead  space"  of  the 
machine  requires  as  much  vapor  for  a  dog  as  for  a  man.)  These  drugs  are 
best  used  when  supplied  in  small  glass  ampouls  of  3  c.c.  or  5  c.c.  capacity, 
A  short  rubber  tube  with  a  piece  of  cotton  or  gauze  in  the  lower  end  is  at- 
tached to  the  nozzle  of  the  air-cock  (28)  and  the  drawn-out  end  of  the  ampoul 
is  inserted  like  a  cork  (air-tight)  into  the  upper  end  of  the  tube.  The  cock  is 
then  opened  and  the  pump  started.  When  all  is  ready  the  end  of  the  glass 
ampoul  is  snapped  off  by  bending  the  rubber  tube  and  the  drug  quickly  enters 
the  air  system.  One  must  watch  that  the  sudden  entrance  of  a  large  volume 
of  vapor  does  not  over-distend  the  breathing  bag.  This  can  usually  be  checked 
by  stopping  the  pump  suddenly  which  tends  to  retard  the  passage  of  the  vapor 
forward  into  the  bag.  For  this  reason  small  ampouls  of  very  volatile  bodies 
are  better  than  large  ones. 

The  duration  of  anaesthesia  by  this  method  is  usually  limited  only  by  the 
convenience  or  desire  of  the  operator.  With  nitrous  oxide  I  have  been  easily 
able  to  keep  dogs  anaesthetized  for  periods  of  time  extending  up  to  a  little 
m.ore  than  fizr  and  one-half  Iiours  and  the  animals  are  in  excellent  condition  at 
the  close  of  the  anaesthesia.  The  animal  may  often  stand  up  and  walk  around 
the  room  within  one  and  one-half  or  two  minutes  after  it  is  removed  from  the 
nitrous  oxide,  but  after  a  very  long  ansesthesia  usually  from  five  to  nine  min- 
utes are  required  for  complete  recovery.  With  ethyl  chloride  one  and  one- 
half  hours  is  the  longest  time  that  I  have  so  far  tried  to  keep  an  animal 
anaesthetized.  (This  is  not  a  good  anaesthetic  for  dogs.)  \\'ith  ethyl  bromide 
I  have  kept  dogs  anaesthetized  for  periods  up  to  a  little  more  than  an  hour. 
With  ether  or  chloroform  the  duration  of  the  anaesthesia  may  be  regulated  prac- 
tically entirely  by  the  desire  of  the  anaesthetist. 

Summary 

1.  A  new  method  for  the  production  and  maintenance  of  general  analgesia 
or  anaesthesia  is  described. 

2.  A  description  of  the  device  required  for  the  production  of  analgesia 
or  anaesthesia  by  this  method  is  given. 

3.  Great  care  has  been  exercised  to  confine  the  descriptions  in  this  article 
strictly  to  results  which  have  already  been  obtained  by  experiments  on  dogs. 
(But  the  conclusion  is  easily  drawn  that  similar  results  may  be  obtained  in  man.) 


SPECIFIC  TREATMENT   IN   TYPHOID   FEVER 


By  Frederick  P.  Gay,   M.D.,   Berkei.Ey,   Calie. 


THE  history  of  the  specific  treatment  of  typhoid  fever  divides  itself  readily 
into  two  definite  eras,  the  first  beginning  with  the  work  of  FraenkeP  in 
1893  and  extending  approximately  for  20  years  to  1912,  and  the  second  from 
the  latter  date  to  the  present  time.  In  offering  this  critical  summary  of  the 
past  history,  present  status,  and  probable  future  of  a  specific  therapy  against 
this  malady,  we  may,  to  a  large  extent,  omit  a  detailed  consideration  of  the 
facts  of  the  first  of  these  two  eras  that  has  been  mentioned,  since  it  has  been 
fully  reviewed  repeatedly  in  the  past  by  each  successive  observer  of  the  methods 
concerned.  A  rather  full  discussion  of  this  subject  will  be  found  in  the  articles 
by  Callison-  and  by  Krumbhaar  and  Richardson,^  and  particularly  in  the  sys- 
tematic treatises  on  Typhoid  Immunization  by  Fornet*  and  Friedberger."^ 

As  has  been  already  stated,  Fraenkel  in  1893  reported  the  results  he  ob- 
tained in  treating  57  cases  of  typhoid  with  cultures  of  B.  TypJiosus  that  had 
been  heated  to  60  degrees.  The  vaccines  were  administered  hypodermatically 
and  fairly  good  results  were  obtained.  The  specificity  of  the  action  of  typhoid 
vaccine  that  was  assumed  by  Fraenkel  in  those  of  his  cases  which  did  well, 
was  subsequently  open  to  doubt  from  observations  of  Rumpf'  who  claimed  that 
he  obtained  equally  good  results  by  using  cultures  of  B.  Pyocyancus.  The  ac- 
curacy of  his  observations,  however,  was  subsequently  questioned  by  Kraus 
and  BuswelF  and  Presser.^  Petruschy^  in  1902,  used  typhoid  Aaccines  in  com- 
bination with  immune  serum  and  in  several  cases  found  this  treatment  was  fol- 
lowed by  a  fall  in  temperature  during  the  subsequent  three  or  four  days.  Pes- 
carolo  and  Quadrone^°  later  used  living  avirulent   cultures   in   treatment. 

By  far  the  greater  number  of  reports  on  the  use  of  vaccines  in  the  treat- 
ment of  typhoid  fever  during  this  earlier  period  were  made  by  English  and 
American  writers,  and  did  not  dift'er  essentially  in  the  results  obtained  or  in  the 
methods  employed.  Ordinarily  heat-killed  vaccines  (56  degrees — 60  degrees) 
were  employed  in  variable  dosage  and  at  varying  intervals  during  the  course 
of  the  disease.  Fornef^  has  summarized  the  results  of  15  authors  who  re- 
port more  or  less  favorably  on  the  results  obtained  in  over  300  cases.  Calli- 
son- has  extended  this  list  to  include  some  747  cases.  The  consensus  of  opin- 
ion, with  few  exceptions,  of  the  autliors  during  lliis  period,  is  that  the  use  of 
the  vaccines  when  given  under  the  most  favorable  conditions  of  dosage  and  in- 
terval, shortens  the  course  of  the  disease,  lessens  mortality,  diminishes  tiie  per- 
centage of  relapses  and  complications,  and  may,  in  some  instances,  give  rise 
to  rapid  defervescence  and  cure.  A\"c  arc,  in  these  cases,  at  best  dealing  with 
relatively  small  differences  in  i)ercentage  in  comparing  the  treated  cases  with 
those  that  have  lieen  used  as  controls.  The  instances  of  abortion  of  the  dis- 
ease, although  exceptional  in  this  series  of  cases,  was  mentioned  as  carlv  as 
the  work  of  Fraenkel  who  obtained  it  in  two  or  three  cases.  A  further  con- 
sideration of  tliis  raj)id  amchoration,  which  apparentlv  followed  the  use  of 
vaccines,  will  be  considered  in  nioie  detail   in   connection   with   the  move   recent 
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methods  of  treatment.  At  best,  no  very  striking  results  can  he  claimed  for  the 
use  of  the  ordinary  vaccines  administered  subcutaneously  in  the  treatment  of 
typhoid  fever. 

In  addition  to  tb.e  use  of  the  more  usual  types  of  vaccines,  it  may  be  men- 
tioned that  autogenous  vaccines  have  been  suggested  by  various  writers,  not- 
ably Thiroloix,  Garsaux  and  Bardon ;"  Josue  and  I.elloir;^-  Sacquepee  and 
ChevreP^  and  Bourke,  Evans,  and  Rowland.^*  In  a  similar  way  Raniond  and 
Goubert^''  ha\e  suggested  a  process  of  autohemotherapy  by  subcutaneous  in- 
jections of  the  patient's  own  blood  drawn  from  the  veins  and  injected  directly 
into  the  adjacent  connective  tissue.  By  such  means  they  claim  a  distinct  bene- 
fit in  38  per  cent  of  their  cases.  Bourke.  Evans  and  Rowland  have  suggested 
using  60  to  300  millions  of  living  typhoid  bacilli  derived  from  the  blood  of  the 
patient  who  is  treated. 

Before  passing  to  the  more  recent  work  in  tlic  use  of  vaccines,  reference 
should  be  made  to  attempts  at  the  treatment  of  typhoid  fever  by  means  of  anti- 
serum or  antitoxins.  The  most  favorable  results  that  have  been  reported  by 
this  method  are  those  of  Chantemesse^''  who  produced  typhoid  vaccines  by 
growing  the  bacteria  on  extract  of  spleen  and  immunizing  horses  with  this  prep- 
aration and  later  with  the  living  cultures.  By  means  of  serum  obtained  in  this 
manner  Chantemesse  claims  to  have  reduced  the  mortality  in  his  wards  from 
17  to  4.3  per  cent.  Rodet  and  LagriffouP'  have  reported  the  use  of  an  anti- 
typhoid serum  prepared  by  themselves,  in  65  cases,  which  seems  to  shorten 
the  course  of  the  disease  and  in  some  cases  to  abort  it  if  given  early,  that  is 
before  the  tenth  day.  Ludke^®  immunized  goats  against  toxins  and  livmg  cul- 
tures of  typhoid  and  claimed  favorable  results  on  patients  given  intravenous 
injections  of  this  immune  serum.  Less  favorable  results  have  been  reported  in 
the  use  of  antiserum  prepared  by  Besredka,  by  Andriescu  and  Ciuca.''"  and 
by  Ciuca.  Combiescu  and  Balleanu.-''  Moderately  good  results  have  been  re- 
ported by  Gaupp-i  who  used  an  antiserum  prepared  by  Kraus  in  16  cases. 
Koenigsfeld--  injected  the  serum  of  the  individual  patient  in  doses  of  2  to  4 
c.c.  after  the  M'idal  had  become  well  established,  and  found  a  distinct,  though 
slow,  improvement  of  the  disease  in  14  out  of  18  cases.  Ramond  and  Gonbert" 
have  reported  good  results  in  38  per  cent  of  cases  by  means  of  an  autohemo- 
therapy. Perhaps  the  best  comment  on  the  use  of  antiserum  in  typhoid  fever 
IS  the  short  list  of  those  who  have  described  its  effects  at  all.  and  the  fact  that 
many  of  those  authors  have  subsequently  reverted  to  the  use  of  vaccines. 

Interest  in  the  specific  treatment  of  typhoid  fever  has  been  rapidly  de- 
veloping during  the  last  three  years,  and  particularly  during  the  last  year  and 
a  half.  Not  only  has  the  number  of  publications  been  larger  than  during  the 
twenty  preceding  years  of  attempt  at  specific  therapy,  but  the  results  obtained 
are  far  more  striking  and  of  a  distinctly  more  convincing  type.  As  in  the  pre- 
vious years  the  best  results  have  been  obtained  by  the  use  of  vaccines,  but  two 
important  modifications  in  the  vaccine  treatment  of  typhoid  have  recently  been 
introduced;  namely  the  use  of  sensitized  (Besredka)' vaccines  instead  of  ordi- 
nary vaccmes;  and  second,  the  intravenous  injections  of  the  vaccines  themselves. 
These  two  modifications,  either  employed  separately  or  more  particularly  when 
combined,  had  led  to  a  surprising  increase  in  the  percentage  of  aborted  cases 
of  the  disease,  the  infrequent  occurrence  of  which  has  alreadv   been  noted  as 
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having  been  observed  from  the  time  of  FraenkeL  Xot  only  does  the  very  con- 
siderable per  cent  of  cases  that  may  be  aborted  by  the  more  recent  methods 
lead  one  to  feel  confident  that  methods  have  finally  been  determined,  which, 
from  the  results  obtained,  are  distinctly  indicated  as  a  rational  treatment,  but 
the  results  themselves  give  far  greater  confidence  that  they  are  due  to  the  treat- 
ment and  not  to  chance,  spontaneous  cures.  It  is  of  course  recognized  that 
rarely  in  cases  of  typhoid  fever,  during  the  height  of  the  fever  and  perhaps 
even  early  in  its  course,  the  temperature  may  fall  by  crisis  or  lysis.  \\'hen  such 
results,  however,  are  obtained  in  30  to  50  per  cent  of  the  cases,  and  early  in  the 
disease,  the  element  of  spontaneous  cure  may  be  safely  eliminated  when  the 
results  follow  directly  after  specific  treatment. 

Kraus  and  Mazza--^  and  Kraus-*  reported  in  1914,  the  favorable  results 
that,  in  a  number  of  cases,  followed  the  intravenous  injection  of  50  to  100  mil- 
lions of  Vincent's  typhoid  vaccine  (polyvalent  and  ether  killed).  Such  injec- 
tions are  followed  by  a  rise  in  temperature  of  1  to  2  degrees,  with  a  chill  and 
then  a  rapid  fall  in  temperature  to  normal  or  subnormal  which  may  remain 
permanent.  Thiroloix  and  Bardon-'^  reported  that  they  also  obtained  better  re- 
sults when  typhoid  vaccines  are  given  intravenously  and  when  they  are  auto- 
genous. The  fact  that  this  action  is  not  strictly  specific  has  been  evidenced  by 
the  work  of  Kraus-*  who  found  that  he  produced  similar  results  in  typhoid 
fever  by  the  use  of  B.  coU  vaccine.  Liidke-*^  claims  to  have  actually  cured  cer- 
tain cases  by  the  use  of  deutero-albumose.  Rhein-'  used  the  Halle  vaccines 
diluted  to  a  considerable  extent  and  also  administered  intravenously.  In  a  series 
of  33  cases  he  foimd  that  abortive  cure  took  place  within  two  days  in  30  per 
cent,  and  in  48  per  cent  the  fever  was  distinctly  shortened. 

But  even  better  results  have  been  obtained  by  the  use  of  sensitized  typhoid 
vaccines.  These  vaccines,  which  were  originally  suggested  by  Besredka  in  1902, 
consist  in  either  living  or  dead  bacteria  that  have  been  treated,  or  sensitized, 
by  means  of  an  immune  serum  which  is  active  against  the  organism  in  question, 
with  subsequent  removal  of  the  excess  of  serum  by  washing.  JSuch  vaccines, 
particularly  in  the  case  of  typhoid  fever,  ha\"e  been  shown,  on  the  basis  of  the 
experimental  work  of  numerous  observers,  to  possess  the  following  advantages 
over  the  ordinary,  untreated  vaccines.  They  give  rise  to  transitor}%  passive  im- 
nnmity  followed  by  active  immunity  that  is  as  lasting  as  that  secured  bv  using 
untreated  vaccines.  They  have  the  further  advantage  of  producing  distinctly 
less  symptomatic  disturbances  than  the  ordinary  vaccines.  In  their  experiments 
on  apes  Metchnikoiif  and  P.esredka-*  found  distinctly  better  protection  agamst 
typhoid  fever,  which  can  be  produced  in  these  animals,  by  vaccinating  with  liv- 
ing, sensitized  typhoid  bacilli  than  by  some  of  the  other  vaccines  that  have  been 
devised,  and  used  for  the  production  of  immunity  in  human  beings.  These  sen- 
sitized vaccines  have  subsequently  been  extensixely  used  for  prophylactic  im- 
munization with  success.  In  recent  publications  Gay  and  Claypole-'*  have  shown 
that  either  living  or  dead  sensitized  typhoid  vaccines,  but  particularly  the  sedi- 
ment of  the  alcohol-killed  sensitized  \accines,  pmiccl  rabbits  against  becom- 
ing typhoid  carriers  better  than  several  otlici-  unsensitized  preparations  that 
were  tried.  Vor  a  further  discussion  of  the  use  of  these  vaccines  in  prophy- 
laxis, we  refer  the  reader  lo  I  his  article. 

Boinet,^"  in  V)\^.  rcjxined  the  use  of   liesredka's  living,  sensitized  \accines 
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in  15  cases  of  typhoid  fever.  When  administered  subcutaneously  these  vac- 
cines were  found  to  shorten  the  course  of  the  disease  distinctly  and  without 
any  harmful  effects.  Ardin-Delteil,  L.  Xegre  and  Maurice  Raynaud'^  obtained 
similar  results.  The  same  authors  further  showed  that  although  animals  and 
patients  treated  by  sensitized  vaccines  did  not  produce  high  agglutinins,  the  bac- 
terial substances  of  their  blood  are  distinctly  increased,  which  results  corre- 
spond exactly  to  those  of  Garbat  and  Meyer,^-  in  experimental  animals.  Rou- 
ques^^  found  that  relatively  large  doses  of  Besredka's  vaccine  apparently  led 
to  distinct  symptomatic  improvement  in  a  number  of  cases  he  observed.  This 
was  particularly  true  when  the  vaccine  was  used  early  in  the  disease. 

Ichikawa"*  was  the  first  to  suggest  the  use  of  sensitized  vaccines  intra- 
venous]}-. He  treated  typhoid  bacilli  with  the  serum  of  patients  who  had  re- 
covered from  the  disease,  injected  this  sensitized  vaccine  intravenously  and 
obtained  a  considerable  number  of  abortive  cures  of  the  disease  by  such  means. 
He  w-as  able,  moreover,  to  obtain  almost  equally  good  results  in  the  treatment 
of  paratyphoid  fever  with  these  same  sensitized  typhoid  vaccines,  indicating 
again,  as  did  the  work  of  Kraus,  that  the  results  obtained  are  not  strictly  spe- 
cific. Garbat^^  who  used  a  method  essentially  similar  to  that  of  Ichikawa,  ex- 
cept that  the  vaccines  were  given  subcutaneously,   found   favorable   results  in 

17  cases,  but  only  two  abortive  cures.  His  communication  illustrates  the  su- 
periority of  the  results  attained  by  intravenous  injection  as  introduced  by  the 
Japanese  investigator.  Paltauf'"'  has  reported  similar  results  obtained  by  Biedl 
and  by  Eggerth,  who  compared  the  use  of  Besredka's  living  sensitized  vaccines, 
intravenously,  with  Vincent's  killed  polyvalent,  unsensitized  vaccines  likewise 
delivered  directly  into  the  veins.  Far  better  results  were  obtained  with  the 
sensitized  vaccines.  AX'hereas  Biedl  reports  only  moderately  good  results,  Eg- 
garth  in  his  letter  to  Paltauf,  and  also  in  a  subsequent  communication'^'  suc- 
ceeded in  aborting  the  disease  with  a  single  injection  in  31  out  of  43  cases 
(72  per  cent).  FeistmanteF*  likewise  found  Besredka's  vaccine  to  give  better 
results  on  intravenous  administration  than  the  untreated  vaccines  of  Kolle.  He 
gives  the  treatment  on  four  successive  days  in  relatively  small  doses,  and  in  52 
cases  produced  a  rapid  cure  with  critical  and  rapid  lytic  fall  of  temperature. 
These  observers  all  agree  that  the  method  is  harmless.  The  only  dissenting 
report  is  from  Sladek  and  Kotlowski^^  who,  on  the  basis  of  four  cases,  in  which 
distinctly  good  results  were  produced,  emphasize  the  possible  danger  of  col- 
lapse and  heart  failure. 

Reference  has  already  been  made  to  the  work  of  the  author  and  Claypole-^ 
which  led  us,  from  experiments  on  rabbits,  to  believe  that  the  best  typhoid  vac- 
cine for  prophylactic  purposes  consists  in  the  sediment  of  alcohol-killed,  sensi- 
tized bacteria  from  which  the  endotoxins  have  been  removed.  Good  protective 
results  with  little  symptomatic  disturbance  at  the  time  of  the  injection,  have 
been  obtained  with  this  vaccine  in  human  beings.  Certain  of  our  experiments 
with  a  phenomena  described  as  specific  hyperleucocytosis*°  led  us  to  suggest 
the  intravenous  injection  of  this  sensitized  vaccine  in  the  treatment  of  typhoid 
fever.  We  found  that  the  injection  of  typhoid  bacilli  in  specifically  immunized 
rabbits  gave  rise  to  an  acute  hyperleucocytic  crisis  in  about  18  hours  which  fre- 
quently reached  an  extraordinary  height  (150,000  or  more  leucocytes  to  a  cubic 
millimeter)    and   which   was   coincident   with  the   sterilizing   of  the   body   from 
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the  injected  living  bacteria.  It  seemed  evident  that  this  high  leucocyte  count 
was  brought  about  by  the  increased  attractiveness  of  the  injected  bacteria  v^'hen 
they  had  been  acted  upon  by  the  immune  serum  in  the  animal's  body,  for  leu- 
cocytes, since  it  was  found  that  a  similar  specific  phenomena  could  be  produced 
by  injecting  sensitized  typhoid  bacilli,  that  is  bacilli  treated  with  immune  serum, 
intravenously  in  normal  rabbits. 

These  results  and  the  apparent  relation  of  this  increase  in  leucocytes  to 
the  recovery  of  the  animal  from  the  infection,  led  us  to  hope  for  further  results 
in  treating  cases  of  typhoid  fever  intravenously  with  sensitized  vaccines  than 
with  the  unsensitized  vaccines.  Although  this  means  of  treatment  was  in  mind 
before  the  publications  on  the  intravenous  injections  of  sensitized  culture  that 
have  been  mentioned,  no  opportunity  was  available  for  trying  out  this  method 
until  recently.  Owing  to  the  courtesy  of  a  number  of  physicians  in  Oakland, 
Berkeley  and  San  Francisco,  we  have  recently  been  able  to  treat  a  few  cases 
of  typhoid  fever  and  have  obtained  favorable  results  in  harmony  with  those 
v/riters  that  have  been  mentioned,  in  a  distinctive  percentage  of  cases,  and  also 
certain  indications  which  may  lead  to  a  further  perfecting  of  the  method.  V\'e 
have  given  intravenous  injections  of  our  sensitized  vaccine  sediment  in  19  cases 
of  typhoid  fever,  in  which  the  diagnosis  was  fully  confirmed  by  laboratory  as 
well  as  clinical  means.  In  14  of  these  only  was  it  possible  to  carry  out  the 
treatment  exactly  as  intended,  and  these  cases  only  are  used  as  a  basis  of  study. 
In  this  preliminary  report  we  prefer  to  deal  only  with  those  cases  in  which 
an  abortive  cure  was  eft'ected,  following  one,  or  in  some  instances,  more  in- 
jections of  the  vaccine.  We  have  left  out  of  consideration  those  cases  in  which 
just  claim  to  shortening  the  duration  of  the  disease  or  amelioration  of  symptoms 
could  properly  be  made,  owing  to  the  impossibility  of  controlling  such  apparent 
improvements  in  a  small  group  of  cases.  Of  the  14  cases  considered,  5  were 
cured  abortively,  or  35  per  cent.  Of  these  cases,  two  received  a  single  intra- 
venous injection;  two  received  2  injections  and  one  received  3  injections  be- 
fore the  temperature  came  to  normal  permanentl}'.  The  average  day  on  which 
the  temperature  reached  a  permanent  normal  in  these  cured  cases,  was  the 
19th.  We  find  that  adult  patients  readily  tolerate  the  intravenous  injection  of 
a  suspension  containing  about  one-twenty-fifth  milligram  of  sensitized  vaccine 
sediment,  which  corresponds  to  300  million  of  the  living  organisms.  This  dose 
has,  in  no  instance,  produced  severe  symptoms  and  may  readily  be  increased  on 
subsequent  injections,  when  such  prove  necessary.  The  only  alarming  symptoms 
that  have  been  noted  were  in  conncctidu  with  a  patient  who  received  liy  error  an 
injection  of  800  million  bacteria  and  in  this  case  there  were  slight  hemorrhages 
from  the  mouth  and  distinct  evidences  of  colla])se  which,  liowevcr.  were  only 
temporary.  The  symptoms  produced  by  the  iiitraxenous  injections  of  vaccine 
in  tlie  cases  mentioned,  agree  entirely  with  tliose  that  ha\e  liccn  noted  by 
other  observers,  notably  by  Ditthorn  and  Schultz;'^  Kraus  and  Mazza;-^  and 
Kraus.""*  In  from  15  to  30  minutes  following  the  injection  the  patients  ex[)eri- 
ence  a  distinct  chill  which  ma}'  be  decidedly  uniileasanl.  The  temperature  rises 
from  1  to  2  degrees  and  we  lind  that  coincidentally  there  is  a  distinct  fall  in  the 
number  of  polymorphonuclear-leucocytes.  say  from  (i.OOO  or  7.000.  to  3,000  or 
4,000.  In  one  or  two  hours  the  temperalure  l)egins  to  fall,  the  patient  often 
perspires  freely  and  experiences  a  very  marked  amelioration  of  general  symp- 
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loms.  At  ahout  12  hours  after  the  injection  the  temperature  has  reached  nor- 
mal or  subnormal,  and  the  leucocytes  in  most  cases  ha\-e  increased,  in  some 
cases  to  as  high  as  20.000  to  40,000  per  cubic  millimeter.  We  have  not  as  yet 
sufficient  data  to  state  whether  the  degree  of  hyperleucocytic  crisis  is  of  prog- 
nostic significance. 

In  our  series  of  cases  one  relapse  and  no  complications  have  occurred,  so 
we  are  unable  to  state  whether  the  treatment  has  affected  them  or  not.  Al- 
though the  earber  writers  on  the  use  of  typhoid  vaccine  seemed  to  think  that 
iubcutaneous  closes  on  several  occasions  had  a  beneficial  effect  in  rjiminishing 
the  number  of  complications  and  relapses,  later  writers,  Guinon  and  Malarte;*' 
Ditthorn  and  v'^chultz;^^  Goldscheider  and  .Vust ;""  and  Csernel  and  Marton''* 
find  com[>licati()ns  unaffected  by  vaccine  particularly  in  those  cases  where  if 
favorable  results  occur  they  are  of  the  abrupt,  abortive  type.  We  have  had  two 
fatal  cases,  one  of  whicli  died  early  in  the  disease,  following  several  days  of 
coma  and  delirium,  and  the  other  distinctly  later,  of  no  recognized  cause,  the 
autopsy  being  refused.  Neither  of  these  cases  was  apparently  affected  favor- 
ably or  unfavorably  by  the  treatment,  with  the  exception  that  the  temperature 
fell  following  nearly  every  dose  that  was  given,  and  there  was  a  temporary 
amelioration  of  symptoms. 

W'e  seem  to  have  the  best  results  by  repeating  the  injections,  when  neces- 
sary three  or  four  days  apart.  This  allows  for  an  abortive  cure  following  the 
first  injection,  for  although  the  temperature  falls  to  normal  the  first  day  it  may 
fluctuate  for  a  day  or  two  subsequently  rising  to  100  or  101  degrees  and  at  the 
end  of  this  time  fall  to  normal  and  remain  there  permanentlx'.  In  our  experience 
if  the  second  or  third  injection  fails  to  produce  more  than  temporary  effect, 
little  can  be  expected  from  further  injections  in  the  wav  of  abortive  cure.  The 
procedure  of  other  investigators  may  be  mentioned  in  this  connection  simply 
as  showing  the  variation  in  methods  of  dosage  and  intervals  than  have  been 
employed.  Kahn^-^  advocates  the  use  of  3  million  to  5  million  organisms  given 
subcutaneously  at  intervals  of  three  or  four  days.  His  favorable  results,  when 
present,  are  not.  however,  of  the  abortive  type.  Pensuti**'  gave  400  million  grad- 
ually decreasing  on  successive  days  to  100  million  subcutaneously  and  obtained 
a  percentage  of  abortive  cures.  Kraus-^  gave  50  to  100  million  of  Vincent's 
vaccine,  intravenously.  Goldscheider  and  Aust^'  have  used  250  to  750  million 
of  unsensitized  \accine  subcutaneously.  These  variations  in  dosage  mean  lit- 
tle beyond  the  limited  experience  of  the  author,  and  depend  on  the  type  of 
vaccine  and  the  results  desired.  In  our  experience  when  an  abortive  cure  is 
attempted  enough  vaccine  must  be  given  to  produce  a  distinct  reaction  in  the 
way  of  a  chill  with  rise  and  fall  of  temperature.  When  treatment  is  directed 
toward  symptomatic  improvement,  the  dosage  of  course,  as  with  the  older  types 
of  typhoid  vaccines,  may  be  smaller. 

It  is  of  particular  interest  to  us  to  note  that  there  has  been  apparently 
some  relation  between  the  absence  and  occurrence,  and  indeed  of  degree  of  oc- 
currence, of  the  W'idal  reaction  and  the  results  obtained.  All  of  the  cases  that 
have  been  cured  abortively  by  intravenous  injections  of  vaccines  have  had  a 
positive  W'idal.  and  in  several  instances  a  W'idal  that  was  distinctly  high,  for 
example  1-320  or  1-640.  In  several  cases  the  exact  titer  of  the  agglutinin  was 
not  obtained,  and  in  some  cases  may  have  been  higher  than  the   simple  diag- 
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nosis  of  "positive"  would  indicate.  In  two  at  least  of  our  failures  the  W'idal 
has  been  persistenth-  negative  when  treatment  was  attempted,  and  in  npne  of 
them  did  the  agglutinin  titer  exceed  1  to  80.  This  fact,  if  it  prove  to  be  con- 
sistent, would  indicate  that  the  successful  abortion  of  the  disease  would  de- 
pend on  the  strength  of  the  antibodies  that  may  have  been  produced  in  the 
patient's  blood.  In  other  words,  if  a  resistance  is  already  effectively  established 
the  additional  impulse  produced  by  injecting  the  vaccine  is  sufficient  to  tip  the 
balance  in  favo."  of  recovery.  One  might  go  further  and  assume  that  the 
hyperleucocytic  crisis  which  we  have  shown  occurs  in  animals  and  in  human 
beings  following  the  injection  of  sensitized  typhoid  vaccines,  produces  results 
only  when  there  are  sufficient  antibodies  present  in  the  patient  to  affect  the 
bacteria  that  are  present  in  the  circulation  and  cause  them  to  be  more  readily 
phagocyted.  It  is  interesting  in  this  connection  to  note  that  Pensuti^*''  found 
that  those  cases  which  were  unaffected  by  his  vaccine  treatment  gave  a  con- 
stantly negative  \Mdal  reaction.  Koenigsfeld--  obtained  the  best  results  from 
auto-serum  therapy  by  using  the  blood  of  the  patient  when  the  A\  idal  was  high. 
In  the  cases  reported  by  Sladek  and  Kotlowski,^'^  the  successful  abortive  cures 
were  accompanied  by  unusually  high  W'idals.  The  beneficial  effects  of  high 
antibody  content  in  the  patient  is  further  indicated  by  our  observations  as  well 
as  those  of  Ditthorn  and  Schultz."  who  found  that  the  most  striking  results 
are  secured  after  the  10th  day  of  the  disease  rather  than  before,  although  the 
older  methods  of  amelioration  of  the  symptoms  and  shortening  of  the  disease 
by  subcutaneous  injections  of  vaccines  state  that  the  earlier  the  treatment  was 
begun  the  better  the  results.  Recent  experience  would  seem  to  indicate  that 
the  course  of  typhoid  fever  is  not  markedly  affected  liy  the  use  of  vaccines  dur- 
ing the  incubation  period  as  is  evidenced  particularly  by  the  cases  reported  by 
Elmer*'  and  by  Goldscheider  and  Aust.''^  These  results  are  not  of  necessity  in 
contradiction  to  the  statement  of  Vincent,*"  who  thought  he  had  prevented  ihe 
occurrence  of  typhoid  in  known  cases  of  infection  by  the  use  of  vaccines.  In 
his  cases  no  controls  were  possible. 

To  suiiunarice  the  history  of  the  specific  treatment  of  typhoid  fever:  The 
first  twenty  years'  experience  since  1893  with  the  use  of  ordinary  preparations 
of  typhoid  vaccines  administered  subcutaneously  ga\c  some  encouragement  for 
the  method  in  the  matter  of  symptomatic  improvement,  shortening  of  the  dura- 
tion of  the  disease,  decrease  of  the  mortality,  lessening  of  relapses  and  com- 
plications, with  a  few  abortive  cures.  The  results  attained  were  of  dnubiiul 
value  and  inspired  little  confidence  that  the  true  "heroic,"  specilic,  treatment 
had  been  found.  Modern  in\  estigations  lia\"e  introduced  the  intravenous  ad- 
ministration of  dead  or  li\ing  cultures  and  particularly  of  sensitized  cultures  of 
the  typhoid  bacillus.  With  such  methods  far  more  striking  results  have  been 
realized.  Abortive  cures  occur  in  a  considerable  percentage  of  cases,  perhaps 
in  as  high  as  30  to  40  jht  cent.  If  our  working  hypothesis  is  correct,  these 
abortive  cures  are  due  to  the  i^resence  of  ;intibodies  in  a  patient  who  is  active- 
ly combating  the  disease  and  cure  is  effected  by  the  action  of  these  antibodies 
on  the  circulating  bacteria  combined  with  a  specilic  h}perleucoc\tosis  produced 
by  the  vaccine,  particularly  when  it  is  specific  and  is  sensitized.     The  remain- 
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ing  cases  might  possibly  be  favorably  afifected  by  a  combination  treatment  of 
sensitized  vaccine  and  a  suitable  immune  serum  which  would  supply  the  lack- 
ing antibodies. 
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LABORATORY   AND  CLINICAL   EXAMINATIONS 


E'v  Gi-ORGE  Dock,  M.D.,  St.  Louis,  Mo. 


THE  founding  of  a  journal  devoted  to  the  laljoratory  side  of  medicine  leads 
one's  thoughts  to  some  consideration  of  laboratory  practice.  A  radical 
change  has  taken  place  in  the  minds  of  the  profession  as  regards  laboratory 
work.  We  have  turned  a  point  that  often  caused  professional  shipwreck.  That 
point  was  the  belief  that  laboratory  methods  were  not  only  apart  from,  luil  an- 
tagonistic to  the  other  methods  of  diagnosis.  The  belief  was  based  upon  a 
fundamental  error — viz.,  that  there  must  be  short  cuts  to  diagnosis,  and  that 
these  were  offered  chiefly  by  laboratory  methods.  Now  the  urine,  now  a  sec- 
tion of  tissue,  now  a  blood  spread,  lured  the  hope  that  by  a  glance  one  could 
tell  what  perhaps  a  long  and  careful  study  of  anamnestic  or  physical  findings 
had  failed  to  reveal.  In  truth,  there  were  reasons  for  the  belief,  for  it  often 
happened  that  the  search  was  successful  to  a  striking  degree — too  often,  un- 
fortunately for  real  progress,  for  with  such  a  viewpoint  the  name  of  the  dis- 
ease, or  of  some  disease,  was  the  chief  aim  of  diagnosis.  To  the  superficial 
diagnostician,  as  to  the  layman  in  daily  life,  the  name  seems  the  great  desidera- 
tum. Of  course  the  old  view  will  only  slowly  disappear,  more  slowly  in  some 
places  than  others,  but  it  is  certain  that  what  was  formerly  a  commonplace  is 
now  becoming  more  and  more  rare.  As  examples,  even  now  one  may  oc- 
casionallv  discover  myxedema  in  a  patient  sent  specifically  for  a  urine  examina- 
tion in  a  case  long  called  Bright's  disease,  or  a  leukemia  under  similar  cir- 
cumstances, neither  blood  nor  urine  having  been  looked  at  in  either  case.  But 
it  is  becoming  rare  to  find  a  patient  long  treated  for  malaria  when  a  physical 
examination  and  sputum  examination  would  have  disclosed  tuberculosis  months 
before,  and  it  is  refreshing  to  find  the  same  improvement  as  regards  septic 
endocarditis.  Ignorance  of  the  conditions  of  instrumental  diagnosis  long  led 
to  characteristic  mistakes  and  recriminations.  For  histologic  examinations, 
blood  clots  or  granulation  tissue  were  blindly  scraped  off  from  an  ulcer  or  a 
cervix  and  much  disgust  was  expressed  because  early  diagnoses  of  malignancy 
were  not  made.  For  a  sputum  examination  saliva  or  food  remains  were  pre- 
sented, notwithstanding  careful  directions  for  obtaining  the  proper  material. 
Obviously,  clinical  examinations  were  no  more  thorough  or  accurate  where  such 
methods  prevailed.  After  explaining,  in  a  public  lecture,  the  absolute  neces- 
sity and  also  the  value  of  inspection  in  suspected  pulmonary  tuberculosis,  the 
patients  brought  in  for  a  clinical  demonstration  were  told  they  need  not  un- 
dress, and  as  each  garment  was  reluctantly  taken  off',  from  overcoat  down,  at 
my  repeated  request,  the  "cases"  were  advised  by  my  recent  auditors  that  that 
was  enough.  It  was  no  surprise  to  find  in  the  first  patient,  one  \\ho  n-as  a 
great  puzzle  in  the  local  medical  circles,  and  whose  sputum  had  often  been 
almost  sent  to  the  state  laboratory  for  examination,  complete  immobility  of  one 
side  of  the  chest  and  other  signs  of  advanced  disease.  The  change  of  view  is 
due  partly  to  different  opportunities  for  studying  medicine,  partly  to  a  much 
larger  body  of  medical  knowledge.     Patients  as  well   as  physicians  have  come 
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to  realize  that  laboratory  diagnosis  is  a  part  of  diagnosis  in  general;  that  it  is 
capable  of  giving  information  of  value,  often  of  cardinal  importance;  that  like 
all  other  diagnostic  methods  it  varies  in  value  and  in  certainty  in  different  cases 
and  at  different  times ;  that  its  chief  function  is  not  to  give  names  but  to  reveal 
details  of  many  and  various  kinds.  Such  details  are  etiologic  factors,  anatomic 
or  functional  conditions  of  organs,  or  the  biological  or  chemical  constitution  of 
certain  secretions  or  excretions  or  fluids,  all  of  which  go  to  make  up  the  real 
diagnosis  of  the  patient's  case.  An  interesting  index  of  the  change  is  found 
in  the  fact  that  some  who  have  been  verv  successful  laboratory  specialists  are 
preparing  themselves  for  some  or  other  department  of  practice, — not  because 
they  care  more  for  the  latter,  but  because  they  see  a  narrowing  field  of  practice 
for  the  laboratory.  I  have  spoken  of  changes  in  methods  of  study.  For  a  long 
tim.e  after  laboratory  methods  were  available, — the  description  of  tube  casts  by 
Henle  in  1844  makes  a  conspicuous  epoch,  not  onlv  physicians  long  in  practice, 
but  even  recent  graduates,  were  totally  untrained  in  laboratory  methods.  Only 
those  who  devoted  special  time  and  who  had  special  opportunities  could  do  the 
work,  and  their  aid  had  to  be  called  upon  even  for  the  most  ordinary  matters, 
such  as  albumin  or  glucose  tests,  blood  counts,  etc.  Now  that  practical  teach- 
ing has  been  so  widely  adopted  and  hospitals  and  dispensaries  give  so  many  op- 
portunities for  clinical  practice  the  present  generation  no  longer  needs  the  aid 
of  specialists,  but  finds  it  better,  for  many  reasons,  to  make  its  own  laboratory 
tests.  Moreover,  physicians  of  the  older  generation,  untrained  in  laboratory 
manipulations,  could  not  work  up  newly  discovered  methods,  in  their  irregular 
and  uncertain  leisure  hours,  even  if  they  understood  the  new  technical  terms. 
Those  who  have  been  properly  prepared  in  laboratory  manipulations  and  prin- 
ciples can  develop  facility  in  new  methods  without  difficulty,  from  journal  ar- 
ticles or  books,  and  cannot  so  readily  lose  touch  with  the  constant  advance  of 
medicine. 

The  change  in  teaching  and  in  opportunity  for  practice  has  exploded  a 
fallac}'  that  hampered  many.  I  refer  to  the  view  that  some  people  have  no 
talent  for  laboratory  work.  Of  course  there  are  differences  in  natural  manual 
dexterity,  in  sharpness  of  vision,  in  color  sense  and  other  particulars,  but  one 
who  has  worked  with  many  undergraduates  finds  few  indeed  who  cannot  be- 
come facile  in  any  branch  of  laboratory  work. 

Widespread  acquaintance  with  the  rudiments  of  diagnosis  can  easily  l)e 
continued  and  enlarged  by  all  beginning  practitioners,  none  of  whom  should 
begin  without  a  laboratory  equipment  and  the  determination  to  enlarge  his  fund 
of  knowledge  and  experience,  of  observation  and  experiment,  besides  the  cul- 
tivation of  special  skill,  other  advantages  will  follow.  The  greatest  gain  will 
not  be  the  economic  one.  Far  greater  in  importance  will  be  the  earlier  diag- 
nosis in  its  prognostic  and  therapeutic  bearings,  and  perhaps  even  more  so,  the 
growtli  of  well-founded   confidence  on  the  jiart  of  the  physician. 

Laboratory  tests,  like  all  others,  are  often  needed  promptly,  ll  one  must 
wait  for  a  report  even  for  a  few  hours,  vital  time  may  be  lost.  So  the  trained 
physician  will  make  most  of  his  laboratory  examinations,  or  at  least  have 
them  made  in  his  office,  for  much  of  the  work  can  be  made  by  trained  assist- 
ants who  need  not  be  physicians.  Most  men  will  proltablv  wish  to  see  albumin 
tests,   urine   sediments,   sections   and   blood   smears,   as   they   will   prefer   to   sec 
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eruptions,  throats  and  eyegrounds,  to  percuss  and  auscult.  I5ut  they  need  not 
count  leucocytes,  nor  make  ordinary  titrations,  any  more  than  they  take  tem- 
peratures, because  such  details  can  safely  be  left  to  others  and  give  the  phy- 
sician time  for  work  that  he  can  do  better  than  others. 

But  the  laboratory  specialist  will  continue  to  have  a  field,  and  a  more 
important  and  interesting  field  than  ever  before.  Many  serologic  methods,  now 
so  necessary  in  practice,  can  be  carried  out  on  a  large  scale  as  well  as  on  a 
smaller  one.  Many  chemical  investigations  can  be  done  while  other  manipula- 
tions are  being  carried  out,  and  some  laboratory  workers  will  develop  special 
skill  that  may  be  invoked  at  times  just  as  do  many  ordinary  clinical  methods, 
and  this  skill  will  be  kept  up  and  increased  by  the  larger  material  that  comes 
to  the  specialist  in  any  line.  New  tests  will  often  be  referred  to  such  experts 
by  physicians  who  have  not  time  to  work  at  all  the  methods  proposed,  although 
the  young  physician  with  spare  time  will  often  spend  that  time  in  just  that  kind 
of  work,  knowing  that  all  such  experiences  have  a  training  value  comparable 
to  other  clinical  work.  It  may  even  have  a  relatively  greater  value,  unsuspected 
at  first,  as  in  the  case  of  the  X-ray  or  even  the  electro-cardiogram.  The  wide 
use  of  the  former  is  obvious,  the  need  of  the  latter  not  so  well  known.  In  the 
early  days  of  the  string  galvanometer  it  was  rather  widely  accepted  that  al- 
though useful,  indeed  indispensable  for  the  detection  of  certain  rare  cardiac 
anomalies,  its  function  would  for  a  long  time  be  limited  to  physiologic  re- 
search. It  soon  became  clear  that  although  the  field  for  research  is  still  large 
and  inviting,  the  instrument  is  capable  of  replacing  all  the  older  instruments 
used  for  making  objective  records  of  the  heart's  work,  and  surpasses  them  all 
in  the  light  it  throws  on  many  problems  of  cardiac  pathology.  Special  labora- 
tor}'  work  need  not  be  done  in  private  institutions.  Hospitals  have  in  the  past 
sadly  neglected  it,  but  they  are  rapidly  making  up  for  this  and  their  laboratory 
staffs  will  naturally  be  called  upon  to  do  many  of  the  special  examinations. 

With  a  general  acceptance  of  the  views  set  forth,  a  periodical  devoted  to 
laboratory  methods  must  have  a  field  as  large  as  that  of  even  the  most  gen- 
eral clinical  journal.  It  must  interest  and  be  necessar}'  to  the  general  prac- 
titioner as  well  as  to  the  special  laboratory  worker,  must  be  a  source  of  in- 
formation alike  to  those  who  do  the  work  and  those  who  have  others  do  it. 

At  such  a  time  one  who  has  long  been  working  in  the  laboratory  may 
be  permitted  certain  comments  on  contemporary  methods.  Such  common  neg- 
lects illustrate  the  incomplete  recognition  of  the  use  of  all  diagnostic  methods. 
Let  me  illustrate  this  with  two  examples.  At  a  certain  period  of  the  history  of 
medicine  it  was  believed  that  the  finding  of  elastic  tissue  in  sputum  was  a 
valuable  aid  in  the  diagnosis  of  pulmonar}'  tuberculosis,  at  that  time  recog- 
nized chiefly  in  its  later  stages  as  consumption.  After  the  discovery  of  the 
tubercle  bacillus  that  work  was  abandoned,  just  as  some  people  abandoned  phys- 
ical examination  of  the  lungs  after  the  discovery  of  X-rays,  and  sent  their  sus- 
pects to  X-ray  laboratories  without  so  much  as  a  glance  at  the  thorax.  But 
the  finding  of  elastic  tissue  has  a  distinct  and  special  value.  Without  regard 
to  its  rarity  in  processes  other  than  tuberculosis,  that  tissue,  usually  easy  to 
recognize,  is  readily  found  when  present,  and  indicates  with  absolute  certainty 
a  breaking  down  of  lung  tissue.  This  isolated  fact  should  be  of  a  value  com- 
parable to  that  furnished  by  the  thermometer  or  the  blood  counter,  and  should 
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therefore  be  bought  by  all  who  wish  to  have  accurate  knowledge  of  their  pa- 
tients. The  other  example  is  the  detection  of  myoidema.  This  also  was  once 
heralded  as  a  sign  of  consumption.  It  would  be  idle  to  consider  it  in  that  way 
now,  but  as  a  sign  of  a  peculiar  condition  not  yet  understood,  it  deserves  fur- 
ther attention  in  all  cases  in  which  it  occurs,  just  as  the  more  popular  skin  and 
serum  reactions.  One  can  often  see  the  necessity  of  learning  the  relative  im- 
portance of  diagnostic  methods  and  their  practical  application.  This  can  best 
be  done  by  criticallv  noting  one's  results,  but  some  fundamental  principles  may 
be  emphasized.  Examinations  should  be  as  complete  as  possible,  but  just  as 
one  cannot,  for  example,  note  the  details  of  hair  in  all  cases  witnout  the  dan- 
ger of  overlooking  something  more  important,  so  can  similar  things  happen  in 
laboratory  practice.  As  one  must  observe  the  hair  in  cases  of  possible  duct- 
less gland,  so  in  certain  cases  the  rarer  organic  compounds  in  the  urine 
must  be  worked  out.  But  more  than  once  I  have  known  men  to  make  quantita- 
tive tests  of  many  rare  urinary  elements  and  fail  to  note  a  pyuria  or  bacilluria. 
Certain  venerable  errors  should  cease.  An  interesting  book  might  be  written 
about  the  mistakes  in  the  microscopic  examination  of  stools.  There  are  some 
troublesome  elements  in  many  stools,  but  surely  the  noting  of  vegetable  tis- 
sues such  as  spiral  ducts  or  cereal  hairs  for  parasites  should  not  continue, 
tiow  that  all  medical  students  have  to  study  the  elements  of  biolog}'.  Among 
the  many  errors  in  this  respect  that  have  fallen  under  my  observation  one  of 
the  most  pathetic  and  remarkable  was  that  of  a  middle  aged  physician  whose 
life  was  made  miserable  for  years  by  the  diagnosis,  repeated  by  many  men 
in  various  parts  of  the  country,  of  spiral  ducts  for  hookworms. 

Another  common  error  in  laboratory  diagnosis  is  in  expecting  finality  when 
the  conditions  do  not  warrant  it.  One  still  sees  a  diagnosis  of  typhoid  rejected, 
and  inferior  treatment  carried  out  because  a  W'idal  test  is  negative.  This  is 
all  the  more  unfortunate  because  it  has  been  recognized  for  a  long  time  that 
the  ^\'idal  reaction  is  not  to  be  looked  upon  as  an  early  sign  of  typhoid.  JMany 
•other  negative  results  are  wrongly  assumed  to  be  final,  such  as  the  absence  of 
tubercle  bacilli  on  a  single  examination,  the  symptoms  continuing.  One  of  the 
great  advantages  of  laboratory  methods  is  that  having  certain  data  established, 
one  can  put  the  patient  on  a  physiologic  treatment  and  follow  up  the  progress 
•of  the  case  with  the  necessarv  laboratory  tests.  This  is  especially  true  of  some 
obscure  blood  disorders  and  is  applicable  to  many  cases  with  renal  alterations, 
while  in  glycosuria  it  finds  its  most  valuable  if  not  its  most  brilliant  field. 

Another  point  often  misunderstood  is  the  place  of  the  laboratory  test  in 
the  course  of  the  examination.  Following  many  formal  schemes  for  case  tak- 
ing, the  laboratory  work  is  usually  done  last,  though  if  specimens  are  available 
there  is  no  reason  why  they  should  not  lie  examined  at  once.  In  many  cases 
the  further  work  is  much  simplified  by  making  the  laboratory  examinations 
first.  If  positive,  the  rest  oi  the  examination  can  be  developed  on  more  ac- 
curate lines  than  otherwise:  if  negative,  that  information  is  utilized  so  far  as 
•conditions  warrant,  and  the  examination  proceeds  in  the  usual  way. 

Not  sa\  ing  of  time,  or  of  thought,  is  the  primarv  object  of  any  diagnostic 
method  of  value,  but  the  more  complete  and  accurate  knowledge  of  the  patient's 
condition.  The  fuller  and  more  exact  the  diagnostic  data,  the  more  certain  will 
he  the  treatment. 
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THE  effects  of  prolonged  administration  of  powdered  parathyroid  gland  are 
so  imperfectly  described  that  the  following  case  seems  worthy  of  note, — 
the  more  so.  as  it  possibly  sheds  light  on  the  clinical  manifestations  of  hyper- 
activity of  the  parathyroid  gland. 

A  middle-aged  married  woman  was  referred  to  me  more  than  two  years 
ago.     For  a  number  of  years  she  had  suffered  with  paralysis  agitans. 

There  was  nothing  of  importance  in  the  family  history  or  in  the  patient's 
past  history. 

The  present  illness  had  begun  insidiously  several  years  ago,  as  already 
stated.  Various  therapeutic  measures  had  been  tried  without  success.  Some 
twentv  months  before  the  patient  came  under  my  care,  fresh  parathyroid  gland 
of  the  ox  was  administered  daily  for  several  weeks.  Then,  about  eighteen 
months  before  I  saw  her,  this  was  discontinued,  and  she  was  given  Armour's 
powdered  parathyroid  gland,  grain  I,  in  capsules  thrice  daily.  Apparently,  there 
was  improvement  in  the  patient's  symptoms  for  some  months. 

After  eleven  or  twelve  months  of  parathyroid  extract  administration,  the 
patient  is  said  to  have  begun  to  fail.  However,  the  powdered  gland  was  con- 
tinued uninterruptedly,  until  she  came  under  my  care.  The  history  during  this 
time,  as  I  have  been  able  to  obtain  it,  is  unsatisfactory,  for  the  patient's  recol- 
lection of  recent  events  is  dim,  and  for  a  part  of  the  time  her  memory  is  a 
blank.     From  the  nurses'  bedside  chart,  the  greater  part  of  the  data  is  obtained. 

For  at  least  three  months,  the  patient's  mental  state  had  been  abnormal. 
She  was  oriented  in  regard  to  place  but  had  no  idea  of  time.  There  was  ap- 
parently great  indift'erence  to  surroundings;  she  took  little  or  no  interest  in 
what  happened.  She  usually  refused  to  answer  questions,  though  there  was  no 
interference  with  speech  or  hearing.  Her  memory  was  poor.  She  often  re- 
fused food  or  medicines ;  for  a  time  it  was  necessary  to  conceal  the  medicines 
in  the  nourishment.  When  the  patient  did  talk,  speech  was  often  incessant  for 
an  hour  or  more,  and  usually  what  she  said  was  irrational.  She  was  frequent- 
Iv  irritable  and  cross.  In  the  night,  especially,  she  was  apt  to  sing  for  an  hour 
or  so  at  a  time.  For  many  months  she  had  a  purposeless  habit  of  knocking  on 
the  wall. 

Auditory  hallucinations  were  present.     No  visual  hallucinations  were  noted. 

Insomnia  was  one  of  the  earliest  symptoms  to  make  its  appearance,  w^hen 
the  patient  began  to  fail.  It  is  impossible  to  give  any  definite  statements  pre- 
vious to  the  time  the  special  chart  was  begun.  For  three  months  the  amount 
of  sleep  the  patient  had  has  been  accurately  recorded  by  the  two  nurses  who 
were  constantly  with  her.  From  their  notes,  the  accompanying  chart  has  been 
made.  From  this  it  is  evident  that  the  patient's  sleep  never  amounted  to  as 
much  as  seven  hours,  except  the  first  day  charted.     On  this  occasion  the  patient 
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slept  only  three  hours  during  the  night,  but  had  five  hours'  broken  sleep  dur- 
ing the  d:\\.  The  longest  period  of  uninterrupted  sleep  the  patient  had  during 
the  first  two  months  charted  was  about  two  and  a  half  hours.  She  was  al- 
ways very  restless  and  wakeful. 

Motor  unrest  was  pronounced  at  times.  The  patient  would  toss  about  in 
the  bed,  pitching  her  body  and  tlirowing  arms  and  legs.  Because  of  this,  it 
was  necessary  to  have  someone  with  her  constantly,  to  prevent  the  patient's  fall- 
ing from  her  bed. 

For  three  months  or  more,  the  patient  urinated  and  defecated  in  bed. 
There  was  apparently  no  loss  of  sphincter  control,  as  subsequent  events  seemed 
to  show.  Rather,  the  patient  was  quite  indifferent  to  what  happened.  Her 
language  and  manner  were  at  times  coarse,  quite  at  variance  with  the  charm- 
ing, sensitive,  highly  refined  individual  she  proved  to  be. 

Much  of  the  time  the  patient  had  tachycardia,  the  pulse  being  between 
100  and  106,  weak  and  irregular,  as  recorded  on  her  chart.  The  blood  pressure 
was  not  measured  until  seventeen  days  after  discontinuing  parathyroid;  then  it 
was  120  m.m.  Hg.  systolic.  Menstruation  occurred  regularly  at  the  normal  in- 
terval of  time.     There  was  rather  marked  anorexia. 

At  my  first  visit,  I  found  the  patient  lying  in  bed  in  the  dorsal  position. 
vShe  seemed  quite  unconscious  of  those  about  her,  and  from  time  to  time  made 
brief  comments,  which  evidently  related  to  auditory  hallucinations. 

The  patient  was  well  nourished.  The  color  of  the  skin  and  mucous  mem- 
branes was  good.  There  was  no  enlargement  of  the  lymphatic  glands ;  the 
thyroid  gland  was  not  enlarged ;  there  was  no  thrill  or  murmur  over  it.  The 
pupils  were  equal  and  reacted  actively  to  light  and  accommodation.  The  patient 
refused  to  co-operate  in  attempts  to  test  the  extra-ocular  muscles.  The  tongue 
was  moist  and  clean,  the  teeth  in  fair  condition. 

The  limgs  were  clear  on  percussion  and  auscultation. 

The  heart  apex  was  neither  seen  nor  felt.  By  auscultation  the  sounds  were 
loudest  in  about  the  normal  position.  Relative  cardiac  dullness  was  not  in- 
creased. The  sounds  were  rather  weak  but  clear.  The  pulse  was  regular  in 
force  and  rhythm,  24  to  the  quarter  minute,  rather  small  in  \olume,  of  fair  ten- 
sion.    There  was  no  thickening  of  the  vessel  walls. 

The  abdomen  was  about  on  a  level  with  the  ribs.  Li\er  and  spleen  were 
not  felt;  by  percussion  neither  was  enlarged.  There  was  apparently  no  ten- 
derness on  palpation,  and  there  was  no  rigidity. 

There  was  a  small  bed  sore  over  the  sacrum. 

No  tremor  was  noted  in  the  extremities,  'i'he  tonus  of  the  muscles  was 
distinctly  increased. 

The  biceps  and  triceps  tendon  reflexes  were  present.  The  knee  jerks  were 
present  and  were  not  increased;  the  plantar  reflexes  were  normal.  There  was 
neither  patellar  nnr  ankle   clonus.     The  abdominal   reflexes  were   present. 

Sensation   could    not    be   tested    satisfactorily. 

During  the  course  of  the  examination  the  [)atient  defecated  in  bed.  She 
seemed  perfectly  unconscious  of  the  fact.  It  was  soon  evident,  however,  that 
the  passage  of  urine  and  feces  in  the  bed  wa^  not  due  to  loss  of  sphincter  con- 
trol— for  the  patient  asked  for  the  commode  at  times  and  used  it, — Inil  rather 
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to  her  mental  state.  Urine  was  normal.  The  bhjod  was  also  ncgatixe.  A  dif- 
ferential count  was  made ;  it  was  normal.     The  record  was  unfortunately  lost. 

Within  two  days  after  my  first  visit,  parathyroid  gland  was  discontinued, 
and  the  patient  was  given  tincture  of  nux  vomica  before  meals,  veronal  and 
cold  sheet  packs  at  night.  The  second  night,  after  discontinuing  parathyroid 
gland  extract,  the  patient  slept  seven  and  a  half  hours  with  the  aid  of  7y2  grains 
of  veronal.  This  was  the  best  night's  sleep  she  had  had  since  the  bedside  chart 
was  begun  three  months  previously.  Within  a  week,  involuntary  defecation 
ceased  entirely,  and  after  two  weeks,  the  patient  no  longer  voided  urine  in 
bed.  The  tenth  day  after  opotherapy  was  stopped,  the  patient  slept  two  and  a 
half  hours  during  the  day  and  seven  and  a  half  hours  during  the  night  without 
veronal,  which  was  then  discontinued.  In  the  two  years  which  have  elapsed 
since  then,  she  has  slept  well  and  has  rarely  required  drugs.  The  bed  sore 
healed  promptly. 

For  about  two  months  after  parathyroid  extract  was   stopped,  the  patient 
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Chart    showing   the    amount    of    sleep   daily. 

remained  abnormal  mentally,  though  she  showed  steady  improvement.  She  was 
very  willful  and  obstinate  and  insisted  on  having  her  demands  granted.  She 
often  exhibited  childish  retaliation  when  not  allowed  to  have  her  way. 

Seventeen  days  after  parathyroid  extract  was  withdrawn,  the  patient  was 
wakened  from  sleep  by  a  convulsion  of  short  duration,  which  involved  chiefly 
the  flexors  of  the  extremities,  the  nurse  reported.  It  lasted  only  a  few  seconds. 
A  more  accurate  description  could  not  be  obtained.  The  next  morning  when 
I  saw  the  patient,  physical  examination  showed  nothing  more  than  previously. 
Thinking  that  the  convulsion  might  possibly  have  been  due  to  the  discontinua- 
tion of  the  parathyroid  gland.  Trousseau's  and  Chvostek's  signs  were  tried;  each 
was  negative.  Nevertheless,  the  patient  was  put  on  calcium  lactate  and  was 
given  one  grain  of  Armour's  parathyroid  gland  substance  every  third  day. 
There  has  been  no  recurrence  of  the  convulsion. 

T4ie  mental  condition  of  the  patient  finally  became  normal,  nearly  three 
months  after  parathyroid  was  stopped.  She  said  she  had  no  recollection  of 
events  for  six  months,  including  the  first  two  months  of  her  convalescence. 

The  tremor  became  more  pronounced  ten  days  after  stopping  parathyroid 
gland  substance  and  has  remained  so. 


Prolonged  Administration   of  Parathyroid   Gland  29 

The  evidence  points  strongly  to  the  view  that  the  symptoms  narrated  above 
were  due  to  the  powdered  parathyroid  gland  which  the  patient  received  for 
eighteen  months.  The  promptness  with  which  recovery  began  after  the  gland 
was  withdrawn  is  suggestive.  Furthermore,  in  the  text-books  which  I  have 
consulted  on  Parkinson's  disease,  I  have  been  unable  to  find  a  description  of 
symptoms  similar  to  those  my  patient  suffered  from ;  it  is  certainly  not  a  usual 
complication  of  the  disease. 

The  dosage  of  parathyroid  gland  is  very  indefinite.  I  have  been  able  to 
find  practically  nothing  in  the  literature.  It  would  seem,  however,  that  my 
patient  received  liberal  quantities,  for  she  was  given  one  grain  of  the  powdered 
parathyroid  gland  (Armour's)  three  times  a  day.  This  is  so  prepared  that 
one  grain  of  the  powdered  gland  is  equivalent  to  six  grains  of  the  fresh  gland. 
\Mien  one  recalls  that  the  total  weight  of  the  four  fresh  parathyroid  glands,  in 
man,  is  usually  0.14  gram,  according  to  Thompson,^  it  would  seem  that  the  equiva- 
lent of  18  grains  or  1.2  gm.  of  fresh  ox  parathyroid  per  diem  would  be  an  over- 


The    arrow    indicates    the    day    on    whicli     parathyroid    administration     was    discontinued. 

dose.  Indeed,  it  seems  surprising  tliat  unpleasant  symptoms  did  not  occur 
sooner  after  beginning  the  treatment. 

A  description  of  toxic  eft'ects  from  the  administration  of  parath3-roid  gland, 
I  have  been  unable  to  find  in  tlie  literature.  Berkeley-  refers  to  it  very  briofiy 
in  discussing  the  treatment  of  paralysis  agitans  with  parathyroitl  nucleo-proteid, 
prepared  according  to  Pjcebe's  method.  He  says.  "I  have  had  Init  one  or  two 
patients  out  of  the  hundred  or  more  in  my  own  care  who  realh'  liad  an  iditisvn- 
crasy  for  ox-parath}roid.  These  could  not  take  it  in  any  form  or  dose  without 
such  disagreeable  by-effects — 'nervousness'  and  insomnia— that  it  was  inii")rac- 
ticable  to  continue  the  medication."'  lirief  though  it  is.  this  would  >eeni  to 
have  an  important  bearing  on  the  case  reported  abo\e.  in  which  insomnia  was 
so  striking. 

SaKiob  and  Carraro,'  in  an  experimental  study  of  the  effect  of  watery  ex- 
tracts ot  o\-parath\roi;I  gland  on  the  circulation,  reported  a  fall  in  blool  ])res- 
sure  following  intra\'enous  injections,  which  was  not  due  to  local  action  on 
the  vessel  wall,  nor  was  it  from  action  on  the  \asoinoior  center,  'i'hey  con- 
cluded that  parathyroid  extract  acts  as  a  jioi^on  on  the  heart  muscle,  whose 
strength    it   lessens.      This   observation    may    jxtssibh    throw    some   light    on    my 
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case.  During  the  height  of  the  sup[)Osed  toxic  symptoms,  in  addition  to  the 
moderate  tachycardia  already  noted,  there  are  frequent  entries  on  tlie  bedside 
chart  describing  the  pulse  as  "weak"  or  as  "irregular."  The  pulse  was  small 
and  weak,  but  I  was  unable  to  detect  any  irregularity,  though  it  must  be  re- 
called that  the  patient  received  the  extract  less  than  two  days  after  1  first  saw 
her. 

As  the  symptoms  from  which  the  patient  suffered  were  chiefly  mental,  it 
is  impossible  to  reproduce  the  condition  in  experimental  animals.  Similar  ex- 
periments in  man  are,  of  course,  not  to  Ijc  considered.  As  a  result,  the  inter- 
pretation of  the  case,  as  I  have  outlined  it.  must  remain  in  doubt  for  the  pres- 
ent, at  least.  It  seems  possible,  however,  that  somewhat  similar  clinical  syn- 
dromes rnay  eventually  lie  found  to  be  due  to  overactivity  of  the  parathyroid 
glands, — in  other  words,  to  hyperparathyroidism.  Should  such  prove  to  be  the 
case,  it  would  lend  support  to  the  supposed  toxic  origin  of  the  symptoms  in  my 
patient. 

It  is  a  verv  great  pleasure  to  acknowledge  with  sincere  thanks  my  in- 
debtedness to  Dr.  \\\  S.  Halsted  of  Baltimore  for  his  generous  assistance  to 
me  in  searching  the  literature. 
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PRECANCEROUS   CONDITIONS   OF  THE   SKIN 


Bv  Martix  F.  Exgman,  ^I.D.,   St.  Louis,   Mo. 


HISTOLOGICAL,  investigation  of  all  precancerous  conditions  points  to  pri- 
mary or  preliminary  changes  in  the  corium  and  its  vessels  before  there 
i.s  any  ob^'ious  proliferation  and  downgrowth  of  the  epithelium.  These  prelimi- 
nary changes  in  the  cutis  seem  to  be  brought  about  by  various  clmical  factors 
which  may  be  divided  for  study  as  follows:  (1)  Senility;  [2)  Actinism;  (3) 
Chemical  trauma;   (4)   Mechanical  trauma;   (5)   Chronic  inflammatory  diseases. 

1.  Senility. — Little  is  known  of  the  anatomical  and  chemical  changes  co- 
incident in  the  senile  skin.  Xo  standard  has  been  established  as  to  what  should 
be  considered  senility  of  the  skin.  Both  the  microscopic  and  macroscopic  ap- 
pearance depend  so  much  upon  external  and  internal  conditions  that  it  is  al- 
most impossible  to  establish  such  a  standard  without  numerous  controls  m  its 
study.  In  fact,  senility  is  such  a  broad  term  and  includes  so  many  conditions 
that  are  taken  for  granted,  as  being  due  to  the  natural  wear  and  tear  of  life, 
ihat  it  is  probable  that  many  at  present  unknown  remediable  conditions  are  in- 
cluded in  this  process.  Senile  changes  in  the  body  may  begin  at  any  age,  but 
they  are  particularly  early  in  those  whose  mode  of  life  subjects  them  to  ex- 
posure to  the  elements  and  whose  subsistence  is  obtained  by  hard  toil. 

The  physical  changes  of  senility  are  probably  first  obser\ed  in  the  exposed 
parts,  particularly  upon  the  face  and  hands.  The  progress  of  the  change  is 
somewhat  diiTerent  in  the  two  locations.  The  first  changes  occur  on  the  backs 
of  the  hands  in  the  form  of  unnatural  freckles,  the  earliest  sign  being  the  per- 
sistencv  of  freckles  upon  the  forearm  and  hand.  In  those  in  whom  senility  is 
beginning,  the  freckles  persist  from  one  season  to  another;  they  are  larger  than 
those  usually  seen  in  youth  and  are  of  a  deeper  color.  Upon  the  backs  of  the 
hands  only  a  few  may  persist  and  become  organized,  as  it  were, — that  is,  they 
become  slightly  raised  above  the  surface  of  the  skin  in  the  form  of  flat  papular 
lesions  which  may  be  smooth  or  be  covered  with  horny  or  friable  scales.  In 
the  beginning  of  senility,  such  scaly  lesions  generally  undergo  involution,  but 
later  they  are  more  persistent  and  remain  for  a  longer  period  of  time.  As  years 
progress,  they  become  still  more  permanent  and  may  develop  into  wart-like  ex- 
crescences, or  remain  as  flat  scaly  lesions  which  extend  peripherally  to  various 
dimensions ;  not  infrequently  they  degenerate  into  carcinoma.  Some  of  them 
become  deeply  pigmented^  and  are  seen  upon  the  hands  as  very  dark  or  brown- 
ish scaly  plaques  or  warty  growths.  Coincident  with  or  preceding  the  pig- 
mentation and  the  formation  of  the  warty  or  scaly  plaques,  atrophy  begins  in 
t!ie  skin  and  its  a])pendages.  As  the  process  develops  a  change  in  the  pigmenta- 
tion and  character  of  the  skin  occurs  over  tlic  whole  surface  of  the  back  of 
the  hands;  the  skin  becomes  yellow  and  wrinkled,  and  when  taken  l)etween  the 
fingers,  seems  to  be  almost  as  thin  as  tissue  paper;  the  blood  vessels  showing 
through   as  if  the  skin  was  almost  translucent.     Cheattle.-   quoted   l)y  Crocker, 

'I'he    Precanccidus    Melanoses    of    Diibreuilli. 

"Cheattle:      Allhiitt's    System    of    Medicine,    veil.    Ix,    \\    61J. 
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refers  to  this  condition  as  "biotripsis"  or  "life  wear,"  and  althouf,'h  he  states 
the  condition  is  due  to  exposure,  yet  it  may  be  seen  in  aged  individuals  who 
have  not  been  exposed  to  the  elements. 

Senile  changes  of  the  skin  of  the  face  make  their  appearance  later  than 
those  upon  the  hands.  They  are  introduced  by  some  wrinkling  and  change  of 
contour  about  the  angles  of  the  lower  jaw,  which  progress  upward  over  the 
face.  An  erythematous  blush  over  the  seborrheic  areas  sometimes  occurs  quite 
early,  followed  by  pigmentary  deposits,  particularly  over  this  region  and  near 
the  hair  line.  The  pigmentation  occurs  as  dark  or  yellowish  deposits ;  some  of 
them  seem  to  be  buried  deeply  in  the  skin  as  black  or  yellow  plaques.  These 
dark,  pigmentary  lesions  occur  most  frequently  about  the  temporal  regions  and 
over  the  cheeks. 

Independent  of  the  pigmentary  change,  greasy,  scaly  plaques  occur  over 
the  seborrheic  areas  of  the  face  and  chest,  in  the  form  of  wart-like  growths  or 
horny  projections,  in  which  the  scales  may  be  friable,  greasy  and  yellow,  or 
of  a  dirty  blackish  color,  and  are  easily  removed  with  the  curette,  ^^'hen  the 
horny  or  friable  scales  are  removed  from  these  lesions  a  bleeding  surface  is 
exposed,  covered  at  its  edges  with  a  soft  necrotic  material  which  is  easily 
scooped  out.  Such  lesions  are  called  keratosis  senilis,  verruca  senilis,  or  sebor- 
rheic warts,  and  are  very  frequently  the  site  of  malignancy.  P'ollowing  the 
pigmentary  and  keratotic  changes,  atrophic  spots  soon  supervene.  They  oc- 
cur most  frequently  about  the  sides  of  the  cheeks  and  the  lower  lids,  and  are 
often  the  cause  of  ectropion.  Telangiectases  and  njevus-like  lesions  soon  ap- 
pear, following  atrophy,  and  even  before  the  atrophic  changes  are  marked, 
they  may  be  scattered  irregularly  over  the  seborrheic  areas  of  the  face  and 
chest.  Therefore,  in  the  more  marked  cases,  senility  seems  to  give  the  pa- 
tient almost  the  appearance  of  one  suffering  from  xeroderma  pigmentosum. 

Senile  changes  progress  more  slowly  upon  the  covered  portions  of  the 
skin,  but  frequently  there  are  found  upon  the  back  and  chest,  senile  warts  in 
great  numbers,  which  usually  attain  to  a  larger  size  than  they  do  upon  the  ex- 
posed portions ;  many  of  them  having  the  clinical  appearance  of  nsevi,  and  in 
many  instances  late  appearing  cell  rests.  In  individuals  whose  occupation  con- 
>tantly  exposes  them  to  the  strong  sunlight  and  the  action  of  the  elements,  sen- 
ility begins  earlier  in  the  skin  and  is  quite  marked  in  all  of  its  various  clinical 
manifestations,  and  therefore  in  these  individuals  in  whom  such  active  changes 
are  progressing  carcinoma  is  more  prevalent.  Unna  has  given  the  name  "sail- 
or's skin"  to  those  senile  changes  apparently  induced  by  exposure  to  the  ele- 
ments, as  he  observed  them  most  frequently  in  those  w'hose  life  was  spent  upon 
the  sea.  Similar  peculiar  changes  in  the  skin  are  seen  in  cab  drivers,  farmers, 
laborers,  and  others  whose  history  shows  exposure  to  outdoor  influences. 

Senile  and  pigmentary  changes  occur  in  all  individuals  coincident  with  old 
age,  no  matter  whether  they  have  been  exposed  to  the  elements  or  have  led 
sedentary  lives.  In  the  latter,  these  manifestations  occur  much  later  in  life  than 
in  those  who  have  been  exposed  to  the  weather.  It  is  well  known  that  in  all 
scaly  conditions  upon  the  senile  skin,  independent  of  the  cause,  there  is  a  marked 
tendency  to  malignant  infiltration  by  the  epidermis. 

The  histological  study  of  the  senile  skin  is  interesting,  especially  when  one 
uses  the  tinctorial  dyes  of  Unna,  which  demonstrate  conclusively  early  degenera- 
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lions  in  both  the  connective  and  the  elastic  tissue  elements.  The  beginning  of 
senility  of  the  skin  can  be  demonstrated  by  a  change  from  the  normal  reaction 
of  these  tissues  to  these,  dyes. ^  There  is,  likewise,  a  progressive  atrophy  of  all 
the  elements  of  the  skin  and  its  appendages,  which  accounts  for  the  falling  of 
the  hair,  the  dryness  of  the  skin's  surface,  and  its  curious  wrinkled,  yellowish 
appearance.  Nutritional  disturbances  occur  early  in  the  process,  no  doubt  due 
to  degenerative  changes  in  the  cutaneous  vessels,  and  it  is  very  probable  that 
if  histologically  examinations  were  properly  controlled,  the  vessel  change  could 
be  demonstrated  to  be  the  forerunner  of  the  nutritional  and  degenerative  proc- 
esses in  the  skin.  If  one  of  the  small  keratotic  lesions  be  neucleated  and  exam- 
ined microscopically  it  would  be  found  to  consist  of  an  increase  of  perakeravotic 
cells  which  force  themselves  downward  into  the  cutis,  dipping  with  finger-like 
downgrowths  between  the  papillae  of  the  corium.  The  lesions  are  not  inflam- 
matory, but  there  is  a  certain  amount  of  round  cell  infiltration  about  the  in- 
vading epithelium.  The  upper  epithelial  portion  of  some  of  them  is  quite  horny, 
giving  them  the  clinical  appearance  of  warts,  while  in  others,  the  outer  cells  are 
parakeratotic,  retaining  their  nucleus  and  sponginess,  therefore  forming  a  more 
friable  and  scaly  surface.  In  the  latter  type,  the  scales  are  usually  more  or  less 
greasy,  containing  more  oil,  giving  to  the  surface  a  greasy,  seborrheic  element, 
which  is  no  doubt  due  to  the  atypical,  physiologic  cycle  of  the  parakeratotic 
cells.  Such  lesions  may  start  from  a  small  point  and  increase  their  dimensions 
by  peripheral  extension  into  rather  large,  scaly  plaques  or  wart-like  excrescences. 
It  is  \ery  suggestive  to  watch  the  development  of  these  lesions  from  the  smaller 
types  to  the  larger,  so  much  so,  that  one  feels  secure  in  assuming  that  this  is 
the  earliest  stage  of  malignancy ;  and  it  does  not  seem  to  be  a  great  step,  mor- 
phologically, between  the  invading  peculiarly  changed  epithelium  of  a  sebor- 
rheic wart  and  the  malignant  process  that  has  seemingly  sprung  from  it ;  but 
biologically,  it  is  a  chasm,  as  we  have  still  to  determine  what  is  the  element  or 
elements  which  cause  these  invading  cells  to  infiltrate. 

Only  in  comparatively  few  of  the  invading  warty  lesions  does  malignancy 
occur,  and  in  this  respect  we  are  in  the  same  position  as  Cohnheim,  when  he 
looked  about  for  a  stimulus  to  explain  the  malignant  step  that  occurs  in  his 
"embr}^onic  rests."  In  fact,  Pollitzer  and  Unna  believe  seborrheic  warts  to  be 
onlv  "seborrheically  degenerated,  soft  nsevi."  Downgrowth  of  epithelmm  does 
not  mean  a  beginning  of  epitheliomata,  as  one  would  seem  to  gather  from  mor- 
phologic studies  by  various  writers  upon  this  subject.  The  various  anatomical 
changes  produced  b\-  the  invasion  of  such  proliferating  epithelial  cells,  as  one 
finds  in  all  such  growths,  are  accidental  in  many  of  their  phases,  as  such  a  mass 
of  cells  may  invade  the  mouths  of  follicles  and  push  aside  certain  elements  of 
the  cutis,  causing  certain  reactionary  inflammatory  changes.  Histological  evi- 
dence docs  not  disclose  the  vital  step  that  has  occurred  biologically  in  these 
growing  cells;  the  agent  that  has  caused  them  to  infiltrate  and  destroy  the  sur- 
rounding tissue.  In  many  of  the  non-malignant  downgrowths  of  the  epidermis. 
line  mav  find  nests  of  cells  which  attempt  to  physiologically  functionate  and 
lorm  whorls,  but  even  this  does  not  signify  that  they  are  malignant.  And  the 
same  peculiar  clumping  of  the  chromatin,  changes  in  the  cell-walls,  atypical  mi- 

='HimmeI:      Arch.    f.    Derm.    u.    Sypli.,    19(i3.    p.    47. 

'Krcibech    (Arcli.    f.    Derm.    u.    Sypli.,    1903,    p.    3J5)    found    fatty    degeneration    of    elastic    fibres    sim- 
ilar  to   that   found   in   arteriosclerosis. 
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loses  and  the  various  other  morphological  microscopic  features  which  arc  said 
lo  be  significant  of  precancerous  change  arc  also  found,  even  more  frequently, 
in  other  pathological  conditions  of  the  skin  which  rarely  if  ever  becomes  can- 
cerous. 

2.  Actijiism. — Light  is  supposed  to  cause  the  change  in  the  skin  seen  in 
xeroderma  pigmentosum,  and  we  know  that  the  X-ray  causes  certain  changes 
in  the  skin  similar  to  those  seen  in  that  disease.  We  have  also  seen  that  the 
senile  skin  is  similar  in  its  clinical  manifestations  to  xeroderma  pigmentosum, 
therefore,  it  is  safe  to  assume  that  the  ultra-violet  rays  of  the  solar  spectrum 
have  mucli  to  do  with  the  production  of  the  senile  skin  in  certain  individuals. 
!t  may  be  possible  that  such  rays  activate  some  element  in  the  skin  which 
through  its  influence  causes  these  degenerative  and  atrophic  changes.  15ut  if 
this  be  due  to  chemical  change  induced  by  light,  it  is  only  in  certain  individuals 
that  it  occurs.  Xeroderma  pigmentosum  is  a  pre-senile  condition  and  may  oc- 
cur at  any  age ;  but  unfortunately  we  do  not  know  the  active  underlying  factors, 
merely  the  physical  changes  which  mark  the  progress  of  the  process  by  the 
production  of  pigmentation,  which  is,  no  doubt,  an  effort  of  nature  to  protect 
the  more  delicate  elements  of  the  skin  from  the  light  rays.  The  dark  skin 
of  people  of  the  tropics  suggests  this,  and  therefore  when  we  see  pigmentation 
following  such  exposure  to  light,  we  naturally  assume  that  the  pigmentation  is 
formed  in  an  effort  to  protect.  Unna  believes  that  such  superabundance  of  pig- 
ment acts  pathologically  upon  the  skin,  which  may  be  true  and  explanatory  of 
some  of  the  changes  induced  in  this  class  of  diseases.  The  skin  of  one  who 
is  suffering  from  the  sequellse  of  repeated  attacks  of  X-ray  dermatitis  is  sim- 
ilar in  its  clinical  symptoms  to  xeroderma  pigmentosum  and  to  the  skin  of  the 
very  aged  in  whom  pigmentation,  keratosis,  and  atrophy  are  quite  marked. 
Hyde  and  various  other  writers  wish  to  attribute  to  the  actinic  rays  of  the 
solar  spectrum  a  marked  pathogenicity  in  the  production  of  carcinomata  of  the 
skin.  They  assume  that  it  is  only  in  a  certain  hypersensitive  proportion  of  in- 
dividuals in  whom  this  action  occurs:  "Pigmentation,  telangiectasis,  atrophy, 
keratosis,  and  cancerosis  of  the  skin  occur  in  adults  much  more  frequently  than 
in  childhood,  reaction  to  the  play  of  actinic  rays  of  light  upon  the  surface  being 
generally  determined  after  the  middle  periods  of  life  have  been  reached."    (Hyde.) 

3.  Chemical  Trauma. — In  certain  individuals,  whose  occupation  exposes 
them  to  the  irritating  influence  of  certam  chemicals,  there  occur  inflammatory 
conditions  of  the  skin  which  are  frequently  followed  by  malignant  change. 
Chief  among  these  is  the  so-called  "chimney  sweep  cancer"  which  occurs  most 
frequently  upon  the  scrotum,  induced  by  certain  elements  in  the  soot,  which 
constantly  irritate  the  skin.  Schamberg  has  suggested  that  this  may  be  due 
to  an  actinic  principle  contained  in  the  soot.  The  so-called  "kangri"  carcinoma 
occurs  in  the  natives  of  Kashmir  who  wear  a  small  earthenware  stove,  called  a 
"kangri,"  attached  to  a  belt  beneath  their  clothing :  the  heat  or  friction  from 
this  stove  irritates  the  skin  and  causes  a  chronic  dermatitis,  which  in  many  in- 
stances ends  in  cancer.  Analine  workers  and  those  who  work  in  paraffin,  tar, 
pitch-blend,  and  various  chemicals  which  cause  irritation  of  the  skin,  are  sub- 
ject to  chronic  dermatitis  and  wart-like  growths,  which  frequently  develop  in- 
to carcinoma.     Arsenic  when  taken  over  long  periods  or  accidentally  absorbed 
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into  the  system  over  long  periods  produces  a  hyperkeratosis  and  pigmentation 
of  the  palms  and  soles,  which  not  infrequently  develops  into  malignant  infiltra- 
tion. 

4.  Mechanical  Trauma. — Mechanical  trauma  also  mav  produce  changes 
in  the  skin  at  the  point  of  continuous  irritation  sufficient  to  induce  malignant 
infiltration  of  the  epidermis.  We  see  this  on  the  lip  as  the  result  of  constant 
irritation  by  pipe  stems  and  cigars,  and  in  the  mouth  from  the  irritation  of  the 
hot  smoke  striking  continually  upon  the  same  point ;  also  in  the  betel  nut  chew- 
ers  in  Africa,  particularly  in  the  women,  who  rest  the  nut  against  the  side  of 
the  cheek.  A  similar  condition  is  caused  by  the  tobacco  plug  in  tobacco  chew- 
ers.  Various  other  sources  of  trauma,  such  as  ill-fitting  dental  plates,  especially 
in  certain  occupations  in  which  constant  irritation  causes  chronic  dermatitis, 
frequently  determine  the  site  of  malignant  change,  as  pointed  out  by  A\'olbach 
in  cattle,  in  which  traction  is  made  over  the  horn  by  a  rope,  causing  at  the  point 
of  constant  irritation  an  inflammatory  area  which  is  followed  by  carcinoma. 

5.  Chronic  Infiamniatory  Diseases. — In  fact,  all  of  the  precancerous 
conditions  present  in  the  beginning,  chronic  inflammatory  changes  in  the 
cvitis,  but  what  we  wish  to  call  attention  to  under  this  heading  is  the  carcinoma- 
tous change  which  not  infrequently  occurs  in  the  chronic  ulcerations  of  syphilis 
and  tuberculosis,  in  old  patches  of  psoriasis,  lupus  erythematosis,  lupus  vulgaris, 
chronic  ulcers  of  the  leg.  in  Darier's  disease  (W'ende),  in  old  irritated,  hyper- 
trophic scars,  burns,  and  in  various  other  chronic  inflammatory  diseases  of  the 
skin.  In  fact,  one  must  realize  that  in  every  one  past  middle  life  or  even  earlier, 
malignant  change  may  occur  in  patches  of  skin  that  have  been  subjected  to  pro- 
longed irritation  from  inflammatory  processes,  no  matter  what  may  have  been 
the  source  or  cause  of  the  inflammation.  Leucoplakia  of  the  tongue  or  mucoui> 
membranes  of  the  mouth,  inflamed  tonsils,  various  keratoses  of  the  tongue  and 
mucous  membranes  of  the  mouth,  or  chronically  inflamed  teeth,  at  points  of  ir- 
ritation from  badly  fitting  dental  plates,  are  frequently  sites  of  malignant  change. 
Therefore,  in  such  chronically  inflamed  patches  one  must  be  on  the  lookout 
for  pearly  epithelial  borders,  for  dark  greenish  crusts,  for  the  heaping  up  of 
epithelial  cells  on  the  surface,  for  increased  infiltration,  for  beginning  ulcera- 
tions in  patches  that  were  formerly  not  ulcerated,  together  with  some  infiltra- 
tion and  pearly  condition  of  the  border,  as  these  symptoms  are  indicative  of 
malignant  infiltration. 

******* 

The  study  of  precancerous  conditions  just  gi\en  conforms  suggcsii\e!y  to 
the  theory  of  Ribbert.  All  of  them  give  microsco[)ic  and  clinical  evidences  of 
long  continued  disturbance  of  the  cutis  (the  connective  tissue),  the  supporting 
framework  of  the  skin,  accompanied  by  \arious  forms  of  abnormal  cornifica- 
tion,  parakeratosis  and  less  frequently  hyperkeratosis  w  iili  jieculiar  changes  in 
the  nuclear  body,  chromatin  and  cell  wall,  so  called  degencratixo  ju-ocesses. 

Willi  W'olbach.  we  cannoi  hcl]i  leaning  in  these  instances  to  the  theorv  of 
von  Hansemann,  who  believes  that  "the  tumor  cell  is  one  that  has  suffered  mod- 
ification, characterized  by  a  loss  of  the  i)ower  of  differentiation  and  the  ac- 
quisition of  increased  powers  of  growth."  In  all  of  the  instances  (->f  carci- 
nomatous change  occurring  in   inflammatory  conditions,    the    irritation    or    in- 
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flammation  has  preceded  the  mahgnant  chanj^c  by  a  numher  of  years.  In  oiiier 
words,  it  seems  necessary  before  malignant  change  occurs  in  iliese  instances,  to 
liave  a  prolonged  disturbance  in  the  Hfe-cycle  of  the  cells  of  the  part  or  site, 
where  malignancy  occurs.  Here  is  where  Ribbert's  theory  is  somewhat  ap- 
plicable: a  disturbance  of  the  physiological  functions. of  the  epithelium  induced 
by  the  prolonged  change  in  their  cycle  of  growth  preceded  or  followed  by  snar- 
ing ofif  of  a  portion  of  the  invading  interpapillary  pegs  by  the  connective  tis- 
sue. At  this  time  the  cancer  may  be  considered  "to  be  a  parasitic  individual  en- 
grafted on  a  normal  individual,"  and  that  they  are  produced  by  the  conjuga- 
tion of  cells  in  a  "way  anomalous  to  the  conjugation  of  .sexual  cells  which  pro- 
duce a  normal  individual."  (Nichols.)^'  It  is  interesting  to  note  here  that  car- 
cinoma has  been  produced  in  a  rat  by  prolonged  X-ray  exposure,  which  is  pos- 
sibly the  only  experimentally  produced  carcinoma  on  record.  W'olbach  in  the 
study  of  X-ray  cancer  maintains  that  the  acquisition  of  malignant  powers  is 
only  completed  during  years  of  active  proliferation,  accompanied  by  progressive 
impairment  of  nutrition,  as  all  of  the  carcinomata  occurring  in  X-ray  der- 
matitis supervene  only  after  the  dermatitis  or  inHammatory  process  has  existed 
for  years. 

It  is  curious  to  note  that  in  \\  olbach's  investigations,  possibly  the  earliest 
changes  seem  to  occur  in  and  about  the  cutaneous  vessels,  which  is  the  case 
in  all  precancerous  conditions.  There  is  in  all  of  them  early  evidence  of  nutri- 
tional change,  which  probably  disturbs  the  physiological  function  and  the  life 
cycle,  of  tirst.  the  connective  tissue  cells,  followed  much  later  by  those  of  the 
epidermis — a  tissue  composed  of  cells  of  a  higher  type,  v.hose  functions  are 
physiologically  much  more  highly  differentiated  and  whose  biological  character- 
istics render  them  more  susceptible  to  all  forms  of  irritation.  They  are  there- 
fore more  easily  sensitized  to  chemical  and  mechanical  influences,  as  is  demon- 
strated by  the  various  peculiar  epithelial  reactions  to  external  and  internal  stim- 
uli seen  in  many  non-malignant  and  malignant  diseases  of  the  skin.  The  bio- 
chemistry of  all  cells  is  greatly  influenced  by  environmental  conditions ;  there- 
fore, the  epithelium  of  the  exposed  portions  of  the  skin  and  mouth  are  con- 
stantly subjected  to  these  influences,  which  may  explain  the  great  frequency  of 
cancer  in  exposed  locations. 

Constant  interference  in  the  normal  metabolism  and  physiological  func- 
tions of  a  cell  will  ultimately  produce  a  cell  physiologically  and  sexually  atypi- 
cal, which  seems  to  be  characteristic  of  the  cancer  cell  when  compared  to  the 
normal  kindred  cell  of  its  kind.  This  is  what  probably  occurs  in  all  the  pre- 
cancerous processes,  and  has  given  to  them  the  descriptive  title  of  "Precan- 
cerous Keratoses." 

Precancerous  Keratoses.'^ — Under  this  term  we  have  classed  all  of  the 
above  mentioned  clinical  conditions  which  seem  to  be  followed  in  rare  instances 
by  certain  distinct  and  definite  morphological  changes  in  the  epithelial  cells. 

The  precancerous  keratoses  occur  so  frequently  after  or  are  coincident  with 

"For  theory  of  Farmer,  Moore  and  Walker  and  an  excellent  work  on  '"Tissue  and  Its  Relation 
to    Cancer,"    see   Nichols    (Jour.    Med.    Research,    Jan.,    1905). 

"It  is  interesting  here  to  note  that  according  to  the  researches  of  Kreibech  (Arch,  fuer  Derm, 
und  Syph.,  vol.  cxvll,  Xo.  3),  the  melanoblast  of  Ehrman  or  chromatophore  of  Ribbert,  the  cells  re- 
sponsible for  the  melanotic  pigment  of  the  skin,  are  derived  from  the  epithelial  cells  which  have  al- 
tered their  morphological  and  physiological  characters  on  the  impulse  of  some  stimuli.  He  believes 
that  any  epithelial  cell  may  become  a  melanoblast  and  that  it  is  identical  with  the  n:evus  cell  and  the 
cell   of   the  melanoma   and   possibly   Paget's   disease. 
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these  conditions  that  they  must  be,  at  present  at  least,  accepted  as  etiological 
factors,  yet  their  exact  causative  relationship  or  influence  in  this  respect  is 
not  known.  However,  we  have  the  so-called  precancerous  changes  occurrmg 
in  the  epidermis  and  producing  distinct  objective  clinical  entities  without  any 
apparent  local  contributing  etiological  factors.  The  principal  member  of  this 
group  is  the  clinical  condition  known  in  literature  as  Paget's  disease. 

Paget' s  Disease  {malignant  papillary  dermatitis). — There  are  several  types 
of  this  peculiar  disease  which  shade  gradually  into  one  another.  Sir  James 
Paget  was  the  first  to  describe  the  condition.  As  his  cases  occurred  about  ih.c 
nipple  region,  a  similar  process  in  any  other  portion  of  the  body  caused  some 
confusion  in  the  proper  understanding  of  the  process.  Since  Sir  James  Paget's 
original  description,  many  instances  of  the  disease  have  been  reported  as  occur- 
ring in  various  other  parts  of  the  body :  the  lip,  vulva,  penis,  umbilicus,  but- 
tocks, chest  and  back.  In  my  experience  the  midsternal,  shoulders  and  back 
are  equally  as  frequent  locations  as  the  breasts. 

Clinically,  the  disease  may  be  divided  into  a  mammary  type  and  an  extra- 
mammary  type.  The  clinical  appearance  and  course  differ  somewhat  in  the 
two  locations ;  also  the  histological  features  to  a  certain  degree. 

Mammary  Type  of  Paget's  Disease. — It  is  extremely  rare,  is  usually  uni- 
lateral, occurs  most  frequently  in  middle  life  and  begins  as  a  dermatitis-like 
eruption  either  on  the  nipple  or  the  areola  and  slowly  spreads  over  both  parts. 
The  earliest  symptom  is  probably  an  itching  or  burning  with  reddening  and 
distinct  thickening  of  the  tissues,  accompanied  by  branny  scaling.  The  process 
extends  slowly,  the  surface  becomes  denuded  of  the  horny  epithelium,  and  is  of 
a  bright  or  dusky  red  color;  crusts  later  replace  the  scales,  and  the  whole 
surface  takes  on  a  disc-like  infiltration  with  a  sharply  defined  or  raised  border. 
The  infiltration  is  distinct  and  card-like.  The  denuded  portion  may  lie  covered 
with  crusts  or  an  oozing,  sticky,  homogeneous  debris.  The  disease  may  remain 
in  this  stage  for  a  long  time,  even  years,  before  distinct  clinical  carcinoma  of 
the  breast  develops.  This  is  heralded  by  retraction  of  the  nipple  and  the  obvious 
formation  of  neoplasms  in  the  breast  itself,  or  the  involved  area  becomes  gran- 
ular in  appearance,  ulcerated,  greatly  thickened  and  raised,  with  erosion  of  the 
nipple  and  deep  excavated  points  of  ulceration.  The  disease  may  extend  far 
beyond  the  areola.  Again,  it  may  begin  as  a  scurfiness  and  itching  al  llic  ojumi- 
ing  of  the  milk-ducts  with  a  similar  condition  scattered  oxer  the  areola  at  iso- 
lated points.  This  process  extends  very  slowly  until  the  whole  region  is  in- 
volved.    Usually  a  scirrhus  form  of  breast  cancer  supervenes. 

Extra-Mammary  Type  of  Paget's  Disease. — This  tyjie  dift"ers  somewhat  in 
its  clinical  and  histological  features  from  the  former,  but  to  all  intent  and  pur- 
pose it  is  the  same  process  modified  through  location.  It  is  \ery  dilVicull  to  con- 
form the  various  reports  upon  this  subject  into  a  >uccinct  description,  as  writers 
portray  so  varied  a  picture.  The  most  suggestive  and  valuable  article  is  that  of 
Bowen,  wh(T  points  out  the  I'onnecting  links  between  the  ]trecanc(M'ous  keratoses. 

Paget's  disease  may  be  mistaken  for  a  patch  of  chronic  seborrheic  derma- 
titis in  extra-mammary  locations,  but  it  is  a  ([uestion  if  such  a  dermatitis  can 
precede  the  entitv  known  as  Paget's  disease.  From  our  knowledge  of  Paget's 
disease,  this  is  not  probable.     No  one  that  I   know    (A  has  waiched  the  process 
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in  these  instances  from  their  incipiency ;  therefore,  \\  lien  it  is  first  observed  by 
the  physician,  it  lias  a  characteristic  appearance.  It  is  always  seen  as  a  sharp- 
ly circumscribed  patch  (in  rare  instances  patches),  situated  anywhere  on  the 
body,  with  well-defined  borders.  Tlie  patch  has  a  characteristic  dusky  pinkish 
tint,  is  slightly  scaly  and  atruphic-looking — the  whole  .picture  showing  a  chronic 
progressiveness.  The  tendency  is  to  progress  peripherally,  sometimes  more  in 
one  direction  than  in  another,  giving  the  patch  various  shapes.  One  portion 
nay  cicatrize  while  another  extends,  or  cicatrization  may  occur  in  the  center. 
In  very  large  patches  where  this  has  occurred,  relapse  in  the  cicatrized  portion 
may  be  seen  in  the  form  of  a  superficial  ulceration,  a  crust  or  crusts,  or  small 
nodules,  an  attempt  at  tumor  formation.  The  process  is  very  slow,  chronic  and 
superficial  as  a  rule,  and  does  not  cause  deep  or  large  tumors  unless  a  vital 
lymphatic  region  is  inxaded,  like  that  of  the  vulva,  penis,  scalp  or  breast.  On 
account  of  the  location  f)f  the  extra-mammary  type,  there  is  not  the  tendency 
to  excoriation  of  the  horny  epidermis  and  oozing  as  seen  in  tlK-  mammary  form. 
Crusts  may  form  here  and  there  over  the  surface,  yet  it  is  not  the  rule.  A  patch 
is  frequently  encountered  which  has  an  atrophic  glistening  sunken  appearance 
with  slightly  raised  borders  and  has  almost  the  appearance  of  a  healed  lesion, 
not  unlike  that  of  a  very  chronic  lupus  erythematosis. 

Extra-mammary  Paget's  disease  is  not  as  infrequent  as  one  would  be  led 
to  believe  from  the  literature  and  the  comparatively  few  reported  cases.  It 
is  probably  frequently  unrecognized  or  is  diagnosed  as  something  else. 

The  process  is  slow  and  chronic,  sometimes  undergoes  involution,  and  is 
very  rebellious  to  treatment.  One  case  of  mine,  which  almost  encircled  the 
chest,  involved  and  wiped  away  the  right  breast,  lasted  for  AO  years,  the  pa- 
tient dying  from  senility  at  the  age  of  ninety-three.  All  portions  of  the  proc- 
ess showed  the  typical  histological  appearances  of  Paget's  disease.  The  breast 
was  surgically  amputated  twenty  years  before  her  death  and  showed  a  slow 
scirrhus  process.  The  left  breast  was  involved  years  after,  but  was  not  re- 
moved. 

The  pathological  process  in  all  types  is  essentially  a  precancerous  one, 
meaning  by  this  term,  one  in  which  the  epithelial  calls  show  those  well-known 
morphological  changes  which  are  frequently  followed  by  and  are  often  seen 
in  carcinoma.  Most  authors  believe  that  Paget's  disease  is  from  the  very  first 
a  carcinomatous  process,  but  we  have  long  associated  carcinoma  only  with  tumor 
formation  and  typical  malignancy.  \\'e  must  therefore  broaden  our  view  of 
carcinoma  and  malignancy  and  include  those  clinical  conditions  which  show  the 
type  of  cell  so  often  seen  in  malignancy,  together  with  clinical  symptoms  sim- 
ilar in  their  ensemble  to  those  produced  by  certain  types  of  basal-cell  cancer." 
Then  Paget's  disease  is  carcinoma  of  a  peculiar  type,  capable  of  producing 
under  certain  conditions  and  in  certain  localities  carcinoma  of  various  accepted 
varieties.  Where  the  lymphatic  arrangement  and  other  conditions  are  propi- 
tious, Paget's  disease  produces  typical,  well-known  types  of  carcinoma.  For 
Instance,  I  have  seen  two  cases  of  a  peculiar  chronic  seborrheic-like  dermatitis 
of  the  lower  lip,  with  oozing,  crusting  and  some  card-like  infiltration  in  old  men. 
which  were  followed  in  five  and  ten  years  respectively  by  carcinoma  of  the 
glands  of  the  sub-maxillary  region.     Both  cases  were   absolutely   rebellious   to 

■^Hartzells'  (Jour.  Cut.  Dis.,  1910,  p.  388)  remarks  upon  this  subject  are  pertinent  .  .  .  "these 
changes  we  must  regard  as  carcinomatous,  just  as  we  regarded  as  carcinomatous  the  overgrowth  of 
the   epithelial    cells    themselves." 
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all  forms  of  treatment.  X-ray  included.  These  cases  were  undoubtedly  Paget's 
disease  of  the  lower  lip.^ 

On  account  of  the  peculiar  cell  degenerations  and  inclusions  found  in  this 
disease,  Wickham  and  Darier  thought  it  a  disease  siti  generis  and  due  to  coc- 
cidia.  This  view  has,  however,  been  abandoned  and  the  process  is  now  looked 
upon  as  a  peculiar  type  of  carcinoma.  The  old  idea  that  it  has  the  appearance 
of  "eczema"'  should  also  be  dropped  from  literature. 

Darier  cites  the  following  features  as  portraying  its  carcinomatous  nature : 

{I)      Slow  development  during  its  earlier  stages. 

(2)  Minor  degree  of  malignancy. 

(3)  Involvement  of  lymphatic  glands  only  occurring  towards  the  latter 
part  of  the  process. 

The  microscopic  picture  of  Paget's  disease  is  characteristic  and  unique  on 
account  of  the  peculiar  "degenerative"  (?)  processes  found  in  the  epithelial 
cells  and  the  reaction  in  the  derma. 

There  is  an  edema  of  the  epidermis  which  forces  the  cells  apart  and  causes 
a  swelling  of  the  prickle-layer  with  distension  of  the  nuclear  spaces.  The  epi- 
thelium is  increased  in  depth  and  pushes  itself  here  and  there  into  the  derma. 
Mitoses  are  seen  in  the  prickle-layer.  The  epidermis  or  horny  layer  is  usually 
soon  lost.  The  prickles  disappear  and  the  cells  of  the  epidermis  partake  more 
of  the  nature  and  shape  of  those  of  the  basal-layer  as  it  increases  in  depth. 
Cornification  goes  on  in  a  modified  form,  and  together  with  the  edema  and  pos- 
sibly other  factors  produces  throughout  the  section  numerous  atypical  cells 
(probably  a  form  of  dyskeratosis)  which  were  thought  by  Darier,  AMckham  and 
others  to  be  protozoa.  The  nature  of  these  cells  is  now  known,  and  is  more 
or  less  characteristic  of  several  so-called  precancerous  conditions.  \\  ithin  a 
double  contoured  cell-wall  there  are  peculiar  faintly  stained  granular  bodies 
with  the  appearance  of  a  limiting  membrane;  the  nuclear  chromatin  is  clumped 
and  the  nuclear  body  peculiar. 

The  papillary  body  of  the  derma  is  flattened  out  and  studded  by  plasma- 
cells,  lymphoid-cells  and  frequently  polymorphonuclear  leucocytes  and  mast- 
cells.  These  surround  the  invading  epidermis.  The  vessels  are  dilatetl  and  sur- 
roimded  by  new  cells,  especially  plasma-cells.  The  process  in  the  derma  is  of 
a  granulomatous  nature  with  a  tendency  to  organization  which  causes  retrac- 
tion of  the  nipple  and  some  of  the  induration.  As  the  peculiar  epithelial  ceils 
invade  they  also  infiltrate  and  spread  along  the  lactiferous  ducts  and  initiate 
Lhe  scirrhous  type  of  cancer,  wliicli  is  really  the  final  stage  of  the  disease. 

The  danger  of  the  process  lies  in  the  infiltrating  power  of  these  cells  which 
is  so  marked  in  certain  regions,  particularly  tlie  breast,  that  jacokeus  and 
others  believe  them  to  be  gland-cells  which  ha\e  wandered  into  the  epidermis 
from  below,  and  that  the  local  clinical  condition  is  a  result  of  the  previous 
deep-lying  carcinomatous  process.  Facts  do  not  confirm  tliis  view.  The  extra- 
mammary  type  is  not  so  edematous,  the  lympliatic  channels  not  so  widelv  di- 
lated and  subject  to  invasion;  the  horny  !a\or  i-^  often  thickened  and  para- 
keratotic  and  intact.  The  wliole  ])rocess  in  the  derma  is  more  chronic,  not  so 
severe  or  granulomatous  in  nature;  however,  the  cells  of  the  epidermis  present 
essentially  the  same  peculiar  changes  as  in  the  niannnary  form,  exceiU  possibly 
in   degree. 

^Histological    tnatorial    ccuilil    imt     In.-    i>l)laiTUMl    in    cither    case. 


STAINING   SECTIONS  OF  LIVING  TISSUE,   UNFIXED* 


By   Louis  B.  Wii.sox,   M.D.,   Rochkstkr,   Minn. 


THE  fixation  of  tissues  by  rapid  killing  and  liardening  beiore  further  pre- 
paring them  for  the  microscope  is  now  universally  conceded  as  a  neces- 
sary process  in  the  study  of  many  cell  structures.  It  produces  variations  in 
the  degree  of  refraction  and  degree  of  imbibition  of  cells  and  of  portions  of 
cells,  thus  making  possible  their  optical  differentiation.  It  also  prevents  post- 
mortem changes  in  cells,  preserving  their  structures  so  that  they  may  be  studied 
at  leisure.  By  coagulating  fluids  and  by  rendering  insoluble  certain  tissue  ele- 
ments, fixation  prevents  their  removal  during  subsequent  manipulations.  By 
the  intelligent  choice  of  proper  fixatives  and  other  reagents,  we  may  kill,  harden 
and  prepare  for  the  microscope  almost  any  tissue  without  greatly  altering  the 
relative  size  or  shape  of  its  cell  elements.  The  changes  in  refractive  indices 
and  in  color  reactions,  while  artificial,  are  not  necessarily  misleading  though  our 
concepts  of  the  normal  relations  of  cells  are  no  doubt  often  greatly  exaggerated. 

AMiile  conceding  the  necessity  for  fixation  in  almost  all  instances  for  fine 
cell  study,  histologists  are  well  aware  of  the  desirability  of  studying  living  cells 
uith  the  least  possible  manipulation.  But  living  cells  are  indistinctly  marked 
off  from  each  other,  and  their  complex  internal  structures  have  almost  exactly 
similar  refractive  indices  and  little  or  no  color  variations.  Thus,  the  micro- 
scopic examination  of  untreated  living  tissues,  in  other  than  ultra  violet  light, 
quickly  runs  counter  to  certain  fixed  principles  of  physical  optics.  Our  prob- 
lem then  is  the  production  of  variations  of  color  and  refraction  with  the  least 
violence  to  the  cell  and  without  coagulating  its  protoplasm. 

That  cells  may  be  stained  in  the  living  animal  has  been  abundantly  shown 
by  Ehrlich,^  S.  Mayer,^  Apathy,^  Bethe*  and  others.  More  recently  the  physio- 
chemical  processes  by  which  living  cells  are  stained  have  been  studied  by  many 
observers,  among  them,  Kiyono,^  Michaelis,'''  and  Evans  and  Schulemann.'  The 
latter  observers  have  shown  that  the  chemical  constitution  of  benzidine  dyes  is 
of  no  influence  on  the  capacity  of  the  dyes  to  act  as  vital  stains  except  as  it  af- 
fects the  physical  state  of  the  solutions  of  the  dyes.  Such  dyes  are  taken  into 
certain  living  cells  by  the  same  forces  concerned  in  the  reception  of  large  par- 
ticles (bacteria,  carbon,  etc.)  into  cells,  forces  based  upon  alterations  in  sur- 
face tension.  The  diffusibility  of  the  stain  determines  only  its  capacity  to  reach 
the  cells  in  a  living  organism.  Its  inclusion  by  these  cells  is  not  dependent  up- 
on a  characteristic  of  the  stain  itself,  but  upon  the  vital  functions  of  the  cells. 

Thus,  by  what  has  long  been  known  as  "phagocytic  action,"  living  cells 
take  up  certain  dyes,  but  the  process  is  a  slow  one  and  the  ultra-microscopic 
particles  of  "colloid"  solutions  of  the  dyes  are  apt  to  be  so  grouped  in  the  cells 
as  to  form  definite  microscopic  masses,  which  may  be  mistaken  for  cell  struc- 
tures. This  method  of  true  vital  staining  has  great  possibilities,  and  its  ap- 
plication is  yet  in  its  infancy.  Its  greatest  interest,  however,  apparently  lies  in 
its  biologic  aspects,  that  is  as  an  indicator  of  the  differentiation  of  the   func- 

*Submitted    for    publication    August    11,    1915. 
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tions  of  the  various  cells  in  the  living  body.  The  morphologist,  and  especially 
ihe  pathologist  making  microscopic  examinations  of  operative  material  and  work- 
ing in  as  speedy  a  manner  as  possible,  will  find  more  use  for  methods  based 
on  the  principle  of  staining  living  cells  whose  surface  tensions  are  already  al- 
tered permitting  rapid  imbibition  of  dyes. 

Many  living  cells  which  will  not  take  up  certain  stains  may  be  made  to 
imbibe  them  by  even  so  slight  an  alteration  of  surface  tension  as  may  be  pro- 
duced by  shaking  the  cover  glass  on  the  preparation.  Tissue  freshly  removed 
from  the  living  body  is  still  alive  and  remains  so  even  after  it  has  been  quickly  fro- 
zen, but  the  surface  tension  of  the  cells  of  the  tissue  has  apparently  been  materially 
altered  by  the  cutting  off  of  the  blood  supply  and  by  the  freezing  process.  This 
rdteration  of  the  surface  tension  of  the  cells  permits  the  rapid  imbibition  of  cer- 
tain stains,  while  at  the  same  time  the  size  and  shape  of  the  cells  may  have 
Ijeen  altered  in  only  a  very  slight  degree,  if  at  all.  by  the  ansemia  and  freezing. 
Theoretically  it  should  be  possible  thus  to  find  just  such  a  stage  in  cells,  which 
are  dying  but  yet  not  dead,  that  would  permit  of  their  dift'erential  staining  while 
all  their  structures  were  fairly  normal  in  size  and  shape.  Any  such  method 
must  of  course  fail  both  in  the  temporary  preservation  of  the  soluble  elements 
of  the  tissue  and  in  the  permanent  presentation  of  any  of  the  tissue  unless  there 
is  subsequent  "fixation"  (that  is,  coagulation  of  the  proteins).  Yet,  such  a 
method  may  give  not  only  quickly  obtainable  pictures  of  the  normal  size,  shape 
and  arrangement  of  the  cells,  but  also  important  details  of  the  normal  internal 
structure  of  cells,  supplementing,  and  in  some  instances  correcting,  our  con- 
cepts obtained  from  the  study  of  fixed  tissues. 

Ten  years  ago  in  seeking  some  means  of  rapidly  staining  pathologic  speci- 
mens as  they  came  from  the  operating  room  that  a  diagnosis  might  be  given 
while  the  patient  was  still  on  the  table,  to  guide  the  surgeon  in  his  further  opera- 
tive procedure,  I  worked  out,  from  the  basis  of  Bethe's  methylene  blue  intra- 
vitum  staining,  a  method  which  has  since  proved  very  satisfactory.  It  has  been 
published  twice  before'"  l)Ut  it  may  not  be  amiss  to  reproduce  it  here  for  the 
sake  of  those  not  familiar  with  it. 

Det.mls  of  Method  of  St.mxixg 

1.  Freeze  bits  of  fresh  tissue,  not  more  than  2x10x10  mm.,  in  dextrin 
solution  and  cut  sections  5  to  15  microns  thick. 

2.  Remove  the  sections  from  the  knife  with  the  tip  of  the  finger  and  al- 
low them  to  thaw  thereon. 

3.  Unroll  the  sections  with  a  camel's  hair  brush  or  glass  liflcr  in  1  per 
cent  sodium  chloride  solution. 

4.  Stain   10  to  20  seconds  in    Unna's  polychrome   nK'th}lcne  blue. 

5.  ^\'ash  out  momentarily  in  fresh   1  per  cent  sodium  chloride  solution. 

6.  Mount   in    Druns'  glucose  medium. 

The  ti>>uc  mu>t  lie  fre>h,  that  is,  the  cells  must  bo  still  ali\o,  and  hence 
present  no  cytolytic  changes.  Almost  all  tissues  which  we  examine  have  been 
removed  from  the  body  not  more  than  ti\e  minules.  and  usually  not  more  than 
two  minutes  before  they  are  frozen.  Howexer,  we  ha\c  gotten  fair  prepara- 
tions in  some  instances  frdui  tissues  that  have  been  from  one  to  two  hours  out 
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of  the  body.  If  kepi  in  the  ice  chest  under  proper  conditions,  they  may  be 
stained  after  a  still  longer  period.  Most  failures  are  due  to  the  fact  that  the 
cells  are  dead  before  the  tissues  are  frozen. 

The  dextrin  solution  is  prepared  by  stirring  dry  dextrin  into  boiling  water 
until  the  mixture  is  about  the  consistency  of  commercial  maple  syrup.  Five- 
tenths  per  cent  of  phenol  may  be  added  in  warm  weather. 

The  ether  freezing  microtome  is  an  unsatisfactory  makeshift.  Xow,  that 
tanks  of  carbon  dioxide  may  be  procured  in  every  town  which  has  a  soda  foun- 
tain, there  is  no  longer  any  excuse  for  the  use  of  the  ether  instrument.  The 
microtome  should  be  a  well-made  machine  capable  of  cutting  to  five  microns, 
though  sections  of  many  tissues  cannot  be  handled  quite  so  thin.  In  our  ex- 
perience, the  best  instrument  for  the  purpose  is  the  Spencer  Automatic,  though 
good  results  may  also  be  obtained  with  the  vSartorius.  the  Leitz  and  the  new 
Bausch  &  Lomb  instruments  with  mechanical  knife  carriers.  A  freezing  micro- 
tome which  is  in  constant  service  in  a  laboratory  in  connection  with  a  surgical 
clinic  receives  hard  usage  and  its  parts  therefore  must  be  strong  and  well  made. 
The  valve  for  controlling  the  gas  is  apt  to  become  quickly  worn  and  leaky.  This 
valve  is  more  convenient  if  placed  at  the  microtome  and  not  at  the  tank.  It 
should  have  a  long  fiat  T-shaped  handle  for  ease  of  operation.  Whatever  style 
of  microtome  is  used,  the  metal  plate  on  which  the  tissue  is  frozen  should  be 
insulated  in  some  manner  from  the  metal  parts  of  the  remainder  of  the  ap- 
paratus. This  prevents  the  heat  being  transferred  between  the  two.  makes  less 
gas  necessary  and  keeps  the  tissue  frozen  longer. 

The  carbon  dioxid  tank  should  be  suspended  on  metal  hooks  or  brackets 
underneath  the  table  on  which  the  microtome  is  placed.  Thus,  the  small  amount 
of  dirty  water  which  is  present  in  many  tanks  will  not  find  its  way  into,  and 
clog  the  valve  of  the  freezing  chamber,  as  it  is  apt  to  do  when  the  gas  tank  is 
placed  in  a  vertical  position  above  the  work  table. 

In  freezing,  the  gas  should  not  be  turned  on  in  a  large  stream  and  al- 
lowed to  flow  until  the  tissue  is  frozen.  ^Nluch  gas  can  be  saved  and  much 
more  satisfactory  preparations  made  if  it  is  turned  on  in  intermittent  spurts, 
giving  time  for  the  tissue  to  freeze  more  slowly,  and  thus  more  evenly  through- 
out. It  should  not  be  frozen  more  solidly  than  is  necessary  for  cutting.  When 
this  occurs,  however,  the  upper  layer  may  be  thawed  slightly  by  placing  the 
finger  on  the  tissue. 

The  sections  should  be  cut  by  rapidly  repeated  strokes,  not  permitting  the 
surface  of  the  tissue  to  thaw  after  each  cut.  A  half  dozen  or  more  should  be 
cut,  and  the  first  ones  rejected,  insuring  sections  of  even  and  uniform  thick- 
ness. 

In  trimming  out  blocks  of  tissue  for  freezmg,  the  pieces  qf  tissue  should 
be  not  more  than  2  mm.  in  thickness,  and  the  transverse  diameter  should  be  as 
small  as  is  possible  and  still  include  the  desired  field  of  examination.  The 
smaller  the  block  down  to  2  mm.,  the  better  the  sections,  and  the  more  easily 
they  may  be  handled.  In  general  the  blocks  should  be  so  trimmed  that  the  sec- 
tions when  cut  will  be  rectangular  or  rounded,  rather  than  triangular  in  out- 
line. Unless  the  block  is  more  than  1  cm.  in  transverse  diameter,  the  long  edge 
should   be    so   placed   on   the    freezing   plate   that   the   knife    edge   will    strike    it 
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i)arallel.  W'liere  blocks  are  more  than  1  cm.  in  transverse  diameter,  a  shorter 
edge  may  be  placed  so  as  to  first  come  in  contact  with  the  knife.  When  very 
nimute  bits  of  tissue  are  to  be  frozen,  it  is  best  to  partially  freeze  a  small  amount 
of  dextrin  solution  first,  and  then  place  the  tissue  on  top  of  it,  thus  keeping 
it  1  mm.  or  more  away  from  the  metal  freezing  plate  and  avoiding  contact  of 
ihe  knife  therewith. 

The  knife  edge  must  be  as  sharp  as  it  is  possible  to  make  it.  The  blade 
should  be  very  rigid,  preferably  wedge-shaped,  and  not  hollow-ground.  We 
have  attempted  to  use  safety  razor  blades  in  special  holders,  but  have  found  them 
to  vibrate  altogether  too  much.  Several  blades,  not  less  than  four,  should  be 
provided  for  each  microtome,  since  the  edges  are  dulled  very  quickly  with  the 
liest  of  tissues,  and  routine  blocks  are  apt  to  contain  unsuspected  calcified  areas. 
Reserve  cylinders  of  carbon  dioxid  should  also  be  kept  in  some  nearby  cool 
place,  so  that  they  may  be  changed  rapidly  if  necessary. 

When  sections  are  removed  from  the  knife  with  the  tip  of  the  finger  and 
allowed  to  thaw  thereon,  a  process  which  may  be  hastened  by  breathing  on 
them,  air  bubbles  are  less  apt  to  form  than  if  they  are  removed  with  a  brush 
and  placed  immediately  in  salt  solution.  As  the  sections  go  into  the  salt  solu- 
tion, they  are  usually  more  or  less  rolled  up,  and  must  be  straightened  ovit  by 
centle  manipulation  by  moving  them  up  and  down  either  with  a  small  camel's 
hair  brush  or  with  a  bent  glass  lifter  with  a  dull  point.  This  is  best  done  in  a 
clear  glass  dish  over  a  black  background,  permitting  the  unstained  sections  to 
he  readily  seen. 

When  the  sections  have  been  straightened  out,  the}-  should  be  caught  under 
the  middle  with  a  small  bent  glass  rod  lifter  and  transferred  to  the  stain.  If, 
m  the  stain,  a  direct  up-and-down  motion  is  made  with  the  lifter,  the  section 
will  remain  thereon,  the  folded  portions  merely  "flapping"  in  the  stain.  Oc- 
casionally a  section  will  be  lost  oft"  the  lifter.  If  the  receptacle  holding  the 
stain  is  large,  much  time  may  be  lost  and  the  section  injured  in  finding  it.  This 
may  be  obviated  to  a  considerable  extent  by  using  a  very  small  receptacle,  of 
not  more  than  10  cubic  cm.  capacity,  with  a  rounded  bottom.  Small  individual 
glass  salt  cellars  and  the  small  porcelain  teacups  from  a  set  of  doll's  dishes 
are  quite  convenient.  The  bent  portion  of  the  glass  lifter  should  be  less  than 
1/4  cm.  long  and  the  end  should  be  rounded  in  the  flame. 

^\  e  have  never  yet  gotten  an  unsatisfactory  lot  of  Unna's  polychrome 
methylene  blue  direct  from  Griibler,  while  at  the  same  time  we  !ia\-e  gotten 
one  or  more  unsatisfactory  specimens  from  every  other  dealer  from  whom  we 
have  purchased,  even  when  the  stain  was  said  to  have  been  made  by  (^iriibler 
and  re-bottled  by  the  selling  firm.  Now,  that  the  German  supplv  is  temporariiv 
cut  oft",  we  are  making  our  own.  The  secret  of  success  seems  to  be  in  taking 
a  large  quantity  of  Unna's  alkaline  methylene  bhie  (methylene  blue  1,  carbonate 
of  potassium  1,  water  100),  and  allowing  it  to  ripen  for  from  six  months  to 
a  year  with  the  largest  surface  possible  exi)osed  to  the  air  in  a  flask  stopjxM-ed 
only  with  cotton.  When  the  stain  is  properly  ripened,  it  contains  a  consider- 
able portifju  of  methylene  red,  and  shotfld  give  shar])l}-  dift'erentiatcd  dark  l»lue, 
purple  and  pinkish  red  color-contrasts  with  fresh  tissue.  The  stain  e\en  in  5 
or  10  c.c.  amounts,  may  he  used  over  and  over  again,  l)ut  should  be  discarded 
when    it    sho\\>   a   preci[)itate   or   wlien    it    no   longer  gives   sharp   color-contrasts. 
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The  sodium  chloride  soluticMi.  whicli  is  used  for  \va>hinj^'  out  the  j^toss  ex- 
cess of  stain  should  be  contained  in  a  white  porcelain  dish.  <ir  if  in  a  clear  glass 
receptacle,  this  should  he  over  a  white  surface.  In  this  manner,  the  evenness 
of  staining  and  the  general  appearance  of  the  sections  may  he  more  readily 
seen. 

Bruns'  glucose  medium  is  prepared  as  follows : 

Distilled  water  140  ex. 
Camplioratecl   spirit    10  c.c. 
Giuco.sc  40  g. 
Glycerine  10  c.c. 

Mix  the  hot  water,  glucose  and  glycerine  thoroughly,  add  the  spirit,  shake 
and  filter  to  remove  the  excess  of  camphor  which  is  precipitated  on  mixing. 
The  solution  should  he  kept  in  relatively  small  stoppered  bottles.  In  warm 
weather  a  crystal  of  thymol  may  be  added  to  prevent  the  growth  of  moulds. 
The  solution  is  cheap,  and  should  be  thrown  away  as  soon  as  it  becomes  colored 
with  dye. 

Sections  are  most  conveniently  spread  out  and  transferred  to  the  slide  if 
the  solution  is  contained  in  a  long  narrow  porcelain  dish  about  1  inch  deep  by 
1^x4  inches.  These  mav  lie  obtained  in  the  market  as  white  porcelain  match 
trays. 

The  section  should  be  moved  about  in  the  glucose  medium  for  a  few  sec- 
onds, not  only  to  straighten  it  out  but  also  to  obtain  better  dift'erentiation.  The 
end  of  the  glass  slide  is  then  slipped  under  it,  the  edge  of  the  section  held  to 
the  slide  by  the  lifter,  and  the  whole  preparation  raised  out  of  the  solution.  The 
excess  of  glucose  medium  is  wiped  oiif  from  underneath  the  slide  and  around 
the  section,  the  cover  dropped  on,  and  the  preparation  is  ready  for  the  micro-  j 
scope. 

All  the  steps  of  the  process  may  be  carried  out  in  one  minute  from  the 
time  the  tissue  is  placed  on  the  freezing  plate  of  the  microtome  until  the  slide 
is  placed  on  the  stage  of  the  microscope.  Various  tissue  elements  should  be 
thoroughly  contrasted  in  pink,  red,  purple  and  dark  blue.  Mitotic  figures,  when 
present,  are  beautifully  shown.     Many  bacteria  are  stained. 

The  method,  as  given  above,  has  been  used  for  diagnostic  purposes  and 
for  the  study  of  fresh  tissues  in  the  laboratories  of  the  Mayo  Clinic  for  more 
than  ten  years.  During  that  period  it  has  been  frequently  modified  by  members 
of  the  laboratory  staff.  All  such  modifications,  however,  have  been  abandoned 
and  the  original  method  returned  to.  Probably  the  most  useful  modification  is 
one  which  we  used  several  years  ago,  and  which  has  subsequently  been  inde- 
pendently developed  and  published  by  Pierce.-'  This  consists  in  the  substitu- 
tion of  distilled  w^ater  for  the  sodium  chloride  solution,  and  of  carbol-thionin 
for  the  polychrome  methylene  blue  stain.  The  carbol-thionin  stain  may  be  more 
quickly  prepared  than  the  polychrome  methylene  blue,  and  is  perhaps  more 
stable.  Bacteria  are  stained  by  it  a  little  more  sharply  than  by  polychrome 
methylene  blue.  However,  sections  must  not  be  left  over  long  in  the  stain  which 
contains  2^  per  cent  phenol. 

Sections  stained  by  the  polychrome  methylene  blue  method  remain  in  ex- 
cellent shape  for  two  or  three  hours  after  the  tissue  has  been  removed  from 
the  body  and  may  be  in  fairly  good  condition,  if  kept  cool,   for  a  day  or  two. 
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No  satisfactory  method  has  as  yet  been  devised  whereby  desirable  sections  can 
be  fixed  and  preserved  after  staining  in  this  manner.  Success  m  this  direction 
probablv  lies  along  the  lines  indicated  in  Bethe's  original  method  for  the  fixa- 
tion of  tissues  vitally  stained  by  injections  of  methylene  blue. 
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INTESTINAL  STASIS  AND   INTESTINAL   INTOXICATIONS: 

A  CRITICAL  REVIEW 


By  Paul  G.  W'oollev.  M.D.,  Cixcixxati,  Ohio. 


ONE  of  the  most  widely  discussed  questions  of  the  present  day  is  that  which 
concerns  itself  with  intestinal  intoxications  arising  during  intestinal  stasis. 
Its  period  of  importance  was  inaugurated  by  Bouchard,  who  gave  us 
that  unfortunate  term  so  widely  used  and  so  little  understood, — especially  in 
this  connection, — auto-intoxication.  Its  greatest  modern  interpreter  has  been 
Lane,  who  has  given  into  the  hands  of  the  many  undiscerning  a  series  of  sur- 
gical procedures,  awful  at  their  best,  but  terrifying  in  the  practices  of  the  many 
who  do  not  discriminate.  It  is  a  question  on  which  much  is  written  and  of 
which  little  is  exactly  known. 

The  present  vivid  vogue  of  this  question  as  a  matter  for  discussion  is 
more  the  direct  result  of  the  work  and  writings  of  Sir  Arbuthnot  Lane,  for 
he  has  been  able  to  make  it  more  profitable  than  Metchnikofi:'.  with  all  his 
erudition  and  expcrimviu.  .\cling  upon  the  assumption  that  a  ver}'  large  pro- 
portion of  the  ills  from  which  men  suffer  are  the  direct  result  of  absorption 
of  toxic  materials  from  the  intestine,  he  has  taught  his  methods,  so  that  now 
surgeons  (some  surgeons)  are  everywhere  seeking  to  remedy  almost  any  con- 
dition by  rem()\ing  ceca,  colons,  and  sigmoids,  or  all  three,  or  by  making  un- 
natural intestinal  anastomoses.  When  one  considers  the  terrifying  series  of 
ailments  which  Lane  lays  at  the  door  of  stasis  in  the  intestinal  tract,  one  is, 
perhaps,  thankful  that  there  is  so  little  evidence  of  the  inheritance  of  acquired 
characteristics,  or  wonders  why  man  was  c\er  allowed  a  large  intestine. 
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The  term  intestinal  toxaemia,  or  intoxications  of  intestinal  orij,Mn,  refers 
to  various  symptom  complexes  which  are  associated  with  gastro-intestinal  ab- 
normalities of  secretion,  digestion,  and  motility.  How  great  such  a  catalogue 
may  be.  one  may  discern  by  perusing  the  following  list  ■} 

1.  Loss  of  fat. 

2.  ^\"asting  of   both   voluntary   and   involuntary   muscles. 

3.  Alterations  in  the  texture  and  color  of  the  skin  with  pigmentation  and 
offensive   perspiration. 

4.  Subnormal  temperature,  especially  afifecting  the  extremities.  There 
is  no  abruiit  line  of  separation  between  this  condition  and  Raynaud's  disease, 
of  which  it  would  appear  to  be  a  stage. 

5.  ?klental  conditions  of  apathy,  stupidity,  or  misery,  which  may  become 
exaggerated  to  a  state  of  melancholia,  or  even  apparent  imbecility,  with  suicidal 
tendencies.  There  may  be  neuralgic  symptoms,  neuritis,  frontal  headache,  loss 
of  control  over  temper.  These  nervous  states,  due  to  stasis,  are  a  much  more 
frequent  cause  of  serious  crime  than  is  generally  imagined. 

6.  Rheumatic  aches  and  pains  in  muscles,  joints,  and  skin. 

7.  Atrophy   of  the  thyroid. 

8.  Either  increased   or  lowered  blood  pressure. 

9.  Degenerative  changes  in  the  breasts,  especially  in  the  upper  and  outer 
zone  of  the  left  breast,  predisposing  to  cancer. 

10.  Prolapse  of  abdominal  organs,  partly  because  of  loss  of  fat.  partly 
because  of  wasted  muscle  fibres ;  increased  mobility  of  the  kidne\s.  and  pro- 
lapse and  bends  of  the  uterus. 

11.  Breathlessness  on  exertion,  at  times  of  asthmatic  type,  due  in  some 
cases  to  a  distension  of  the  stomach  and  intestines. 

12.  Degeneration  of  the  heart  muscle  with  dilatation  of  the  left  heart 
and  aorta  and  arteriosclerotic  changes   ( atheromatous  j   in  the  systemic  arteries. 

13.  Renal  changes  which  are  roughly  grouped  under  the  term  "Bright's 
disease." 

14.  Early  loss  of  hair  color  with  falling  out.  more  common  in  those  with 
dark  hair  than  with  red  hair. 

15.  Affections  of  the  pancreas  with  chronic  induration,  inflammation,  and 
finally  cancer.     Pancreatic  diabetes. 

16.  Infection  of  the  biliary  system,  cholecystitis,  cholelithiasis,  cancer,  to- 
gether with  many  acute  and  chronic  diseases  of  the  liver. 

17.  Degenerative   changes  of  the   eye. 

All  of  these  are  results  of  absorption  of  toxic  materials  from  the  intestinal 
tract !     All  are  primarily  due  to  abnormalities  of  motility ! 

W  atson*^  is  more  conservative  than  Lane.  He  divides  his  cases,  whose 
histories  are  given,  into  three  main  groups ;  one  in  which  the  symptoms  are 
mainly  those  of  neurasthenia;  one  in  which  the  symptoms  are  those  of  rheu- 
matoid arthritis;  and  one  which  shows,  mainly,  dyspeptic  symptoms. 

Leaving  to  one  side  the  problems  which  would  arise  in  discussing  motility, 
which  is  rarely  a  primary  condition,  and  abnormalities  of  secretion,  let  us  look 
at  the  possibilities  connected  with  absorption  from  the  intestine.  They  may  be 
grouped   as   follows : 


Intestinal  Stasis  and  Intestinal  Intoxications  47 

A.  There  is  the  possibility  that  during  digestion  of  food  materials  by  the 
normal  seeretions  of  the  gastro-intestinal  tract,  toxic  substances  are  formed  and 
that  these  substances  may  enter  the  blood  stream  and  produce  serious  disorders. 
As  a  matter  of  fact,  we  know  that  many  of  the  products  of  protein  digestion 
are  toxic.-®  The  peptones  have  well-known  poisonous  properties  when'  they 
are  injected  into  the  blood  stream.  Even  the  unsplit  proteins,  such  as  egg  al- 
bumens, are  toxic  under  certain  conditions.  Vaughan^  believes  that  the  toxicity 
of  proteins  resides  in  the  intertior  of  the  molecule  and  that  when  this  portion 
(its  most  chemically  active  part)  is  set  free  in  the  body,  it  acts  as  a  poison  be- 
cause of  its  intensely  active  chemical  nature.  In  the  gastro-intestinal  tract,  if 
It  is  set  free,  it  is  immediately  broken  up  by  the  ferments  and  so  becomes  harm- 
less. The  interior  of  the  body  is  not  constructed  for  such  rapid  or  complete 
splitting,  and  so  in  the  interval  which  would  elapse  between  its  liberation  and 
its  destruction,  it  damages  the  body  and  that  damage  may  be  shown  by  -svich 
symptoms  as  malaise,  fever,  or  by  such  symptom  complexes  as  anaphylaxis. 
Longcope*  by  injecting  egg  albumen  into  animals  has  been  able  to  produce 
morphological  changes  in  the  organs,  notably  in  the  kidneys,  which  correspond 
to  the  milder  degrees  or  stages  of  interstitial  nephritis.  W'ooUey,  DeAIar  and 
Clark, °  ^^  on  the  other  hand,  were  unable  to  produce  any  observable  symptoms 
or  lesions  by  injecting  egg  albumen,  casein  or  albumose  into  animals.  Long- 
cope's  method  was  to  activate  his  animals  to  egg  albumen  and  then  to  produce 
mild  attacks  of  anaphylaxis  by  subsequent  injections  of  the  same  substance. 
Woolley  and  his  co-workers  treated  their  animals  by  giving  them  daily  intra- 
peritoneal injections  of  albumen,  casein  and  Witte's  peptone  over  a  period  of 
40  days.  It  is  possible  that  had  they  used  Longcope's  method,  they  might  have 
produced  similar  efifects.  The  value  of  their  work  lies  in  the  indication  of  the 
difficulty  that  is  met  in  the  passage  of  these  substances  into  the  tissues  of  the 
animals.  Longcope's  results  indicate  what  may  happen  after  the  substances 
have  entered.  Wells,^^  some  years  ago,  reported  that  by  subcutaneous  adminis- 
tration of  Witte's  peptone  he  was  able  to  produce  hepatic  fibrosis.  He.  like 
Longcope,  was  placing  the  protein  directly  in  the  tissues.  Wells  now,  howe\er. 
doubts  his  results.* 

It  is  a  long  known  fact  that  it  is  with  the  greatest  diflicully  ihai  any  oi 
the  products  of  digestion  enter  the  blood  or  reach  the  tissues  in  an  intact  state, 
under  normal  conditions.  Somewhere  in  the  progress  from  the  lumen  oi  the 
gut  to  the  blood,  they  are  so  changed  as  to  be  non-toxic.  There  is  also  an- 
other side.  Soluble  substances  of  a  toxic  nature  entering  the  lilood  tend  to 
produce  diffuse  lesions  rather  than  focal  ones,  and  diffuse  symptoms,  rather 
than  focal  ones.  One  would  expect,  therefore,  that  soluble  poisons  such  as 
the  peptones  and  other  split-products  would  produce  generalized  symptoms  and 
lesions,  and  that  focal  lesions  and  symptoms  might  be  due  to  localization  of 
bacteria  whicli  enter  subsequently.  Evidence  of  this  lia'-  been  offered  by  Opie*"' 
who,  witli  cliloroform  alone,  was  not  able  to  produce  the  local  le>i(tn<  he  ob- 
served by  injecting  chloroform  and   colon  bacilli. 

♦Contrary  to  many  workers,  C.ibson  ( I'liilippine  Journ.  Sc.  I"!  4,  [8.  H.]  475)  who  wnrkc.l  with 
verv  carefully  purilicd  "proteins,  which  he  injected  with  careful  aseptic  precautions  into  Riiinci-pitrs 
(s'u'bcutaneously)  says,  "It  woul.l  seem  then,  that  the  primary  cleavaRC  products  ol  peiisin— hydrochloric 
diRestion,  when  prepared  without  drastic  treatment,  from  purilied  and  wcllcliaractcrized  proteins,  never 
have  more  than  a  slight  iiyrogenic  effect  when  injected  subcutaneously  into  rahints  and  puinca-piRS. 
Any  temi)erature  rise,  if  present,  is  insufficiently  pronounced  to  permit  a  direct  inciUnR  role  to  he 
asc'riljed  to  such  jiroteoscs  in  tlie  production  of  the  severe  naturally  occiirrinR  levers.  <cl.  lour.  A. 
M.   A.,    1914    [62]    1835.) 
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It  may  be  recalled  in  this  connection  that  Ascoli,  (;pi)enheim  and  others 
have  shown  that  proteins  fed  to  animals  in  lar^e  amounts  may  be  demonstrated 
subsequently  in  the  circulating  blood  and  in  the  urine,  though  as  Zinsser"  says, 
this  happens  only  under  abnormal  circumstances.  Rosenau  and  Anderson  also 
have  shown  that  guinea-pigs  may  be  sensitized  by  feeding  horse  meat  or  horse 
serum,  and  McClintock  and  King  were  not  able  to  confirm  it'  which  may  only 
go  to  prove  that  McClintock  and  King  did  not  encounter  the  abncjrmal  condi- 
tions which  made  the  results  of  Rosenau  and  Anderson  possible. 

The  whole  general  trend  of  opinion  regarding  the  absorption  of  protein 
split-products  in  a  toxic  state  from  the  intestinal  tract  seems  to  be  that  while 
it  is  possible,  it  is  unusual. 

B.  There  is  the  second  possibility  thai  bacteria  resident  in  the  intestinal 
tract  (/(-/  upon  the  food  stuffs  and  produce  toxic  substances,  which  are  absorbed 
and  act  as  intoxicants.  Some  of  these  substances  belong  in  the  great  group  of 
ptomaines,  such  as  cadaverin,  neurin,  cholin  and  putrescin ;  some  belong  to  the 
aromatic  series,  as,  for  instance,  indol,  skatol,  and  tyrosin.  Para-oxyphenyle- 
thylamin  is  a  recently  studied  substance;  aldehydes  have  been  under  suspicion, 
and   betaimidazolylethylamin    (histamin)    is    challenged-^"^ 

As  in  the  case  of  the  protein  split-products,  there  can  be  no  doubt  that 
these  substances  produce  grave  consequences  when  they  are  injected  into  the 
organism.  There  can  be  no  doubt  that  they  are  continually  entering  the  tis- 
sues through  the  walls  of  the  intestine.  But  with  exceedingly  few  exceptions 
Ihey  are  so  changed  in  passing  the  intestinal  walls  into  the  tissues,  that  they 
are  rendered,  so  far  as  is  known,  innocuous.  Hervieux-^  says  that  indoxyl  is 
a  normal  constituent  of  the  blood.  Herter  was  among  the  first  to  use  these 
substances  in  experimental  work  and  his  book^  has  become  a  classic.  He  showed 
that  such  substances  as  indol  might  be  toxic,  but  neither  he  nor  any  subsequent 
writer  has  brought  proof  that  they  ever  reach  the  interior  of  the  body  in  amounts 
sufficient  to  be  poisonous.  There  are  two  possibilities  which  would  favor  the 
toxic  action  of  these  products.  One  is  that  because  of  lesions  of  the  intestinal 
tract  so  much  is  absorbed  as  to  overtax  the  protective  chemical  action  of  the 
tissties  and  fluids  of  the  body ;  and  the  other  is  that  for  some  reason  the  pro- 
tective combining  power  of  tissues  and  organs  is  abnormally  low.  Concern- 
ing either  possibility  nothing  is  known.  It  is  known,  however,  that  the  healthy 
body  is  able  to  take  care  of  tremendously  larger  amounts  of  these  toxic  sub- 
stances than  are  produced,  as  was  shown  by  A\'oolley  and  Newburgh.-'  ^°  Iwao,"" 
however,  has  been  able  to  produce  severe  blood  changes  with  minute  doses  of 
oxyphenylethylamin,  but  Charleton-"  produced  similar  effects  with  B.  coli  in- 
jected into  rabbits.  Under  any  apparent  possibility,  however,  the  absorption 
would  not  be  the  primary  trouble,  but  some  other  factor  which  made  abnormal 
absorption  possible,  and  treatment  should  aim  at  correction  of  the  primary  con- 
dition rather  than  of  the  secondary. 

Metchnikoff"  is  a  valiant  supporter  of  the  bacterial  toxic  cause  of  many 
disorders,  notably  of  old  age,  but  he  has  never  shown  but  one  side,  except  by 
inference,  in  his  writings.  He  has  shown  that  by  the  use  of  certain  organisms, 
notably  B.  bulgaricus  and  Glycobacter  peptolyticus,  the  flora  of  the  intestine 
may  be  changed,  just  as  other  writers^-  "  have  shown  that  by  diet  similar 
changes  may  be  effected.     But  he  has  produced  nothing  except  incomplete  cir- 
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cumstantial  evidence  that  the  general  symptoms  associated  with  an  abnormal 
intestinal  flora  are  due  to  the  toxins  or  the  protein  split-products  of  the  mem- 
bers of  the  flora.  The  presence  of  indican  or  phenol  combinations  in  the  urine 
in  abnormal  quantities  is  no  sign  that  indol  or  phenol  are  acting  as  poisons  in 
the  organism,  it  is  merely  a  sign  that  the  contents  of  the  large  intestine  are  not 
in  a  healthy  condition.  Even  if  it  be  true,  that,  as"  Kendall  (p.  136)  says,  "one 
is  forced  to  the  conclusion  that  the  intestinal  tract  is  a  wonderfully  perfect 
incubator  and  culture  medium  combined;  in  this  intestinal  incubator  there  is 
such  a  range  of  reaction  and  diversity  of  food  stuffs  that  the  most  varied  types 
of  bacteria  capable  of  growing  at  body  temperature  can  conceivably  find  a  place 
where  the  environment  is  particularly  adapted  for  their  development.  It  must 
be  evident  that  the  direction  which  the  flora  takes  will  not  be  without  influence 
upon  the  host,"  there  still  are  no  solid  grounds  for  saying  that  the  absorption 
of  split-products  are  the  causes  of  symptoms — though  they  may  be. 

Distaso-^  has  reported  observations  which  show  that  so  far  as  the  anaerobes 
of  putrefaction  are  concerned,  these  organisms  play  no  role  in  the  putrefaction 
of  feces  within  the  body,  and  also  that  they  perhaps  play  no  role  in  pathologic 
conditions. 

C.  There  is  the  third  possibility  that  the  presence  of  bacteria  themselves, 
which  have  entered  the  blood  stream  from  the  intestine,  are  the  source  of 
trouble. 

In  support  of  this  it  may  be  said  that  the  bacteria  are  constantly  entering 
the  body  from  the  intestinal  tract,  and  that  under  certain  conditions,  the  num- 
ber is  increased.  These  organisms  may  produce  either  or  both  of  two  effects; 
they  may  act  as  irritants  to  the  cells  of  the  body  (more  particularly,  perhaps, 
the  endothelial  cells),  or  they  may,  in  being  devoured  by  the  cells  of  the  tis- 
sues, liberate  a  toxic  material  which  is  either  an  irritant  or  a  true  poison.  As 
an  adjunct  to  this  conception,  it  might  be  added  that  the  soluble  toxins  of  in- 
testinal bacteria  may  be  absorbed  and  act  as  poisons  to  the  cells  of  the  or- 
ganism. In  regard  to  this,  one  might  say  that  except  in  very  unusual  conditions 
this  does  not  happen,  because,  perhaps  the  toxins  are  modified  in  passing  the 
intestinal  wall  exactly  as  other  proteins  are. 

Adami^^  is  the  great  sponsor  of  the  infectious  theory  of  the  origin  of  fibrosis 
and  other  collateral  effects.  He  believes  that  under  certain  conditions  the  usual 
minimal  number  of  bacteria  in  the  circulating  blood  is  increased  and  that  these 
produce  organic  changes.  He  speaks  of  the  process  as  sub-infection.  Ford'"' 
and  others  have  studied  the  bacterial  flora  of  healthy  organs.  Bierotte  and 
Machida,^*'  for  instance,  in  discussing  the  bacterial  content  of  the  organs  of 
healthy  animals  at  a  slaughter-house,  found  10  varieties  of  germs  in  59.2  per 
cent  of  54  organs  taken  from  11  animals.  An  unpublished  observation  of  Dr. 
Wade  Oliver,"*-  working  in  the  Pathologic  Institute  of  the  Cincinnati  General 
Hospital,  is  that  the  blood  taken  from  the  veins  of  patients,  who  arc  brouglu 
to  the  hospital  in  a  state  of  fatigue,  such,  for  instance,  as  following  a  debauch, 
is  apt  to  show  large  numbers  of  organisms,  especially  ones  belonging  to  the 
group  of  hemolytic  streptococci.  Dr.  Oliver  believes  that  the  source  of  these 
is  in  the  pyorrheic  gingivitides  from  which  most  of  these  individuals  suffer,  or 
from  other  foci  of  chronic  infection.  Nevertheless,  as  tlie  physical  condition 
of  the  patients  improves  the  blond  becomes  sterile.     This  observation  bears  up- 
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en  the  intestinal  problem  merely  in  indicating  the  comparative  ease  with  which 
bacteria  enter  the  body  as  compared  with  the  difficulty  with  which  non-living 
proteins  enter.  All  of  the  recent  work  on  "focal  infections"''  ^'^  tends  in  the 
same  direction,  i.  e..  to  indicate  that  the  bacteria  which  are  harbored  in  the 
body  are  able  under  certain  conditions  of  general  health  to  enter  the  blood  stream 
and  to  be  transported  to  the  various  tissues  and  organs  of  the  body,  where  they 
produce  focal  lesions,  and  as  has  been  said,  it  is  focal  lesions  which  produce 
focalizing  symptoms. 

It  seems  then  that  from  the  standpoint  of  the  literature,  the  doctrine  of 
infection  is  the  more  rational  one.  Perhaps  it  were  better  to  say  that  in  the 
production  of  symptoms  during  intestinal  stasis  the  action  of  bacteria  is  the 
immediate  cause,  but  that  with  this  action,  after  a  time,  toxic  materials  may  be 
absorbed  through  lesions  in  the  intestinal  wall  produced  by  the  intestinal  con- 
tents. Accompanying  stasis  there  are  certain  macroscopic  changes  in  the  mucosa 
which  are  readily  recognized.  One  of  these  is  a  mild  inflammatory  condition, 
the  others  vary  from  more  pronounced  inflammatory  lesions  to  ulcerations — 
such,  for  instance,  as  the  "Dehnungsgeschwiire."  An  intestinal  wall  which  is 
the  seat  of  such  inflammations  is  more  permeable  to  bacteria  than  a  normal 
one.  Under  such  conditions  bacteria  and  toxic  materials  pass  into  the  circula- 
tion, during  which  process  the  latter  become,  as  a  rule,  fixed,  while  the  bacteria, 
protected  b}"  virtue  of  their  being  living,  pass  on  until  somewhere  or  other  they 
become  fixed  and  die,  and  their  poisons  are  set  free. 

There  seems  to  be  good  reason  for  the  belief  that  many  of  the  suspicious 
kinks  and  folds  are  not  essentially  harmful,  for  they  are  normal,  or  merely 
anomalies,  and  that  most  of  them  are  of  infectious  origin^^ — the  result  of  per- 
itonitides.    But  of  this  more  will  be  said  later. 

D.  The  fourth  possibility  is  one  suggested  by  Eppinger  and  Gutman  and 
is  one  that  has  gained  little  credence,  perhaps,  because  the  problem  has  not 
been  understood.  These  writers  look  upon  many — perhaps  all(?) — of  the  sub- 
stances which  pass  the  intestinal  walls  as  homones.  which  reaching  the  tissues 
produce  effects  in  the  same  manner  as  do  the  active  components  of  the  internal 
secretions, — i.  e.,  by  causing  them  to  carry  on  more  actively  or  less  actively,  as 
the  case  may  be,  their  several  functions.  They  point  to  the  fact  that  B — 
Imidazolylethylamin  (histamin)  produces  typical  stimulant  effects  upon  the 
autonomic  nervous  system,  and  that  para-oxyphenylethylamin  (tyramin)  a  split- 
product  of  tyrosin.  resembles  adrenalin  in  chemical  and  functional  respects.  So 
they  would  conceive  of  the  intestines  playing  a  role  somewhat  similar  to  that 
of  the  ductless  glands. 

E.  A  final  possibility  is  that  one  or  more  of  the  previously  discussed  pos- 
sibilities occur  together. 

\\  e  were  negligent  were  we  to  leave  the  impression  that  with  the  five  pos- 
sibilities given  above  we  had  exhausted  the  possibilities  in  accounting  for  the 
symptomatology  of  so-called  intestinal  stasis.  \\  hat  we  have  tried  to  do  has 
been  to  make  clear  the  possibilities  from  the  intestinal  side.  We  believe  that 
many  of  the  symptom  complexes  credited  to  the  intestinal  conditions  have  pri- 
marily little  or  nothing  to  do  with  the  intestinal  tract,  but  that  they  are  the  re- 
sult of  infections  elsewhere  in  the  body.  Lane,  for  instance,  believes  that 
pyorrhoea  and  oral  sepsis  are  very  common  in  intestinal  stasis,  as  a  secondary 
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occurrence.  \\'e  believe  with  Watson"  that  they  are  primary.  We  believe,  from 
the  writings  of  Billings/'^  Rosenow^"  and  others,  that  when  mtestinal  stasis  oc- 
curs in  conjunction  with  oral  sepsis,  it  is  merely  a  coincidence  and  not  essen- 
tial, and  that  the  intestinal  condition  may  become  really  a  serious  complica- 
tion if  the  stasis  is  not  corrected.  Before  such  a  complication  occurs  the' es- 
sential place  to  apply  treatment  is  the  mouth.  After  it  has  occurred,  both  mouth 
and  intestinal  treatment  are  essential.  In  a  like  manner  we  believe  that  the 
primary  difficulty  in  the  rheumatoid  arthritis  group  of  cases,  for  instance,  is 
probably  to  be  sought  elsewhere  than  in  the  intestine,  and  though  we  state 
this  as  a  belief,  yet  we  feel  that  there  is  abundant  support  of  such  a  belief  in 
the  publications  of  Rosenow  and  others.**  Cases  are  cited  by  A\^atson  and  others 
which  definitely  support  such  a  belief.  Even  cases  belonging  in  the  neurasthenic 
group  of  Watson  present  evidence  of  the  application  of  the  laboratory  results 
of  the  studies  on  focal  infections  in  this  group.  The  fact  that  Woolley*^- in 
a  case  referred  to  him  by  Dr.  C.  A.  h.  Reed,  was  able  to  obtain  a  pure  strain 
of  B.  lactis  acrof/cncs  from  a  duodenal  mesenteric  lymph  gland,  does  not  mean 
necessarily  that  the  epilepsy  from  which  the  patient  suffered  was  due  to  that 
organism  nor  that  the  cause  of  the  disorder  lay  in  the  intestinal  tract — though 
that  may  be  the  truth  of  the  thing.  In  such  cases  there  is  no  method  advanced 
for  deciding  whether  the  difficulty  lies  in  an  abnormal  central  nervous  system 
which  spontaneously  reacts  with  explosions  to  normal  stimuli  or  which  reacts 
to  abnormal  (or  normal)  materials  absorbed  from  the  intestine  or  from  some 
focus  of  infection  in  the  intestine,  or  in  some  other  organ.  It  may  or  may 
not  be  a  rather  hazardous  attempt  at  prophecy  when  one  describes  the  mor- 
phology and  biochemical  characters  of  the  unknown  microbic  cause  of  a  disease 
like  epilepsy.**^ 

Associated  with  these  problems  of  etiology  are  those  of  therapeusis.  These 
we  may  divide  into  two  main  categories, — medical  and  surgical.  \\'ithin  re- 
cent years  the  intestinal  surgical  treatment  has  come  to  the  ioix\  reached  its 
acme  and  seems  now  to  be  declining,  the  reason  for  this  being  that  there  ap- 
pears to  be  a  growing  opinion  that  the  therapeutic  results  have  not  lived  up  to 
their  promises.  It  is  the  opinion  of  some,  .perhaps  many,  physicians,  that  the 
Lane  operations  for  intestinal  stasis  belong  in  the  same  class  with  unnecessary 
ovariotomies,   nephropexies,   and   appendicectomies.^^ 

The  intestinal  surgical  procedures  include  enterocolostomy,  or  cuicrosig- 
moidostomy,  colectomy  and  cecectomy,  and  plastic  operations  devised  for  the 
removal  of  liands  or  kinks,  chiefly  in  the  course  of  the  lai-go  inteslinc.  The 
short-circuiting  operations  allow  part  of  the  intestinal  contents  to  go  more  di- 
rectly and  rapidly  to  the  outside  world.  It  is  a  sort  of  flusliing  operation.  Its 
main  disadvantage  lies  in  the  fact  that  the  isolation  of  a  ikiiI  of  the  intestine 
results  in  a  condition  in  which  the  contents  move  more  slowly  and  in  which 
the  feared  fermentations  and  decompositions  go  on  more  vigorously  than  lie- 
fore  the  operation.  'JMie  radical  operations  have  the  same  elfect  upon  the  cur- 
rent in  the  intestine,  but  the  vicious  circle  is  removed.  The  cosmetic  operation 
tends  in  the  same  general  direction  except  that  il  lends  lo  case  rather  than 
speed.  It  straightens  the  crooked  path  without  shortening  it  and  eliminates  the 
short  turns.  It  is  perhaps  imnecessary  to  add  here  that  if  something  wrong 
is  going  on   in   the   liowel   which    shouldn't   go  on   under  normal   circumstances, 
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it  will  not  of  necessity  be  right  to  remove  the  bowel.  This,  at  first  sight,  would 
appear  to  resemble  what  might  be  done  in  case  something  were  wrong  with 
the  drains  of  a  house.  One  wouldn't  necessarily  remove  the  drain  of  the  hou.se. 
especially  when  he  might  improve  or  even  cure  the  condition  by  running  some 
chloride  of  lime  through  it.  The  difficulty  with  the  plastic  operations  seems  to 
lie  in  the  danger  of  more  adhesions,  which  are  in  turn  inhabited  and  perhaps 
caused  largely  by  bacteria.  If,  as  Archibald'"  found,  there  are  bacteria  in 
the  adhesions  formed  after  simple  operations  in  which  there  is  no  stasis,  what 
would  we  expect  in  cases  in  which  stasis  is  present?  It  is  interesting  to  note 
that  the  only  objection  brought  by  Lane  against  complete  colectomy  is  the  de- 
velopment of  post-operative  adhesions. 

A\'hat  may  happen,  as  the  result  of  any  or  all  of  these  operations,  is  that 
the  feces  spend  a  shorter  time  in  the  body  and  that  therefore  there  is  less  op- 
portunity for  putrefaction,  fermentation,  dilatation  and  absorption,  or  that  the 
bacterial  flora  is  changed,  or  that  both  of  these  things  happen. 

The  medical  men,  some  of  them  at  least,  say'^  that  they  can  obtain  as  good, 
or  better  results  in  the  long  run.  with  less  hazard.  They  say  that  by  using  the 
methods  of  Metchnikofif  they  can  change  the  flora ;  by  diet  alone--'  '-  *'  they 
can  modify  the  flora ;  by  laxatives  they  can  hurr>'  Nature  and  make  her  re- 
move the  garbage ;  by  antiseptics^"  they  can  kill  the  parasites ;  and  by  mere 
copious  water  drinking'^  they  can  limit  indol  production  and  reduce  putrefac- 
tion. And.  they  say.  that  while  using  these  methods  they  do  not  need  to  worry 
about  the  septic  tank  of  the  short-circuit  operations,  the  multiplied  adhesion= 
of  the  plastic,  nor  the  mortality,  or  the  adhesions  following  annihilation  of  the 
colon.  Also  they  say  that  cecal  or  ileal  kinks  appear  in  18  per  cent  of  all  per- 
sons'^ and  that  so  many  persons  do  not  suft'er  from  "intestinal  intoxications." 
Again,  they  say  that  all  who  are  constipated  are  not  ill.  Finally  some  may  think 
as  Einhorn  believes,  and  quotes  Dunin  as  suggesting  it,  that  perhaps  certain 
symptoms  are  not  so  much  the  results  of  constipation  as  they  are  causes  of  it. 
That  there  are  colons  which  deserve  destruction  there  can  be  no  doubt,  but 
it  is  suggested  to  tr\-  everything  else  first,  and  if  there  be  no  value  in  diet, 
exercise,  massage,  or  physic. — use  the  knife.  Eastman'^'  says  "it  is  probable 
that  time  will  demonstrate  the  fatuousness  of  either  short-circuiting  or  resec- 
tion operations  in  cases  of  stasis  not  presenting  demonstrable  obstructing  fac- 
tors," and  Lynch  and  Draper^®  feel  that  "surger}^  is  able  to  oft'er  in  selected 
cases  a  therapy  which  often  effects  a  true  cure."  Dr.  Berghausen's  work  in 
the  Pathologic  Institute  of  the  Cincinnati  Hospital  tends  to  support  treatment 
^used  by  Watson  and  others)  by  vaccines  in  some  cases  of  stasis.  If  this  is 
justified,  then  there  has  been  added  another  reason  for  belief  in  infection  rather 
than  in  intoxication. 

An  editorial  writer  of  the  Journal  of  the  American  Medical  Association^' 
quotes  Hale  White,  as  follows :  "\\'hen  these  cases  are  reported  we  are  always 
assured  that  all  medical  means  had  been  adopted  without  benefit,  but  we  are 
never  told  what  the  medical  means  were.  *  *  *  *  A  suspicion  comes  to  one's 
mind  sometimes  that  perhaps  some  surgeons  do  not  know  all  the  means  the 
physician  has  at  his  command  for  the  treatment  of  delayed  action  of  the  bowels." 
This  seems  not  to  be  unfair  in  many  instances.  Case*^  sums  the  situation  up  by 
saying  that  surger}'  should  not  be  seriously  considered  as  a  cure  for  ileal  stasis 
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until  a  most  thorogoing  trial  has  been  made  of  the  various  dietetic  and  mechan- 
ical measures  at  our  command. 

But  again,  in  discussing  therapeusis  we  have  confined  our  remarks  to  the 
intestinal  aspect  of  the  question.  Washing  out  the  intestinal  tract  will  not  cure 
pyorrhoea  alveolaris  though  it  will  undoubtedly  assist  in  cure.  It  will  not  pre- 
vent absorption  from  a  root  abscess,  or  from  an  area  of  decomposition  under  a 
crown  or  a  bridge.  It  will  not  hinder  the  growth  of  staphylococci  or  strepto- 
cocci in  a  chronic  appendix  abscess,  or  in  the  partiallv  closed  crvpts  of  a  ton- 
sil ;  nor  will  it  drive  out  the  bacteria  from  the  regional  lymph  glands  in  a  case 
of  arthritis  deformans.  For  such  focal  conditions  the  treatment  will  vary — 
dentist,  physician  and  surgeon,  and  perhaps  even  the  bacteriologist,  alone  or  to- 
gether, may  be  needed,  depending  upon  the  seat  of  the  primary'  infection. 

Summary 

By  way  of  summary  we  may  say  : 

1.  That  absorption  of  poisonous  materials  from  a  healthy  bowel  has  not 
been  shown  to  produce  symptoms  of  disease. 

2.  That  absorption  of  bacteria  and  other  substances  from  an  unhealthy 
bowel  mav  produce  serious  symptoms. 

3.  A  surgical  operation  for  intestinal  stasis  is  not  justifiable  except  as  a 
last  resort. 

4.  There  is  no  definite  information  in  the  literature  to  show  that  surgical 
procedures,  made  for  intestinal  stasis,  have  been  more  successful  than  medical 
(including  hygienic)   ones. 

5.  Many  cases  in  which  symptoms  are  attributed  to  intestinal  stasis  are 
suffering  from  focal  infections  entirely  outside  the  intestinal  tract.  Such  in- 
fections are  illustrated  by  pyorrhoea  alveolaris,  chronic  tonsillar  infection,  and 
chronic  infections  of  the  antra  and  sinuses  of  the  head. 
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LABORATORY  METHODS 


TEST  for  Albumin  in.  Urine. — Heat  and  nitric  acid,  simply  and  combined, 
witli  the  contact  test,  remain  tlie  reliable  means  for  the  recognition  of  al- 
bumin in  the  urine.  All  other  tests  are  objectionable  in  some  respect,  and  the 
findings,  with  them,  are  subject  to  misinterpretation.  The  tests  for  albumin 
should  be  made,  when  possible,  with  fresh  urine.  It  is  customary  with  some  in- 
surance companies  to  have  the  urine  sent  to  a  central  laboratory.  Boric  acid 
is  added  to  the  urine  as  a  preservative,  and  is  probably  as  good  as  any,  but  many 
of  the  samples  when  examined,  contain  more  or  less  of  bacterial  growth.  It  is 
the  rule  to  heat  such  urines  with  strong  alkali,  filter  and  test  the  filtrate  with 
heat  and  nitric  acid.  The  alkali  dissolves  the  bacterial  proteins  and  the  filtrate 
gives  an  albumin  test  even  when  there  was  none  in  the  urine  when  passed. 
This  accounts  for  the  high  percentage  of  albuminuria  reported  from  some  of 
these  central  laboratories. 

The  method  is  to  be  condemned.  It  seems  difficult  for  some  medical  men 
to  get  away  from  the  idea  that  bacteria  are  vegetable  organisms.  They  con- 
sist mostly  of  protein,  soluble  in  strong  alkali,  especially  on  the  application  of 
heat.  The  test,  applied  in  the  way  mentioned  above,  gives  no  reliable  informa- 
tion and  is  misleading.  It  has  been  suggested  that  the  urine  containing  bacteria 
should  be  passed  through  a  Berkefeld  filter  and  the  heat  and  hil-ric  acid  tests 
applied  to  the  filtrate.  This  is  open  to  two  sources  of  error.  In  the  first  place, 
albumin  when  present  may  be  held  in  the  filter  and  thus  escape  detection.  In 
the  second  place,  some  of  the  bacterial  proteins  may  be  in  solution  without  the 
addition  of  alkali  and  may  pass  through  the  filter.  — F.  C.  V. 


PREPARATION  of  Protein  Poison  from  Egg  f/7;//r.— Vaughan  and  Wheeler 
prepare  the  protein  poison  from  Qgg  white  in  the  following  manner:  The 
whites  of  two  dozen  or  more  fresh  eggs  are  dropped,  with  frequent  stirring,  into 
two  or  more  liters  of  96  per  cent  alcohol.  After  24  hours  the  supernatant  fluid  is 
descanted  and  replaced  by  absolute  alcohol.  After  another  day.  during  which 
the  coagulum  is  frequently  stirred,  it  is  drained  into  a  filter,  put  in  hulls  and  ex- 
tracted in  Soxhlet's  for  four  days  with  absolute  alcohol  and  for  the  three  fol- 
lowing days  with  ether.  Thorough  extraction  with  these  reagents  is  necessary 
in  order  to  remove  all  traces  of  .saponifying  substances.  The  contents  (^l  the 
hulls  are  rubl-ed  into  a  fine  powder,  first  in  porcelain,  and  then  in  agale  mortars. 
In  this  wa\-  a  snow  white  powder  of  Qgg  protein  is  obtained,  and  may  be  kept 
indefinitely  in  a  wide-mouth  bottle. 

One  liter  or  more  of  a  2  per  cent  solution  of  caustic  .soda  in  ali.solule  al- 
cohol is  prepared.  Care  and  patience  are  needed  in  this  preparation.  Purified 
sodium  hydrate  is  needed.  This  should  be  quickly  weighed,  since  it  is  deliques- 
cent and  rapidly  absorbs  water  from  the  air.  The  broken  stick>  o\  alkali  arc 
gotten  under  absolute  alcohol  in  a  large  porcelain  mortar  and  rulibod  into  solu- 
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tion.     Tliis  solution  is  diluted  with  absolute  alcohol  so  as  to  make  a  2  per  cent 
solution. 

A  definite  amount  of  the  powdered  egg-white  is  weighed  out  and  placed  in 
a  Florence  flask  from  which  all  trace  of  moisture  has  been  removed  by  rinsing 
with  absolute  alcohol.  The  dry  powder  in  this  flask  is  covered  with  twenty  times 
its  weight  of  the  2  per  cent  solution  of  alkali.  The  flask  is  attached  to  a  re- 
flux condenser  and  to  a  mechanical  stirrer.  (The  stirrer  is  not  absolutely  es- 
sential, but  when  not  used  the  flask  must  be  constantly  shaken  by  hand. )  The 
flask  is  heated  in  a  water  or  steam  bath  for  one  hour,  care  being  taken  that  the 
temperature  of  the  contents  does  not  rise  about  78  degrees  C.  At  the  expira- 
tion of  one  hour  the  contents  of  the  flask  are  allowed  to  cool  and  subside  and 
the  supernatant  fluid  is  descanted.  Three  extractions  of  the  insoluble  i)art,  with 
the  2  per  cent  alkaline  solution,  are  necessary  to  complete  the  change  of  the 
protein  into  poisonous  and  non-poisonous  fractions.  The  former  is  .soluble  in 
the  alcoholic  solution,  while  the  latter  is  insoluble. 

The  combined  alcoholic  extracts  are  carefully  neutralized  with  hydrochloric 
acid,  which  precipitates  the  alkaline  base  as  sodium  chloride.  This  is  removed 
by  filtration  and  the  filtrate  evaporated,  better  in  vacuo.  This  leaves  the  crude 
poison,  the  action  of  which  can  be  demonstrated  on  guinea-pigs,  best  by  intra- 
peritoneal, intravenous  or  intracardiac  injection.  The  poison  has  not  been  ob- 
tained in  a  pure  state  and  its  chemical  structure  remains  unknown.  It  may  be 
partially  puiified  from  the  crude  product  obtained  as  above  by  repeated  solu- 
tion in  absolute  :dcohol  and  evaporation  and  still  further  by  precipitation  from 
alcoholic  solution  by  alcoholic  solution  of  platinum,  mercuric  or  cupric  chlo- 
rides, and  the  removal  of  the  base  with  hydrogen  sulphide.  In  the  purest  form 
in  which  it  has  been  obtained  it  kills  guinea-pigs  with  the  symptoms  and  post- 
mortem appearance  of  anaphylactic  shock  in  dose  of  one-half  milligram  on  in- 
travenous or  intracardiac  injections.  — V.  C.  V. 


THE  Preparation  of  Specific  Precipitins. — In  1897  Kraus  found  that  the 
serum  of  an  animal  which  had  been  repeatedly  treated  with  a  culture  of 
a  given  bacillus  gives  a  precipitate  when  added  to  the  filtrate  of  the 
same  organism.  It  was  soon  found  that  this  reaction  is  specific.  Choiera 
serum  precipitates  only  cholera  filtrates ;  typhoid  only  typhoid  filtrates,  etc. 
Later,  Tchistowitsch  and  Bordet  demonstrated  that  this  is  a  general  protein  re- 
action. A  rabbit  which  has  received  small  injections  of  horse  serum  furnishes 
a  serum  which  precipitates  horse  serum  in  high  dilution  and  no  other  proteins 
in  like  dilution.  One  treated  with  cow's  milk  supplies  a  serum  which  precipi- 
tates cow's  milk  and  no  other  in  the  same  dilution.  One  treated  with  egg-white 
precipitates  the  proteins  of  this  mixture  and  no  other  in  the  same  dilution. 
Practically  this  test  is  now  employed  in  the  identification  of  blood  stains  in  med- 
ico-legal investigations  in  the  detection  of  mixed  meats  and  in  the  study  of  the 
blood  relationship  of  species  and  genera.  If  a  blood  stain  be  dissolved  in  physio- 
logic salt  solution,  filtered  and  mixed  with  the  serum  of  a  rabbit  which  has  been 
repeatedly  treated  with  human  blood,  a  precipitate  will  form  if  the  stain  be 
human  blood.     If  a  hamburger  steak  be  extracted  with  water  the  clear  filtrate 
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will  be  precipitated  with  the  blood  of  a  rabbit  which  has  been  treated  with 
horse  serum,  provided  the  steak  contains  horse  meat.  If  the  steak  contains  both 
horse  flesh  and  beef,  the  extract  will  give  precipitates  with  an  animal  treated  with 
horse  serum,  also  with  that  of  one  treated  with  ox  serum.  In  this  way  the  flesh 
of  any  animal,  the  cat,  dog,  etc.,  can  be  detected  in  the  steak.  This  is  frequent- 
ly employed  in  municipal  laboratories  in  Europe.  The  serum  of  a  rabbit  pre- 
viously treated  with  human  serum  will  precipitate  this  serum  in  high  dilutions; 
that  of  the  higher  apes  in  less  dilution  and  will  fail  to  precipitate  the  sera  of  the 
lower  apes  and  of  all  other  animals.  This  supplies  confirmation  of  the  teach- 
ing of  zoologists  concerning  the  blood  relationship  of  animals.  The  best  ani- 
mal for  the  supply  of  specific  precipitins  is  the  rabbit.  It  should  receive  at  in- 
tervals of  from  three  to  five  days  intraperitoneally  or  subcutaneously  from  3  to 
5  c.c.  of  the  selected  protein  and  ten  days  after  the  last  injection  the  serum 
of  the  animal  is  m  condition  to  give  the  specific  precipitin  test.  The  substance 
injected  into  the  rabbit  is  known  as  the  precipitinogen  (producer  of  the  precip- 
itin). The  specific  substance  in  the  serum  is  known  as  the  precipitin,  and  the 
product  is  designated  as  the  precipitate.  — V.  C.  V. 


A  GGLUTINATION. — In  1889  Charin  and  Roger,  in  studying  the  action  of 
-^J-  tlie  serum  of  sick  and  immunized  animals  on  homologous  bacteria,  ob- 
served that  the  liacillus  pyocyaneus  behaves  peculiarly  when  placed  in  the  serum 
of  an  animal  previously  treated  with  this  organism.  Jn  the  serum  of  a  normal 
rabbit  this  bacillus  grows  as  it  does  in  bouillon  forming  an  opaque  culture,  while 
in  the  serum  of  an  animal  pre\iously  treated  with  this  bacillus,  it  forms  floc- 
cules  which  soon  subside,  leaving  a  clear,  supernatant  fluid.  Two  }ears  later 
Metchnikoff  observed  similar  behaxior  in  the  vibrio  which  bears  his  name-  He 
wrote,  'Tn  the  blood  and  serum  of  normal  Aaccinated  guinea-pigs,  the  \  ibrio 
develops  as  it  does  in  the  ordinary  liquid  media,  the  individual  organism  re- 
taining their  motility  and  remaining  distinct  from  one  another.  On  the  other 
hand,  in  the  blood  and  serum  of  vaccinated  animals  the  vibrios  become  im- 
mobile, and  form  smaller  or  larger  floccules  which   Hoat  in  the  rluid." 

In  1893  Issaeff,  and  later  he  and  Ivancjfl'.  ob>-erved  the  same  phenomenon 
and  described  it  as  follows:  "In  the  sennn  of  non-imnuuiized  guinea-pigs  tiie 
vibrio  develops  rapidly  and  after  from  four  to  \^\<:t  hours  at  hJ  degrees,  there 
is  a  uniform  cloudiness  throughout  the  fluid,  while  the  surface  is  covered  with 
a  scum;  but  in  immune  serum,  the  microbes  sink  to  the  bottom  of  the  lube, 
while  tlie  supernatant  fluid  remains  clear.  This  condition  continues  for  from 
eight  to  nine  davs  and  it  is  not  until  the  tenth  day  that  the  soKilion  becomes 
cloudy  and  a  scum  appears  on  the  surface." 

In  1896  Oruber  and  iJurhain  demonstrated  dial  ihi.^  reaction  is  -pecilic  and 
]jointe(l  (Hit  its  value  in  the  identification  of  bacteria.  .X  given  bacterium  is  the 
ty]:)hoid  bacillus  if  it  is  agglutinated  or  clumped  by  llu  >erum  of  an  animal  ini- 
nuinized  to  the  typhoid  bacillus.  This  use  of  the  i>henomenon  of  agglutina- 
tion is  the  onlv  one  suggested  by  Oruber  and  Durh.im,  and  it  has  been  over- 
shadowed by  the  more  practical  aj)plication  discovered  by  W'idal.  who  pointed 
out  that  it  may  be  employed   in  the  diagnosis  of  disease.      If  the  serum  ol   one 
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sick  with  a  fever  agglutinates  the  typhoid  bacillus  in  high  dilution   the  disease 
is  typhoid  fever. 

Tlie  period  in  the  progress  of  typhoid  fever  when  marked  agglutination  is 
in  evidence  varies  widely.  As  a  rule  it  is  not  before  the  seventh  day,  but  it  may 
occur  as  early  as  the  second,  and  it  may  be  delayed  until  the  second  week  and 
even  later.  Likewise  the  disappearance  of  the  reaction  after  recovery  is  vari- 
able. It  may  fail  ten  days  after  the  disappearance  of  the  fever,  and  it  may 
continue  for  years.  In  intensity  the  reaction  is  variable  and  bears  no  recogniz- 
able relation  to  the  severity  of  the  disease.  The  method  of  applying  the  test, 
as  recommended  by  Widal  and  Sicard  is  as  follows :  "A  number  of  small  di- 
ameter tubes,  eacli  containing  1,  2.  3,  4,  and  5  c.c.  of  bouillon  are  kept  on  hand. 
When  a  test  is  to  be  made,  one  adds  a  drop  of  the  serum  to  each  of  these  tubes 
and  then  inoculates  each  with  a  typhoid  culture.  The  tubes  are  then  placed  in 
the  incubator  for  from  four  to  six  hours.  At  the  expiration  of  this  time  it 
may  be  seen  at  a  glance  in  which  tubes  agglutination  has  taken  place,  since 
these  will  be  unclouded  and  the  floccules  w^ill  be  seen  at  the  bottom.  The  first 
tube  is  a  dilution  of  1  :20,  the  second  1 :40,  etc." 

Johnston  showed  that  a  drop  of  blood  allowed  to  dry  on  non-absorbent 
paper  may  be  transported  any  distance  and  kept  indefinitely  and  still  be  capable 
of  giving  the  agglutination  test  after  solution  in  water,  but  this  does  not  per- 
mit accuracy  in  determining  the  dilution.  Agglutination  may  be  observed  un- 
der the  microscope  when  only  one  drop  of  blood  is  available.  \\'hen  serum  is 
sent  to  a  distant  laboratory  for  examination  formaldehyde  may  be  added,  but 
a  preservative  is  not  necessary,  since  putrefaction  does  not  interfere  with  the 
test.  A  positive  diagnosis  should  not  be  made  unless  marked  agglutination  is 
observed  in  a  dilution  of  not  less  than  1 :50,  and  even  in  this  dilution  there  is 
chance  for  mistake.  In  experimental  animals  sera  can  be  obtained  which  will 
agglutinate  typhoid  bacilli  in  dilutions  as  high  as  1  : 1,000,000  and  colon  bacilli 
1 :2,000,000. 

In  the  identification  of  bacteria  agglutination  should  take  place  in  high 
dilutions,  which,  however,  vary  with  the  organism.  The  strongest  proof  that 
Shiga's  bacilli  is  a  cause  of  dysentery  lies  in  the  fact  that  its  cultures  are  ag- 
glutinated with  high  dilutions  of  those   ill  with  dysentery. 

—V.  C.  V. 
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EDITORIALS 


The  New  Journal 

WHY  start  a  new  medical  journal?  This  question  will  arise  in  the  minds 
of  all  who  see  this  publication.  It  is  a  perfectly  proper  question  and  one 
which  we  have  asked  ourselves  many  times  in  the  past  few  months.  It 
does  seem  that  the  medical  profession  is  already  oppressed  by  a  great  flood 
of  literature,  some  good,  some  bad,  and  much  of  it  indifferenl.  There  are  gen- 
eral and  special  organs,  weekly,  monthly  and  quarterly,  in  all  the  languages  of 
the  civilized  world.  Then  why  start  another?  Why  ask  the  medical  man  to 
add  another  to  the  great  heap  of  periodicals  that— often  unopened— burden  his 
table?  To  these  questions  we  have  given  serious  consideration  and  finally  have 
decided  that  a  medical  journal,  of  the  kind  which  we  hope  to  make  thi^.  will 
be  of  value  to  the  profession.  At  present  there  is  a  wide  chasm  between  the 
research  man  and  the  practitioner.  The  former  mines  the  ore,  tiie  latter  re- 
fines it  and  shapes  it  into  useful  implements.  The  work  of  the  one  supplements 
that  of  the  other.  The  world  is  not  benefited  nor  medicine  aiivanced  until  the 
work  of  both  has  been  done.  Modern  medicine  consists  of  those  facts  gath- 
ered from  tlie  various  sciences  which  may  bo  utilized  in  the  prevention  or 
relief  of  disease.  Scientific  discovery  must  precede  practical  application,  but 
until  the  i)roper  use  is  found  the  value  of  the  discovery  is  \\b(->lly  potential.  The 
basic  aim  of  this  journal  will  be  to  liring  discovery  and  its  application  closer 
together,  to  sujtply  the  research  man  with  a  strictly  scientific  organ  through 
which  he  can  report  the  results  of  his  labors,  and  to  suggest  to  the  practitioner 
how  he  may  use  the  latest  discoveries.     The  journal  will  be  filled  with  original 
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articles  and  editorial  reviews.  In  the  former  \vc  hope  to  present  much  of  the 
best  productive  research  done  in  this  country.  In  the  latter  there  will  be  a 
record  of  the  advances  in  the  physical  chemical,  and  biological  sciences,  so 
far  as  they  have  medical  signihcance,  made  by  experts.  Contributions  to  the 
physiology,  nutrition  and  life  phases  of  man.  discoveries  in  etioKjgy,  pathology, 
and  the  development  of  disease  processes,  improved  methods  of  diagnosis  and 
treatment  will  be  reported,  and  the  endeavor  will  be  to  keep  the  practitioner 
close  upon  the  heels  of  the  discoverer.  The  man  who  relies  ui)on  text-books  to 
keep  up  with  his  profession  today  is  falling  far  behind  in  the  race.  Special 
scientific  periodicals  are  numerous  and  of  these  our  own  country  is  now  pro- 
ducing some  of  the  best,  but  the  practitioner  can  hardly  be  expected  to  read 
any  large  number  of  these  and  there  is  certain  benefit  to  the  profession  in  hav- 
ing much  of  the  work  reported  in  these  special  organs  gleaned  and  made  readily 
comprehensible.  Mere  abstracts  without  proper  interpretation  are  of  but  little 
value,  ^^"e  propose  to  review  original  work  especially  that  which  will  be  of 
either  intellectual  or  practical  value  to  the  practitioner.  These  reviews  wil! 
be  accompanied  by  comm.ents  and  possibly  by  criticism  from  the  reviewer.  Ab- 
stracts of  scientific  contributions  by  those  not  well  informed  as  to  what  others 
have  done  along  the  same  line  are  of  but  little  value.  The  editorial  staff  has 
been  selected  with  the  intention  of  having  an  expert  present  with  proper  es- 
timate the  results  of  the  latest  scientific  investigations.  Only  those  expertly 
trained  can  properly  interpret  work  of  this  kind. 

The  man  wh.o  attempts  to  practice  medicine  without  laboratory  aid  be- 
longs to  a  past  generation,  and  fails  to  do  justice  to  his  patients  or  credit  to 
himself.  Our  purpose  will  be  to  present  the  work  of  our  best  investigators  to 
the  practitioners,  either  directly  in  the  form  of  original  contributions  or  as  re- 
views of  work  published  elsewhere.  One  of  the  most  encouraging  evidences 
of  the  scientific  advance  of  medical  practice  in  this  country  is  the  increasing 
appreciation  and  utilization  of  laboratory  methods  in  diagnosis.  Without  proper 
diagnosis  treatment  fails  and  in  a  large  per  cent  of  the  cases  coming  to  the 
jiractitioner  the  former  is  quite  impossible  without  the  aid  of  the  laboratorv*. 
Our  endeavor  will  not  be  limited  to  curative  medicine,  but  will  include  much 
in  the  art  of  the  prevention  of  disease. 

The  ultimate  goal  of  science  is  the  domination  of  the  forces  of  nature  and 
their  utilization  in  the  betterment  of  mankind.  In  this  great  work  the  medical 
profession  must  play  an  important  part  and  it  is  our  one  desire  that  this  journal 
may  aid  in  carrying  on  this  work.  — J'.  C.   V. 


Phagocytosis 

TT  has  been  assumed  for  many  years  that  phagocytosis  is  an  acti\e  process, 
J-  and  that  it  is  associated  with  the  power  of  active  motion  in  certain  cells. 
These  cells  send  out  projections  from  their  bodies  toward  certain  particles 
which  happen  to  be  present  in  their  environment  and  presently  surround  them, 
and  in  certain  instances  destroy  them.  In  the  process  of  phagocytosis,  chemical 
reactions  have  always  been  given  a  prominent  place,  for  it  has  been  held  that 
certain   variations   in    chemical   reactions   in   some   wav   account    for   the   move- 
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merits  of  cells  (chemotaxis).  A  recent  communication  by  Oliver^  discusses  the 
crenation  and  flagellation  of  erythrocytes  and  throws  some  light  upon  the  proc- 
ess which  is  responsible  for  amoeboid  activity  of  cells.  Crenation  is  apparently 
the  opposite  of  flagellation  and  can  be  produced  entirely  by  physical  means. 
For  instance,  Oliver  shows  that  if  one  takes  a  crenated  blood  corpuscle  and 
merely  touches  it  with  a  fine  glass  needle,  which  is  immediately  withdrawn,  the 
cell  becomes  round  again  and  appears  optically  normal,  and  remains  so.  If,  on 
the  other  hand,  a  glass  needle  is  brought  close  to  a  normal  red  corpuscle,  but 
not  touching  it,  it  immediately  crenates,  and  the  degree  of  crenation  depends 
upon  the  proximity  of  the  needle  to  the  cell.  By  following  the  physical  method 
of  Oliver,  cells  may  be  crenated  and  uncrenated  at  will  and  more  -  or  less 
indefinitely.  Since  the  phenomenon  of  crenation  has  always  been  attributed  to 
hypotonicity  of  the  surrounding  fluid,  it  is  interesting  to  note  that  the  .phe- 
nomenon can  be  produced  regardless  of  the  tonicities — that  it  occurs  equally 
well  in  isotonic,  hypotonic,  or  hypertonic  solutions.  The  phenomenon  of  cre- 
nation seems  therefore  to  depend  upon  conditions  of  surface  tension  which  are 
produced  in  making  the  ordinary  mounts  of  fresh  blood,  and  it  illustrates  the 
extreme  irritability  of  cellular  protoplasm.  Oliver  continues  with  some  obser- 
vations on  flagellation  which  were  suggested  to  him  by  Kite's  work.  He  no- 
ticed that  soon  after  making  fresh  preparation  of  blood,  many  of  the  cells  were 
crenated,  and  that  some  40  or  50  minutes  later  the  cells  were  seen  to  possess 
long  processes,  some  motile  and  some  non-motile.  By  means  of  such  motile 
process  the  cells  are  moved  across  the  field  of  the  microscope.  These  processes 
may  become  free  from  the  cells  and  show  independent  motion.  Non-motile 
processes  mav  be  made  to  beat  by  merely  touching  them  with  a  fine  needle  lield 
in  the  Barber  holder. 

These  observations  lead  very  directly  to  those  of  Kite  and  Wherr}-  upon 
the  mechani.-,m  of  pliagocytosis.  They  suggest  that  phagocytosis  depends  upon 
the  physical  conditions  of  the  surface  of  the  phagocytic  cells  and  that  the  rn- 
gulfing  of  particles  is  a  purely  passive  process  which  depends  upon  jirotopla.vmic 
streaming  within  the  cells.  They  believe  that  such  substances  as  opsonins  act 
in  increasing  phagocytosis  merely  because  they  increase  the  ".stickiness"  of  the 
cells,  and  that  phagocytosis  depends  essentially  upon  the  relative  stickiness  of 
phagocytes  and  bacteria.  Their  experiments  indicate  that  the  physical  manipu- 
lations invoked  in  making  opsonic  preparations  are  .sufficient  to  account  for 
the  part  of  the  phenomenon  of  phagocytosis  in  such  prejia rations,  and  that  iiac- 
teria  stick  to  the  phagocytes  best  in  the  presence  of  unhealed  serum  because 
of  the  pre-sence  of  something  in  the  serum  which  makes  them  mere  sticky.  In- 
cubation of  specimens  following  the  Wright  technic  for  determining  tlie  op- 
soninic  index  seems,  from  tliese  experiments,  to  be  \alueless.  for  the  phenomenon 
will  occur  at  any  temperature  from  11  degrees  C  to  37  degrees  C.  The  process 
of  mixing  is  important,   lor  a  very  careful,  quiet,  teclmic   reduces  phagocytosis. 

A  recent  report  by  Lawson''  adds  emjihasis  to  the  work  of  Oliver,  and  Kile 
and  Wherry.  Miss  Law.son  shows  that  contrary  to  the  current  concepti<Mi.  the 
malarial  parasite  is  not  intracellular,  hut  extracellular  and  perhaps  pericelhilar. 
They  become  attaclicd   to  tlie  erythrocytes  at   certain  points  which   are  referred 
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to  as  "mounds"  which  the  parasites  tend  to  surround  with  pseudopods.  Here 
again  is  evidence  that  mechanical  contact  produces  changes  in  the  contour  of 
the  red  cells  and  that  at  the  same  time  the  relative  stickiness  of  the  protoplasm 
of  cells  and  parasites  is  increased  so  that  they  adhere  to  one  another. 

Upon  the  basis  of  these  researches  which  indicate  that  purely  physical  foices 
are  of  first  importance  in  explanation  of  phagocytosis,  the  older  work  upon 
which  our  current  accepted  conceptions  are  based,  must  be  repeated,  and  in- 
terpreted from  a  new  angle.  — I^-  ^-   i^i^- 


Recent  Work  on  Blood  Pressure  Measurements  in  Man* 

IT  would  seem  a  comparatively  simple  problem  to  ascertain,  jjy  laboratory 
experiments,  the  actual  pressures  in  the  blood  streams  at  which  changes, 
that  are  similar  to  those  observed  in  making  blood  pressure  measurements  in 
the  clinic,  occur  in  the  behavior  of  the  pulse,  when  varying  outside  pressures 
are  applied  to  the  artery.  Connecting  a  mercury  manometer  with  a  branch 
of  the  artery  on  which  the  "clinical"  methods  are  being  tested,  and  then  com- 
paring the  readings  taken  by  the  two  methods  would  appear  to  be  all  that  is 
necessary  in  order  to  test  the  reliability  of  the  clinical  method.  But  unfor- 
tunately the  information  thus  obtained  has  been  of  only  limited  value,  because 
the  dissimilar  anatomical  relationships  of  the  vessels  in  laboratory  animals  and 
in  man  introduce  physical  differences  which  alter  very  considerably  the  be- 
havior of  the  pulse-  In  view  of  these  facts,  and  because  of  the  enormous 
practical  importance  to  the  clinical  observer  of  knowing  just  exactly  how 
reliable  are  the  methods  at  his  disposal  for  gauging  the  blood  pressure,  two 
eminent  physiologists.  Professor  J.  A.  MacW'illiam,  of  Aberdeen,  Scotland,  and 
Professor  Leonard  Hill,  F.R.S.,  of  London,  along  with  several  collaborators, 
have  been,  and  are  at  present,  engaged  in  throwing  further  light  on  the  ques- 
tion. In  the  following  review  we  shall  svmimarize  the  main  findings  of  these 
workers,  in  so  far  as  they  would  seem  to  be  of  value  to  the  clinical  worker. 

There  are  three  aspects  of  the  arterial  blood  pressures  which  it  is  im- 
portant to  measure,  the  systolic  pressure,  the  diastolic  pressure,  and  the  pres- 
sure pulse.  The  first  means  the  high  pressure  attained  in  the  blood  stream 
during  each  heart  beat,  the  second,  the  lowest  pressure  occurring  between  the 
heart  beats,  and  the  third,  the  difference  between  the  systolic  and  the  diastolic 
pressure.  A  fourth  value — the  mean  blood  pressure — is  the  average  between 
systolic  and  diastolic  pressures.  Each  of  these  is  given  in  terms  of  the  height 
in  millimeters  of  a  column  of  mercury,  and  in  the  brachial  artery  of  a  healthy 
young  man  while  lying  down  they  usually  amount  to  115  m.m.,  85  m.m.,  and 
30  m.m.,   respectively. 

Before  proceeding  to  review  the  actual  methods  of  measurement  it  will 
be  well  to  consider  the  practical  value  of  the  results  in  elucidating  the  actual 
conditions  in  the  circulation. 

(I)  Systolic  Pressure:  Even  wdien  the  systolic  pressure  is  accurately 
measured — and  we  shall  see  shortly  that  some  care  has  to  be  exercised  in  do- 

*For  convenience  this  editorial  has  been  divided  into  two  parts,  the  second  installment  to  appear 
in  the  Xovember  issue.      The  literature  is  given  at   the  end  and  is   referred  to   in  the  context  by  numbers. 
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ing  this — "it  gives  very  insufficient  evidence  as  to  what  is  going  on  in  the 
circulation,"  for  all  it  tells  us  is  the  momentar}-  highest  pressure  transmitted 
to  the  blood  column  by  each  heart  beat.^  Thus,  in  heart  block  the  systolic 
pressure  may  be  very  high  and  yet  the  mass  movement*  of  the  blood  quite  de- 
fective, as  evidenced  by  symptoms  of  cerebral  anaemia;  or  again,  in  cases  of 
slow  cardiac  failure  in  which  cyanosis,  dyspnoea,  etc.,  are  pronounced,  the  sys- 
tolic pressure   may   be   about   the   normal  level. 

(2)  Diastolic  Pressure:  Measurement  of  the  diastolic  pressure  is  im- 
portant not  only  because  it  gives  us  the  load  which  the  vessels  and  the  aortic 
valves  must  constantly  bear  and  the  resistance  to  the  opening  of  these  valves  at 
the  beginning  of  systole,  but  because  it  helps  us  to  gauge  the  peripheral  resist- 
ance. In  using  the  diastolic  pressure  for  this  purpose,  however,  it  must  be  re- 
membered that  the  heart  rate  also  aiifects  it,  a  slow  beat  making  it  fall  arid  a 
quick  beat  making  it  rise.  It  is  therefore  possible  to  have  a  normal  diastolic 
pressure,  either  with  a  low  peripheral  resistance  and  a  quick  pulse,  or  with  a 
high  peripheral  resistance  and  a  slow  pulse.  In  these  cases  the  arterial  walls 
may  be  perfectly  healthy.  \Mien  the  walls  of  the  arteries  are  stiffened,  the 
diastolic  pressure  becomes  lower  (if  they  were  perfectl}^  rigid  the  diastolic  pres- 
sure would  be  zero).  In  such  cases,  however,  the  pressure  pulse  will  be  very 
marked.  A  high  diastolic  pressure  in  cases  with  stiffened  arteries,  and  no  quick- 
ening of  the  pulse,  is  very  significant  of  a  high  peripheral  resistance.  It  is  of 
great  practical  importance  to  remember  that  a  constantly  high  diastolic  pressure 
entails  a  much  greater  strain  on  the  vessel  walls  than  the  transient  systolic 
pressure,  and  should  be  taken  as  a  danger  signal  of  possible  rupture. 

(3)  BotJi  Systolic  and  Diastolic  Pressures — Pressure  Pulse:  Can  we  as- 
sume that  with  normal  systolic  and  diastolic  pressures,  and  a  normal  heart  rate, 
the  circulation  is  normal?  In  the  vast  majority  of  cases  we  can,  but  not  always. 
Thus,  in  cases  where  the  aortic  orifice  is  narrowed,  so  that  less  blood  is  dis- 
charged during  systole  into  the  vessels,  we  may  at  the  same  time  have  a  nar- 
rowing of  peripheral  blood  vessels,  thus  increasing  the  resistance  to  outflow  and 
compensating  for  the  deficient  cardiac  output,  so  that  the  above  pressure  read- 
ings are  normal.  But  obviously,  under  these  conditions  the  mass  movement  of 
the  blood  must  be  deficient,  as  is  frequently  evidenced  by  the  general  symptoms 
of  dyspnoea,  pallor,  cerebral  ana?mia,  etc.,  so  common  in  aortic  disease. 

These  facts  will  make  it  plain  that  although  the  estimation  of  both  systolic 
and  diastolic  pressures  is  of  ver}'  great  importance  and  value  in  clinical  diag- 
nosis, yet  "they  must  on  no  account  be  regarded  as  superseding  or  rendering 
unnecessary  the  use  of  other  sources  of  information  regarding  the  condition  of 
the  circulation.  .  .  .  Krror  from  misuse  of  the  results  of  blood  pressure  esti- 
mation, by  blind  adherence  to  mechanical  standards,  is  easily  avoided  l»y  com- 
mon-sense application  of  other  obvious  signs  taken  in  correlation  with  the  blood 
pressure  data."      (MacW'illiam."') 

The  Measurement  of  the  Systolic  Pressure:  .\uditory.  visual  and  tactile 
nu'tliods  exist  fnr  the  measurement  of  the  systolic  pressure.  In  all  of  them  an 
armlet  is  placed  around  the  arm  (;r  leg  and  the  behavior  of  the  pulse  is  exam- 

•By  mass  movtmcnt  of  Mood  is  nie.int  the  volume  of  lilood  which  passes  a  given  point  in  the 
circiilation    in   a    nivcn    time.      \'ohimc    How    means    the    same    tiling. 
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ined,  by  one  or  othc-r  of  the  al.ovc  methods,  lower  down  when  the  :iir  pressure 
hi  the  armlet  (which  should  he  12  cm.  broad)  is  raised  and  lowered  by  means 
of  a  suitable  pump.  \n  the  auditory  method,  a  stethoscope  or  i)honendoscope 
is  placed  immediately  below  the  armlet.  When  the  pressure  in  the  armlet  is 
raised  above  the  systolic,  no  sound  is  heard,  but  on  ^^radually  decompressin{,^  a 
distinct  tapping  sound  becomes  audible  with  each'  heart  beat.  This  indicates 
the  moment  at  which  blood  begins  to  force  its  way,  during  systole,  along  the 
vessel  beneath  the  armlet,  and  the  pressure  now  registered  by  a  manometer  con- 
nected with  the  armlet  is  taken  as  the  systolic  (systolic  index).  \\'e  shall  ex- 
plain immediately  how,  on  further  lowering  the  armlet  pressure,  the  diastolic 
pressure  is  indicated. 

The  tactile  method  consists  in  palpating  the  radial,  or  doisalis  pedis,  or 
posterior  tibial  arteries.  No  pulse  is  palpable  until  the  armlet  pressure  has  been 
lowered  to  a  few  millimetres  below  the  auditory  systolic  index.  This  tactile 
systolic  index  is,  therefore,  always  below  the  auditory;  if  it  is  not  so.  it  in- 
dicates that  some  error  has  been  made  in  the  application  of  the  apparatus,  most 
usually  in  the  phonendoscope.  If  readjustment  does  not  bring  the  two  "in- 
dices" into  proper  relationship,  the  auscultatory  method  cannot  be  relied  upon, 
either  for   systolic  or  diastolic   readings    (Mac\\'illiam^'). 

The  visual  method  consists  in  watching  the  pulsations  in  the  manometer 
connected  with  the  armlet.  With  pressures  above  systolic  very  faint,  if  any, 
pulsations  are  visible — this  depends  on  the  delicacy  of  the  manometer — but 
when  the  pressure  is  lowered  to  the  systolic,  the  pulsations  become  more  pro- 
nounced. 

Of  course,  each  of  these  methods  can  be  employed  while  the  armlet  pres- 
sure is  being  gradually  raised  instead  of  lowered,  but  the  readings  are  often  dif- 
ferent and  we  shall  have  to  consider  later  the  reasons  for  this. 

Meanwhile  there  are  several  conditions  affecting  the  gauging  of  the  sys- 
tolic pressure  which  we  shall  have  to  consider. 

A-  The  Mode  of  Compression  of  the  Artery:  Leonard  Hill  and  his  col- 
laborators''' have  found  that  there  is  an  extraordinary  difference  in  the  amount 
of  pressure  required  to  obliterate  an  artery,  so  that  no  recognizable  pulse  oc- 
curs below,  according  to  whether  the  vessel  is  compressed  with  or  without  at 
die  same  time  compressing  the  tissues  in  which  it  lies.  This  has  been  shown 
both  clinically  and  experimentally.  Thus,  when  the  small  bag  of  the  pocket 
sphygmometer  (Leonard  Hill's)  was  placed  on  the  radial  artery,  em.bedded  in 
the  tissues  of  the  forearm,  a  systolic  pressure  of  110  m.m.  Hg.  was  observed, 
but  when  applied  a  little  lower  down  to  an  aberrant  radial,  the  pressure  was 
only  35  m.m.  Hg.  Similar  differences  can  be  demonstrated  in  the  leg  vessels 
and  the  dorsalis  pedis.  Experimental  corroboration  of  these  clinical  findings 
was  obtained  by  exposing  an  artery  in  a  living  animal :  when  this  was  com- 
pressed in  a  tube  full  of  saline,  the  pulse,  distal  to  the  compression,  was  not 
obliterated  until  the  pressure  was  raised  just  above  the  systolic  pressure  of  the 
blood  in  the  artery,  whereas  when  the  same  artery,  placed  on  bone,  wood  or 
glass,  was  compressed  locally,  as  by  arranging  an  armlet  so  that  it  did  not  em- 
brace other  tissues,  the  pulse  was  abolished  by  pressures  that  were  not  only 
considerably  under  systolic  but  even  under  the  diastolic  pressure.     For  accurate 
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systolic   readings   it   is   therefore  very  important  to   use   an  armlet  which   is   at 
least  13  cm.  wide. 

B.  Discrepancies  betzi^ecit  Systolic  Readings  on  Compression  and  Decom- 
pression  of  the  Annlet:  The  pulse  below  the  armlet  may  reappear  on  decom- 
pression at  a  lower  pressure  than  it  disappears  on  compression.  This  discrep- 
ancy is  most  marked  when  the  decompression  is  done  quickly.  liy  means  of  a 
circulation  model,  the  general  construction  of  which  will  be  described  later, 
Hill  and  his  collaborators^  have  succeeded  in  demonstrating  that  the  above  dis- 
crepancy is  due  to  the  fact  that  the  full  force  of  the  pulse  does  not  reach  the 
forearm  until  all  the  vessels  of  the  upper  arm  have  become  filled  with  blood  and 
therefore  tense.  This  explanation  was  further  corroborated  by  finding  that  it 
took  much  longer  than  usual  for  the  pulse  to  return  at  the  wrist  on  decompres- 
sion when  the  forearm  had  been  emptied  of  blood,  by  elevating  it  and  applying 
a  bandage  before  compression  and  then  removing  it  just  before  decompression. 

C.  Discrepancies  in  Systolic  Readings  from  Different  Limbs:  It  is  not 
uncommon  to  find  that  the  systolic  pressure  in  the  leg  is  higher  than  that  in  the 
arm,  even  when  the  patient  is  in  the  horizontal  position.  It  is  particularly  in 
cases  of  aortic  regurgitation  that  the  discrepancy  is  seen-  Hill.  McQueen  and 
Flack''  have  made  extensive  investigation  of  the  causes  for  this  difl^erence  and 
conclude  that  it  is  partly  due  to :  ( 1 )  The  greater  lumen  of  the  aorta,  iliac 
and  femoral  arteries  in  comparison  with  that  of  the  subclavian  and  brachial ; 
the  wider  the  lumen,  the  greater  the  amplitude  of  the  pulse  wave.  (2)  The 
pulsating  support  which  the  relatively  massive  abdominal  organs  and  the  tis- 
sues of  the  thigh  give  to  the  main  arteries  prevents  the  damping  of  the  crest 
of  the  pulse  waves.  (3)  The  leg  arteries  are  probably  held  in  a  more  sup- 
ported state,  and  are  less  labile  than  the  arm  arteries,  so  that  the  pulse  is  con- 
ducted to  the  leg  with  less  diminution  in  force.  As  an  outcome  of  experiments 
with  artificial  models,  already  referred  to.^  these  same  authors  place  emphasis 
on  the  last  of  the  above  explanations ;  to  quote.  "The  explanation  of  the  dif- 
ference which  pertains  between  the  arm  and  leg  systolic  readings  taken  in  the 
horizontal  posture,  in  cases  of  aortic  regurgitation,  is  to  be  sought  in  the  dit- 
ference  of  the  lability  of  the  artery  and  the  condition  of  the  peripheral  circula- 
tion." 

Similar  discrepancies  in  systolic  readings  between  difterent  limbs  are  also 
observed,  especially  on  the  first  estimation  of  the  pressure,  in  cases  with  thick- 
ened arteries.  Mac\\'illiam  and  Kesson-  have  made  an  extensi\e  investigation 
of  the  observed  pressures  in  such  cases,  and  have  found  that  the  discrepancy 
becomes  greatly  reduced  on  continued  or  repeated  C(~)mpression  of  the  artery, 
and  that  the  fallacious  reading  (i.  e..  the  one  that  is  high)  is  decidedly  less  when 
the  pressure  of  reappearance  rather  than  that  of  disappearance  of  the  pulse  is 
measured.  It  is  pointed  out,  however,  that  the  repeated  compres-'ion  of  the 
hardened  vessel  may  introduce  a  fresh  complication  in  the  gauging  of  the  pres- 
sure, on  account  of  the  rise  in  general  blood  jircssure.  liy  investigating  the 
behavior  of  fresh  surviving  arteries  in  different  conditions  of  contraction  and 
relaxation  in  a  circulation  schema  (see  below),  it  was  found  that  repeated  com- 
pression caused  the  contracted  artery  to  behave,  (jualitativcly  at  least,  like  the 
normal  artery.     The  extraordinary  degree  of  change  in  pressure  sometimes  ob- 
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served  in  the  artery  embedded  in  the  human  limh  after  continuous  pressure 
could  never  be  duphcated  in  excised  arteries  unless  these  were  extremely  con- 
tracted (such  as  pathological  arteries  from  the  legs  of  horses,  or  arteries  arti- 
ficially contracted  by  barium  chloride),  arteries,  that  is  to  say.  which  are  very 
much  more  contracted  than  is  ever  possible  in  tlic  human  limb.  The  explana- 
tion offered  by  MacWilliam,  etc.,^  for  this  peculia,r  behavior  of  the  arteries  is 
along  the  lines  suggested  long  ago  by  von  Recklinghausen,  namely,  that  the 
hypertonic  artery  when  compressed  externally  does  not,  as  does  a  normal  ves- 
sel, become  completely  closed,  but  its  walls  become  apposed  at  the  middle  part 
while  chinks  still  remain  at  the  sides.  The  blood  continues  to  pass  by  these 
chinks,  and  to  obliterate  them  a  very  considerably  higher  arterial  pressure  is 
required.  By  continued  or  repeated  compression  it  could  be  shown,  in  excised 
hypertonic  arteries,  that  the  tonic  contraction  was  temporarily  removed  so  that 
the  walls  of  artery  become  apposed  in  normal  fashion.  If  this  is  the  true  ex- 
planation of  the  different  systolic  pressures  often  observable  between  the  arm 
and  leg  arteries,  it  should  follow  that,  although  the  pulse  does  not  disappear  in 
the  leg  at  as  low  a  pressure  as  in  the  arm,  there  would  be  some  demonstrable 
change  in  its  character  at  the  pressure  at  which  it  disappears  from  the  arm. 
Such  was  found  to  be  the  case  in  a  patient  showing  an  obliteration  value  (i.  e., 
systolic  index)  of  115  for  the  upper  arm  and  198  for  the  leg;  "at  116  the  pulse 
in  the  leg  though  not  obliterated  was  very  notably  cut  down  in  volume;  it  per- 
sisted as  a  pulse  of  small  volume  with  very  little  alteration  till  it  became  ob- 
literated. .  .  .  Repeated  compression  was  tried  and  was  found  to  give  marked 
lowering  in  the  leg  readings  at  successive  tests,  namely,  198,  186,  168,  149,  148 
m.m."  During  all  this  time  the  arm  pressure  remained  steady  at  115  m.m. 
The  difterences  were  much  more  marked  when  the  calf  vessels  were  used  than 
with  those  of  the  thigh. 

Besides  these  abnormal  cases  of  aortic  disease  and  contracted  arteries,  we 
may  find  even  with  normal  vessels  that  the  systolic  measurements,  taken  at  dif- 
ferent parts  of  the  circulation,  do  not  agree ;  more  especiallv  after  muscular  ex- 
ercise. Thus,  Hill,  etc.,'  state  that  the  systolic  reading  in  the  thigh  is  con- 
siderably above  that  in  the  calf  in  normal  boys,  such  readings  as  the  following 
being  reported  in  these  different  cases : 

Thigh  Calf 

165  m.m.  Hg.  135  m.m.  Hg. 

155       "        "  120       " 

105       "        "  80       " 

In  other  cases  (designated  as  patients,  however,  see  footnote  on  p.  510,  loc. 
cit.)  the  readings  were  considerably  higher  in  the  calf  than  in  the  thigh,  and 
the  differences  could  not  be  accounted  for  as  due  to  protection  of  the  artery 
from  compression  by  fascise,  etc. 

D.  Increase  in  Pulse  Beat  at  Wrist  of  the  Beginning  of  the  Rise  in  Arm- 
let Pressure:  When  an  armlet  is  placed  on  the  upper  arm  and  the  pulse  is 
felt  at  the  wrist,  the  latter  will  often  increase  perceptibly  in  force  as  the  arm- 
let pressure  is  raised  from  zero  to  50  m.m.  Hg."  In  some  persons  this,  seem- 
ingly paradoxical,  behavior  is  very  pronounced ;  thus,  in  a  patient  whose  sys- 
tolic pressure  was  130,  and  diastolic  80  m.m.  Hg.,  the  increase  in  force  of  the 
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pulse  became  perceptible  when  the  armlet  pressure  was  raised  to  36-40  m.m. 
Hg.,  but  when  the  same  patient  did  muscular  exercise,  and  so  caused  the  dif- 
ference between  the  systolic  and  diastolic  pressures  to  become  greater  (i.  e., 
increase  of  pressure  pulse),  the  increase  in  the  pulse  was  observed  with  10- m.m. 
of  pressure  in  the  armlet.  In  aortic  disease  also,  where  there  is  a  similarly- 
large  pressure  pulse,  even  during  rest,  the  augmentation  on  the  radial  pulse  w^as 
apparent  with  5-10  m.m.  armlet  pressure.  Similar  augmentation  of  the  pulse 
in  the  calf  was  obtained  during  increase  in  the  pressure  of  an  armlet  placed  on 
the  thigh. 

Not  only  can  the  augmentation  of  the  pulse  be  felt  by  the  finger,  but  it 
may  be  demonstrated  by  using  a  sphygmograph.  It  is  also  associated  with  the 
appearance  of  a  distinct  sound  heard  by  listening  over  the  artery  with  a  stetho- 
scope or  phonendoscope. 

When  we  come  to  describe  the  method  by  which  the  changes  in  pulse 
sound  may  be  used  for  measuring  the  systolic  and  diastolic  pressures  (see  be- 
low), we  shall  see  that,  starting  with  a  high  armlet  pressure  and  gradually 
lowering  it,  no  sound  is  heard  until  some  blood  succeeds  in  passing  the  armlet 
during  each  systole.  As  the  pressure  is  lowered,  this  sound  gets  louder,  until 
at  a  certain  armlet  pressure,  which  corresponds  to  the  diastolic,  it  suddenly 
gets  less.  At  lower  pressures  it  still  persists  for  a  time,  and  the  pressure  of  its 
final  disappearance  is  that  at  which  the  described  augmentation  of  the  pulse 
is  perceptible.  Thus,  in  the  patient  already  referred  to  above,  there  was  no 
sound  discernible  at  the  elbow  until  the  armlet  pressure  had  reached  30-40 
mm.  Hg.,  although  after  muscular  exercise  it  became  evident  at  10  m.m.  In 
entire  conformity  with  these  findings  is  the  well-known  clinical  experience  that 
in  case  of  aortic  disease  a  pulse  sound  is  heard  over  the  arteries  without  any 
armlet  pressure  at  all.  This  sound  becomes  more  m.arked  with  slight  armlet 
pressures. 

The  cause  of  the  sounds  is  ascribed  by  Hill,  etc.,  "to  the  impact  of  the  sys- 
tolic wave  vibrating  the  tense  artery  and  its  branches.  .  .  .  This  sets  the 
mass  of  tissue  enclosed  in  the  armlet  into  vibration,  the  vibrations  becoming 
audible  to  the  ear  as  sounds.  .  .  .  Therefore,  the  sound  is  dependent  on  the 
pulse-pressure  range  of  the  blood  stream  which  enters  the  armlet.  ...  If 
the  pressure  within  the  armlet  is  raised,  the  systolic  wave  is  reinforced  by  the 
increased  tension  of  the  arteries  under  the  armlet,  and  the  sound  becomes 
louder."^ 

A  very  interesting  simple  experiment  corroborating  this  explanation  of  the 
sound  (viz.,  that  it  is  due  to  the  sudden  tension  produced  by  each  systole  on 
vascular  tissue  under  the  cufif),  consists  in  placing  two  armlets  around  the  arm 
with  a  phonendoscope  between  them.  \\  hen  the  pressure  in  the  upper  armlet 
has  been  raised  sufficiently  to  make  the  s.uuid  audible,  intlation  of  the  lower 
armlet  to  a  pressure  above  the  systolic  does  not  cause  the  sound  to  disappear, 
but  rather  to  increase.  Complete  stoppage  of  the  circulation  does  not.  there- 
fore, diminish  the  sound,  thus  indicating  that  it  nuist  be  due  to  tension  changes 
in  the  vessels. 
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The  Constituents  of  Dietaries — ^4  Review 

OSLER  has  said  that  the  physician  who  wishes  to  ohtain  a  sound  knowl- 
edge of  the  natural  history  of  disease,  must  adopt  Morgagni's  method 
of  "anatomic  thinking.'"  It  is  becoming  more  and  more  evident  that  the  mod- 
ern physician  must  go  beyond  this  and  adopt  the  method  of  physiologic  think- 
ing, and  he  should  remember  that  this  implies  physical  and  chemical  think- 
ing. The  medicine  of  the  present  is  based  more  largely  than  ever  before  upon 
the  fundamental  sciences,  physics  and  chemistry  and  the  evidences  are  that 
these  sciences  will  play  an  ever  increasing  role.  The  "method  of  Zadig"  (or 
of  Morgagni)  is  the  observational  part,  but  under  this,  furnishing  the  founda- 
tion for  logical  diagnosis,  prognosis,   and  treatment,   is  pure  chemistry. 

Xowhere  in  the  literature  is  this  point  of  \\e\\  more  clearly  illustrated 
than  in  the  reports  of  investigators  dealing  with  the  influences  of  diets.  These 
reports  form  two  general  groups,  those  which,  like  the  ones  of  Schaumann, 
Funk  and  others,  deal  with  certain  diseases  like  beriberi  and  scur^y ;  and  the 
ones  of  Osborne  and  Mendel,  and  others,  which  have  to  do  witli  the  effects 
of  dietary  re-arrangements  and  limitations  in  expei-imental  animals,  and  the  re- 
lationships of  the  items  in  the  diets  to  growth. 

There  are,  of  course,  two  sides  to  the  question  of  diets.  The  state  of  nu- 
trition of  an  individual  is  dependent  upon  certain  conditions  in  the  external 
world,  such  as  the  quality  and  quantity  of  nutritive  material  which  is  avail- 
able, and  also  upon  the  internal  structure  of  the  body  upon  which  is  dependent 
the  powers  of  the  individual  to  make  use  of  food.  It  makes  no  difference  how 
inuch  food  nor  how  good  food  is  available  to  an  individual  if  his  tissues  are 
not  able  to  assimilate  it.  nor  does  it  matter  how  well  the  body  is,  if  the  food 
supply  is  not  sufficient  in  quantity  and  quality, — he  starves  just  the  same.  In 
one  case  he  may  not  grow,— which  is  partial  starvation. 

It  may  be  trite  to  call  attention  to  the  fact  that  the  amount  of  food  that 
is  necessary  for  an  individual,  depends  upon  his  age,  the  amount  of  muscular 
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activity  he  displays,  the  climate  (or  the  weather),  and  certain  other  factors 
such  as  the  activity  of  one  or  more  of  the  ductless  glands,  as  well  as  indefinite 
and  not-understood  ones  which  we  group  together  as  "inherited."  Everyone 
realizes  the  atrociously  large  appetites  of  children  who  are  active,  but  one 
sometimes  forgets  that  the  dosage  of  milk  which  is  accepted  for  a  six-months' 
child  is  for  the  average  hospital  child  and  not  (necessarily;  for  the  healthy, 
active  child  that  would  grow  faster  if  it  had  more  food.  One  knows  that  what 
is  needed  in  hot  weather  is  food  enough,  and  plenty  of  water  to  counteract  the 
heat  produced  in  burning  the  food.  The  value  of  peppers  in  the  tropics  is  that 
(given  enough  water)   perspiration  is  stimulated  and  the  result  is  cooling. 

If  the  normal  amount  of  food  is  consumed  and  if  the  food  is  used  by  a 
normal  body,  physiologic  growth  will  occur.  But  if  too  much  food  is  taken, 
or  if  the  body  is  inactive,  food  will  be  stored  in  the  form  of  fat.  Lack  of 
exercise  is  the  great  cause  of  obesity.  That  is  why,  in  part  at  least,  the  con- 
tented person  tends  to  stoutness,  for  other  things  being  equal,  the  contented 
person  "rests"  more ;  his  mind  and  muscles  are  oftener  at  ease  and  so  he  burns 
less  of  his  food.  "Laugh  and  grow  fat"  is  a  physiologic  truth.  But  many  adi- 
pose persons  are  not  contented,  and  many  are  very  actixe.  In  such  cases  one 
of  two  things  is  apt  to  be  wrong. — either  they  ha\'e  inherited  a  type  of  metabol- 
ism which  is  not  normal  for  the  race,  or  something  is  wrong  with  his  organs 
of  internal  secretion — especially  the  pituitary,  ihe  thyroid,  or  the  sex  glands. 
Similarly  the  thin  individual  is  one  who  eats  too  little,  or  exercises  too  much,  or  is 
nervous;  who  has  some  ductless  gland  disorder,  or  who  is  "just  naturally 
skinny." 

But  even  so.  we  have  looked  at  but  part  of  the  picture.  \\'e  have  taken 
for  granted  that  the  food  is  good  in  quality.  An  individual  must  have,  not 
only  good  food,  but  the  composition  of  the  food  must  be  proper.  The  diet 
must  contain  a  certain  proportion  of  protein,  of  fats,  of  carbohydrates,  and 
of  salts,  beside  the  right  amount  of  water. 

It  has  been  known  for  a  long  time,  that  if  enough  protein  is  not  eaten 
the  body  suffers,  and  something  like  the  same  thing  has  been  known  of  the 
other  dietary  constituents.  The  seafaring  people  learned  that  salt  meat  and 
bread  would  not  keep  a  man  alive  and  well,  even  though  it  contained  the  the- 
oretically proper  food  values.  Such  a  diet  i^roduces  scurvy.  If  mere  Ixiiling 
of  milk  for  babies  reduces  its  value  as  a  food,  it  is  not  because  the  food  I'ulucs 
are  not  there,  but  because  certain  constituents  are  physically  changed.'  Lrank'-' 
has  ofifered  evidence,  for  instance,  that  the  digestibility  of  egg-white  is  influ- 
enced by  the  temperature  at  which  it  is  coagulated.  A  diet  of  certain  kiiuls  of 
rice,  which  are  lacking  in  i)hosphorus  and  perhaps  other  substances  produces 
beriberi  in  the  tropics;  and  a  diet  of  dried  grain  (oats)  and  water  produces  a 
disease  like  rickets  or  scurv\  in  guinea-pigs.  A  little  fresh  food,  liz'iiuj  food, 
such  as  salad,  or  fresh  milk,  or  even  merely  milk  whey,  will  correct  such  dis- 
eased conditions.  It  is  probable  that  pellagra  is  one  of  (be  diseases  caused  by 
unbalanced  or  deficient  food.  It  i>  an  intercepting  fact  that  the  substances  which 
will   correct   some   dietary   defects  are  active   in    such    small   amounts   ilial    tb.ey 

'Ciiinp.uc    with    Riipp:      Hull-    '(>('.    Hmcau    of    Anim.nl    Intlustry. 
Moutnal    of   l^iolog.    Clicm..    1911    (<>)    463. 
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can  scarcely  be  detected.  They  are  called  collectively  for  the  present  the  "vit- 
amines."  Funk^  has  suggested  that  these  substances  have  a  certain  relation  to 
the  activities  of  the  glands  of  internal  secretions. 

Since  a  balanced  diet  must  be  composed  of  more  or  less  certain  amounts 
of  protein,  fat,  carbohydrate,  salts  and  water,  it  is  obvious  that  an  inadecjuatc 
diet  may  be  deficient  in  one  of  several  ways,— it  may  lack  any  one  of  the  nec- 
essary constituents,  or  it  may  lack  more  than  one.  It  is  interesting  that  we 
have  come  to  know,  of  recent  years,  that  the  lack  may  be  not  merely  a  gross 
one,  as  exemplified  in  absence  of  proteins,  but  it  may  be  a  chemical  one  and 
dependent  upon  the  structure  of  the  protein.  Perhaps  much  the  same  state 
of  affairs  exists  in  regard  to  the  fats  and  carbohydrates,  perhaps  also  to  the 

salts. 

A  great  deal  of  our  newer  information  concerning  the  proteins  we  owe 
to  Osborne  and  Mendel.*  They  have  experimented  with  pure  proteins  and 
have  shown  definitely  that  certain  amino  acids  are  indispensable  in  food.  With 
certain  proteins,  lacking  certain  amino  acids,  maintenance,  but  not  growth,  oc- 
curs. \\\\.\\  other  proteins  lacking  certain  other  animo  acids,  not  even  equilib- 
rium can  be  held.  For  instance,  they  have  shown  that  the  protein  of  corn 
(zein)  is  an  inefficient  protein,  and  that  when  zein  serves  as  the  sole  source 
of  nitrogen  in  a  diet  nutritive  failure  results.  It  is  a  perfectly  digestible  pro- 
tein but  lacks  tryptophan  and  lysin.  The  addition  of  both  these  latter  to  zein 
completes  it.  Add  tryptophan  alone  and  equilibrium  is  maintained ;  add  both, 
and  growth  follows.  Gelatin  is  not  an  efficient  protein  because  it  lacks  trypto- 
phan. Also  they  have  shown  that  the  protein  of  wheat  (gliadin)  which  will 
serve  in  maintaining  equilibrium,  will  not  permit  of  growth,  but  add  lysin  to 
gliadin,  and  growth  results.  Gliadin  is  evidently  a  better  source  of  nitrogen 
than  zein.  Lysin  is  present  in  many  foods,  for  instance,  8  per  cent  in  lactal- 
bumin;  7.59  per  cent  in  ox  muscle;  4.81  per  cent  in  tgg  yolk;  4.98  per  cent  in 
peas;  and  4.58  per  cent  in  beans;  7.61  per  cent  in  casein.  The  addition  of 
any  of  these  to  a  corn  or  wheat  dietary  (in  which  connection  one  thinks  of 
breakfast  foods)  adds  to  its  efficiency,  and  tends  to  insure  growth.  These 
facts  apply  to  adult  animals  to  be  sure,  but  they  apply  more  trenchantly  to 
young  animals. 

Osborne  and  Mendel  have  also  added  much  to  ovir  knowledge  of  the  food 
value  of  fats.^  They  found  that  young  animals  (rats)  did  not  complete  their 
growth  upon  a  diet  of  isolated  proteins,  starch,  protein-free  milk  and  commer- 
cial lard  or  olive  oil,  but  if  butter  fat  replaced  the  lard,  growth  went  on.  They 
also  found  that  cod  liver  oil  could  be  substituted  for  the  lard.  ^^IcCollum  and 
Davis,"  and  Osborne  and  Mendel  have  also  found  that  if  tgg  fat  is  added  to 
a  lard  containing  dietary,  growth  will  occur.  Evidently  the  type  of  fat  in  a 
diet  is  important  also.^ 

Little   is   said   in   the   literature   regarding   the    influence   of    carbohydrates. 

'.Tourn.    Plivsiol.,    1914    (47)    475. 
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Evidently  their  chief  function  is  to  furnish  the  sources  of  heat  for  the  body. 
They  do  not  form  an  indispensable  part  of  the  dietary  so  far  as  growth  is  con- 
cerned. They  seem  to  be  more  or  less  alike.  Any  of  the  common  carbohydrates 
may  be  efficient.  The  usual  one  used  in  experimental  diets  is  starch.  It  ap- 
pears, however,  from  the  recent  experiments  of  Tachau*  that  an  addition  of 
sugar  to  an  already  adequate  diet  may  result  disastrously — how,  one  cannot 
say.  Tachau  obtained  similar  results  with  certain  salts,  and  fats.  It  is  pos- 
sible that  the  easily  burned  carbohydrates  may,  under  certain  conditions,  fur- 
nish too  much  heat;  then,  unless  the  windows  are  opened,  the  house  may  get 
too  warm,  or  they  may,  in  too  large  quantities  be  incompletel}'  burned  and  pro- 
duce substances  which  interfere  with  protoplasm  (cellular)  chemical  processes 
(cellular  asphyxia).  The  split  products  of  both  carbohydrates  and  fats  may 
indeed  menace  the  body,  and  lack  or  over-abundance  of  salts  may  surely  change 
the  reactions  of  the  living  cells.  In  interpreting  the  results  of  experiments, 
one  may  bear  in  mind  that  the  "living  organism  may  be  regarded  as  a  highly 
unstable  chemical  system  which  tends  to  increase  itself  continuously  under  the 
average  of  the  conditions  to  which  it  is  subject,  but  undergoes  disintegration 
as  a  result  of  any  variation  from  this  average."^  There  seems  to  be  no  evi- 
dence that  in  the  so-called  Mehliidhrschaden  the  starch  itself  is  the  harmful 
agent.  It  is  only  when  given  in  excessive  amounts  for  long  periods  that  harm 
results,  and  this  is  due  not  so  much  to  the  starch  as  to  the  attendant  depriva- 
tion of  other  food  stufifs.^° 

If  an  animal  is  fed  upon  a  diet  consisting  of  the  proper  amounts  of  pro- 
tein, fats,  carbohydrates,  and  water,  with  no  salts,  it  will  die  more  quickly  than 
if  it  received  no  food  at  all.^^  The  importance  of  salts  has  been  dwelt  upon 
by  various  workers,  but  no  one  has  shown  in  simpler  way,  or  in  a  more  con- 
vincing form,  the  reasons  for  the  value  of  salts  in  the  economy  than  J\I.  H. 
Fischer.^-  It  seems  to  be  true  that  the  importance  of  various  salts  in  the  hu- 
man organism  is  due  to  their  efifects  upon  the  physical  condition  of  the  pro- 
teins of  the  body.  They  furnish  practically  no  energ}'  and  yet  are  essential. 
Schaefer'^^  has  said  that  the  chemistry  and  physics  of  the  living  organism  are 
essentially  the  chemistry  and  physics  of  the  nitrogenous  colloids,  and  Ouycr^-* 
wrote  that  what  we  call  protoplasm  "is  really  an  aggregate  of  colloids  holding 
water  for  the  most  part,  in  which  are  contained  certain  salts  and  non-electro- 
lytes." 

These  salts,  it  seems,  are  of  intrinsic  value  because  they  change  the  af- 
finity of  the  protoplasm  for  water,  so  that  at  one  time  when  there  is  a  rela- 
tive lack  of  salts,  the  protoplasm  loses  water,  and  at  another  time  they  ab- 
sorb water,  and  witli  it,  food  materials.  In  other  words,  we  may  suspect  that 
the  salts  of  the  food  are  the  agents  which  control  to  a  large  extent  secretion 
and  absnr|)ti()n.  Certain  salts,  of  course,  are  regulators  of  neutrality  in  the 
body,  but   that   is  but   a  i)art  of  the  problem  of   secretion   :\ui\   ;ihsorption. 

'^Tachau:      lii.icluin.    Zlscli.,    1914    (65)    253. 
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All  of  the  various  salts  have  perhaps  different  values  in  the  eccjnomy.  In 
Osborne  and  Mendel's  experiments,  the  salts  of  sodium,  calcium,  and  mag- 
nesium were  used  in  the  form  of  chlorides  and  phosphates,  which  indicate  from 
the  outcome  of  their  work  that  these  are  the  more  important  ones. 

Certain  salts  such  as  many  of  the  organic  acid  salts  (citrates,  for  instance) 
act  as  alkalies  in  the  body.  They  are  diuretic  dnd  cathartic  and  this  action 
is  the  result  of  withdrawal  of  water  from  the  tissues.  It  is  comprehensible 
that  such  salts  tend  to  over-alkalinize  the  tissues.  Salts  of  the  inorganic  acids 
on  the  other  hand,  tend  to  over-acidize  the  tissues  when  used  in  more  tlian 
sufficient  amounts. 

The  role  of  salts,  while  not  sufficiently  elucidated,  has  played  some  con- 
siderable part  in  medical  literature.  It  has  been  iicld  that  goitre,  pellagra,  beri- 
beri, scurvy,  rickets,  etc..  are  in  part,  or  as  a  whole,  dependent  upon  the  con- 
tent of  the  diet  of  certain  salts.  In  no  case  has  the  proof  been  brought.  Re- 
cently it  has  been  suggested^-^  that  (in  the  case  of  pellagra)  the  salts  of  silica 
are  the  active  cause,  but  that  the  silica  must  be  in  a  colloidal  form. 

Most  interesting  of  all  the  suggestions,  are  those  which  have  come  of  re- 
cent years  and  which  concern  themselves  with  the  so-called  vilamines.^''  These 
substances  cannot  be  classed  as  yet  with  either  proteins,  carbohydrates,  fats  or 
salts,  though  It  seems  possible  that  they  may  be  salts  in  a  colloidal  state.  Cooper^'' 
is  inclined  to  believe  that  these  substances,  formerly  referred  to  as  "antineu- 
ritic"  are  neither  proteins,  fats,  or  lipoids,  and  there  is  no  evideiice  that  they 
are  carbohydrates.  The  term  as  first  used  by  Funk  was  applied  to  certain  sub- 
stances of  undetermined  structure  which  occurred  in  the  outer  parts  of  grain. 
(It  is  this  part  which  is  removed  during  the  polishing  of  rice.)  It  has  been 
suggested  that  there  are  different  vitamins  which  are  active  in  preventing  dis- 
ease— one  for  beriberi,  one  for  scurvy,  one  for  pellagra,  etc.  They  are  present 
in  food  stuff's  in  such  exceedingly  small  amounts  that  they  cannot,  it  seems, 
have  any  caloric  value  and  yet  they  seem  to  be  essential.  It  has  been  sug- 
gested that  they  are  in  some  way  united  with  the  part  of  the  food  in  which 
flavor  resides. 

There  seems  to  be  but  one  general  way  in  which  to  formulate  the  diet  ques- 
tion, bearing  in  mind  the  fact  that  "a  man  who  maintains  his  weight  may  be 
in  excellent  nutritive  condition,  but  a  child  who  does  the  same  thing,  is  fail- 
ing to  grow.''^®  Each  individual  needs  a  diff'erent  amount  of  food,  which  will 
vary  according  to  his  structure  and  surroundings ;  he  will  need  protein,  carbo- 
hydrate, fat  and  salts,  in  addition  to  water;  he  will  need  certain  types  of  pro- 
teins, certain  types  of  fats,  and  certain  salts ;  and  finally  he  may  need  other 
•substances,  which  have  perhaps  to  do  with  flavor,  called  generically  -^-itamines,, 
if  he  is  to  show  physical  growth. 


^••Cencelli:       London    Lancet,    Apr.     17,    1915. 
'"Funk:      Die   Vitamine.,   Wiesbaden,    1914. 
'•Journ.    Hvg.,    1912    (12)    436. 
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Variations  in  the  Rate  of  the  Heart  Beat 

QUESTIONS  relating  to  the  pulse  rate  (and  the  heart  rate)  are  of  ever-con- 
tinuing interest,  and  everywhere  clinicians  discuss  with  eagerness  the 
variations  in  the  heart  beat  and  attempt  to  draw  conclusions  which  may  be 
more  or  less  valuable  in  proportion  to  the  knowledge  of  the  clinician  of  the 
physioiog}^  of  the  heart.  It  deserves  saying  that,  even  in  the  case  of  the  most 
careful  man,  the  knowledge  will  be  limited  because  so  little  is  known  of  the 
cause  of  the  cardiac  (and  therefore  the  pulse)  rate. 

There  are,  however,  a  certain  number  of  data  that  it  is  well  io  consider  in 
discussing  the  pulse  rate.  First  of  these,  is  the  fact  that  from  the  tacchycardiac 
pulse  of  the  infant  there  is  a  gradual  decrease  with  age,  from  about  130  at  birth 
to  85  at  about  the  twelfth  year,  with  a  further  decrease  to  an  average  of  about 
70  at  twenty  years.  This  average  remains  fairly  constant  up  to  say  50  years, 
after  which  time  there  is  a  slight  increase.  All  this  means  is  that  there  are  age 
variations  in  the  pulse.  Chotak  refers  to  these  variations  as  growth  period 
changes,  and  suggests  that  they  correspond  to  a  gradual  increase  of  vagus  tone. 
Perhaps  they  are  due  to  changes  in  the  motor  functions  of  the  heart.  The  dif- 
ficulty with  this  idea  is  that  we  do  not  know  what  "vagus  tone"  is,  nor  what 
"changes  of  motor  function"  are. 

Again  there  are  individuals  whose  average  pulse  rates  and  heart  rates  are 
above,  in  some  instances,  or  below,  in  others,  the  so-called  normal  average. 
There  are  persons  who  have  a  constant  rate  of  100.  There  are  also  persons 
whose  rate  is  constantly  below  70.  Since  the  cause  of  the  normal  rate  is  not 
known,  one  can  only  surmise  as  to  the  cause  of  the  variations.  In  certain  cases 
there  seems  to  be  an  anatomic  basis  for  the  tacchycardias  or  bradycardias. 
Michailoff,  for  instance,  found  a  neuroma  in  the  dorsal  cord  of  an  individual 
who  had  shown  a  tacchycardia  since  childhood  and  who  lived  to  be  62  years 
old.  In  this  case  the  cardiac  rapidity  may  have  been  due.  as  Michailoff  sug- 
gests to  a  mechanical  pressure  effect  upon  accelerator  fibres,  or  it  may  have 
been  due  to  some  other  factor. 

Again  there  are  differences  in  heart  rate  connected  with  sex,  size,  tempera- 
ture (Loeb  and  Ewald).  time  of  day  and  relation  to  meals  (Weber),  posture, 
etc.  Geigel  observed  an  average  loss  of  12  beats  during  recumbency  and  sug- 
gested that  this  was  the  result  of  increased  cerebral  pressure  and  vagus  irrita- 
tion. 

In  this  connection  the  observations  of  Klewitz  are  exceedingly  interesting. 
He  observed  an  average  loss  of  cardiac  frequency  of  19.9  per  cent  during  sleep. 
He  believes  that  this  loss  which  may  be  greater  under  perfectly  quiet  conditions 
is  the  result  of  cutting  down  of  afferent  ner\»)us  impulses  from  the  environ- 
ment. He  also  says  that  a  heart  in  which  there  is  a  compensated  valvular  lesion 
acts  like  a  normal  heart  in  respect  to  its  recumbency  losses,  and  that  in  decom- 
pensated tlie  losses  approach  the  normal  in  direct  proportion  as  the  lesion  is 
compen-sation ; — in  otlier  words,  that  the  i>ercentage  decrease  serves  as  an  in- 
dicator of  the  degree  of  decompensation.  In  se\  ere  cases  of  cardiac  decompensa- 
tion the  pulse  rate  during  sleep  may  run  above  the  waking  normal.  Such  a  heart 
cannot  recover  its  tone  during  sleep  as  does  a  normal   or  compensated   heart. 

A  considerable  number  of  observations  and  experiments  which   are  of  in- 
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terest,  have  been  made  to  elucidate  the  respiratory  cardiac  variations.  The  fact 
that  there  is  an  inspiratory  quickening  of  the  heart  rate  and  an  expiratory  slow- 
ing is  interesting  and  not  understood.  It  has  been  suggested  upon  the  basis  of 
experimental  work  that  these  respiratory  variations  are  the  result  oi  vagus  im- 
pulses and  that  the  respiratory  types  of  arrhythmias  which  are  observed  in  chil- 
dren, in  nervous  persons,  and  in  convalescence  from  acute  infectious  diseases, 
are  the  result  of  a  "certain  lability  of  the  vagus  center."  Such  phenomena  are, 
however,  observed  in  perfectly  healthy  individuals  (Putzig)  who  should  pos- 
sess, then,  particularly  "labile  vagus  centers."  These  so-called  "vagus  arrhyth- 
mias" (Pongs)  form  a  cumbersome  group.  It  includes  the  sinus  arrhythmias 
of  the  respiratory  type,  the  arrhythmia  infantilis,  those  which  appear  during 
convalescence  from  infectious  diseases.  Tabora  calls  them  the  nervous  ar- 
rhythmias. These  respiratory  variations  were  originally  conceived  as  being  due 
to  purely  mechanical  effects  produced  by  intrathoracic  pressure  changes.  This 
was  in  the  days  when  nervous  influences  were  supposed  to  be  supreme.  Experi- 
mental work  however  has  shown  that  this  was  not  the  case.  Later  it  w^as  con- 
sidered possible  that  they  were  due  to  reflexes  from  the  lungs  to  the  vagus.  Ex- 
perimental work  has  not  substantiated  this  conception  nor  that  which  consid- 
ered the  variations  the  result  of  reflexes  from  the  respiratory  muscles.  Fol- 
lowing these  nervous  explanations  have  come  the  chemical  ones.  One  theory 
was  tliat  the  respiratory  frequency  of  the  pulse  was  dependent  upon  the  de- 
gree of  oxygenization  of  the  blood,  because  during  ventilation  of  the  lungs  with 
oxygen  the  expiratory  slowing  was  absent,  and  when  the  oxygen  supply  ran  low 
the  slowing  reappeared. 

Finally  since  it  has  been  shown  that  the  cardiac  variations  occur  in  com- 
plete absence  of  nervous  influences,  recent  workers  have  fallen  back  on  the 
theory  that  the  variations  are  metatolic  in  origin,  or  that  they  are  the  results 
of  temperature  changes  in  the  blood.  Peterson  and  Gasser  showed  that  the 
products  from  fatigued  muscles  increased  the  forces  of  systole  with  but  slight 
slowing  of  the  heart  beat.  Mansfeld  showed  that  CO,  does  not  increase  the 
pulse  rate.  Other  workers  also  have  shown,  apparently,  that  metabolites  alone 
do  not  affect  the  rate  of  the  heart  and  pulse. 

Mansfeld's  work  indicates  that  temperature  increases  of  the  blood  are  es- 
sential. He  showed  that  tetanization  of  the  musculature  of  animals  produces 
increases  of  temperature  in  the  right  heart,  and  with  hot  salt  solutions  injected 
into  the  femorals  an  evident  "heat  acceleration"  of  the  heart  was  produced. 
The  worst  of  it  is  that  Mansfeld  guesses  that  there  are  heat  nerves  in  the 
heart  which  act  in  making  with  the  accelerators  a  reflex  arc. 

It  seems  that  in  the  insistence  upon  the  necessity  of  nervous  impulses  the 
investigators  are  making  a  hard  thing  out  of  an  easy  one.  It  is  certainly  true 
that  nervous  impulses  are  useful  to  normal  function,  but  that  does  not  make 
them  absolutely  essential.  It  must  be  true  that  they  influence  metabolism  by 
changing  the  rates  of  chemical  changes.  But  when  one  can  sever  all  nervous 
connections  and  still  obtain  all  the  usual  effects  (which  usually  appear  more 
slowly)  in  their  normal  order  it  becomes  evident  that  it  is  not  necessars"  to 
theorize  about  nerve  fibres  and  nervous  impulses  concerning  which  nothing  is 
known.     And  when    evidence    is    given    that    temperature  variations  may  con- 
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dition  heart  rate,  an  essential  factor  has  been  found  that  needs  no  nerves  to 
help  it.  In  infants,  metabolism  is  very  rapid;  the  blood  reaching  the  right 
heart  is  warmer  than  that  which  reaches  it  during  quiet  in  the  adult.  The 
heart  ought  to  be  quicker.  In  the  adult,  exercise  which  increases  metabolism 
reproduces  the  infantile  conditions  and  the  heart  is  quicker.  Inspiration  slows 
the  influx  of  blood  to  the  heart;  expiration  increases  it,  and  so  quickens  the 
pulse,  and  the  quickening  is  shown  in  the  inspiratory  phase  because  it  has  not 
the  opportunity  to  produce  itself  sooner. 

These  remarks  are  not  intended  to  eliminate  the  nerves.  In  the  neurotic 
individual  it  is  entirely  probable  that  impulses  reach  the  heart  by  way  of  the 
nerves  and  that  depending  upon  which  group  is  affected,  the  heart  is  slowed 
or  quickened,  by  which  we  mean  that  the  metabolism  of  the  myocardium  is 
increased  or  decreased.  During  such  a  process  heat  must  be  produced  eyen 
though  it  is  not  appreciable.  \\  e  know  that  ver}^  slight  temperature  changes 
modify  deeply  the  changes  in  chemical  solutions,  and  particularly  in  colloids. 
One  would  say  then  that  the  pulse  rate  variations  are  the  results  of  metabolic 
changes  in  the  myocardittm  which  are  brought  about  by  temperature  changes, 
and  that  these  result  from  increased  chemical  activity  in  other  parts  of  the 
body  when  heat  enough  is  produced  to  cause  the  myocardial  change,  or  in  the 
heart  itself,  through  the  influence  of  the  nerves,  which  increase  (accelerators)  ; 
or  decrease   (vagus)  the  rapidity  of  the  chemical  changes. 

It  is  significant  that  Laurens  reached  the  conclusion  from  his  experiments 
on  Ambly stoma  embryos  that  (in  those  animals)  the  rate  of  the  heart  beat  is 
a  logarithmic  function  of  the  temperature;  that  the  acceleration  of  the  heart 
beat  is  greater  for  lower  temperatures  than  for  higher;  and  that  Van't  Hoff's 
law  for  the  velocity  of  chemical  reactions  in  relation  to  temperature  holds  for 
the  heart  beat.  For  the  present,  these  results  of  Laurens  are  of  greater  sig- 
nificance than  those  of  Martin,  Gruber  and  Lanman,  which  lead  them  to  the 
conclusion  that  (in  humans)  the  pulse  rate  was  not  dependent  upon  the  tem- 
perature. 
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The  Function   of  the  Spleen 

X  speaking  of  tlic  function  of  the  spleen,  one  may  recall  the  story  of  the  Gor- 
man profes-sor  and  the  American  student.  Tlu'  professor  asked  a  mem- 
ber of  his  class  to  tell  him  what  the  function  of  the  spleen  was.  The  stiKJeiit. 
after  some  cogitation,  said  that  he  was  .^orry  ;  he  had  known.  l)iit  that  he  had 
forgotten.  At  which  the  professor  threw  up  his  hands  and  said:  "t'.ott !  only 
•one  man  has  known  tliis.  and  he  has  forgotten!" 

The  correct  conception  of  the  role  of  the  spleen  is  that  it  is  in  part  a  filter 
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for  the  blood,  and  in  part  a  graveyard  and  reduction  plant  for  the  red  blood 
cells.  In  it  senile  or  dead  red  cells  are  filtered  out,  held  and  made  use  of 
by  processes  in  splitting  which  free  and  modify  the  materials  of  which  these 
cells  are  composed,  sending  part  to  the  liver  to  be  used  as  bile,  and  part  to 
the  bone  marrow  to  be  used  in  blood  liuilding.  That  this  function  is  not  an 
important  one  may  be  surmised  from  the  results  of  splenectomy. 

In  a  recent  article,  Asher  and  Ebnother^  report  some  experimental  work 
which  seems  to  have  an  important  bearing  upon  the  function  of  the  spleen. 
They  showed,  first  of  all,  that  liver  extracts  have  a  decided  hemolytic  action, 
and  that  splenic  extracts,  though  they  may  act  hemolytically,  do  not  act  con- 
stantly or  strongly  in  this  way.  But  they  also  showed  that  by  mixing  liver  and 
spleen  extracts,  hemolysis  was  far  more  active  than  it  ever  is  in  the  absence 
of  the  splenic  constituents.  Whatever  material  is  the  active  one  is  thermolabile 
and  is  not  soluble  in  alcohol  or  ether.  It  is,  they  suggest,  "either  a  ferment  or 
a  colloidal  substance." 

Their  experiments  with  hemoglobin  solutions  show  that  in  their  action  upon 
this  substance,  the  organ  extracts  behave  as  they  do  toward  red  cells,  that  is, 
spleen  extracts  augment  the  lytic  action  of  liver  extracts,  and  that  only  spleen 
extracts  will  act  in  this  way.  Other  organ  extracts  are  inactive.  Moreover, 
during  the  process  of  lysis  (or  rhexis)  of  hemoglobin,  the  process  does  not  go 
to  the  extent  of  freeing  the  iron, — hemin  is  not  obtained.  The  authors  call  at- 
tention to  the  fact  that  they  have  discovered  another  very  interesting  example 
01  organic  dependence  or  tissue  correlation. 

This  work,  if  it  be  established,  has  a  very  useful  practical  clinical  bearing. 
Heretofore  splenectomy  has  been  an  experiment.  It  has  been  done  as  a  last 
jesort.  But  if  in  certain  ansemic  conditions  it  can  be  shown  that  abnormal 
hemolysis  is  fundamental,  and  that  the  ansemia  is  due  to  it  rather  than  to  a  lack 
of  production  of  blood  cells  or  pigment,  then  it  wall  be  logical  and  not  merely 
empirical  to  remove  the  organ  which  furnishes  the  normal  augmenter  of  hemo- 
lysis. In  such  cases  it  may  be  that  the  liver  itself  is  primarily  over-active, 
or  that  the  spleen  is  over-producing  its  augmenting  substance. 

Another  indication  of  a  very  useful  function  of  the  spleen  is  to  be  found 
in  an  article  of  Launoy  and  Levy-Bruhl.-  These  w-riters  point  out  that  in 
the  case  of  infection  with  spirochseta  gallinarum,  splenectomy  increases  the  grade 
of  septicaemia  but  reduces  the  severity  of  the  disease  in  that  the  toxic  symp- 
toms are  much  less  marked  than  in  other  normal  animals.  Evidently  the  spleen 
ib  (in  this  disease  at  least)  a  very  useful  filter,  but  at  the  same  time  it  is  also 
a  very  active  culture  tube  in  which  toxins  are  produced.  It  may  perhaps  be 
found  that  other  infectious  diseases  depend  for  their  severe  symptoms  upon  this 
function  of  the  spleen.  The  opposite  point  of  view  has  been  emphasized  by 
Bardach,  who  found  that  splenectomized  dogs  were  much  less  resistant  to  an- 
thrax than  normal  ones.  Bradford  and  Plimmer  found  that  splenectomized  ani- 
mals inoculated  with  Trypanosoma  brucei,  died  more  quickly  than  others. 

'Asher   and    F.bnother :      Zentralb.    f.    Physiol.,    1915    C30)    61-64. 
-'Ann.    Inst.    Pasteur.,    1915    (29)    213. 
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Lesions  of  the  Pancreas  in  Diabetes 

THERE  is,   as  Labbe,   Laignel-Lavastine   and   Vitry^    say,    scarcely    another 
question   concerning  wliich  more   controversy  exists   than  that   relating  to 
the  relationships  of  diabetes  and  anatomic  changes  in  the  pancreas. 

Previous  to  the  present  era  of  discussion  which  began  with  Lancereaux  in 
1877,  many  writers  had  noted  the  presence  of  pancreatic  lesions  in  cases  of 
diabetes,  and  after  tliis  time,  e\en  to  the  present,  lesions  of  the  abdominal 
salivar}^  gland  are  sought  for  in  all  cases  in  which  death  has  occurred  in  the 
course  of  the  clinical  complex  known  as  diabetes  mellitus.  The  period  of  ex- 
perimental work  on  pancreatic  diabetes  really  commenced  with  Mering  and 
Minkovski  who  produced  the  essential  features  of  the  disease  by  removing  the 
pancreas.  From  this  time  the  reports  of  histologic  lesions  in  the  pancreas  be- 
gan to  be  looked  upon  as  an  essential  of  the  disease. 

But  at  the  same  time,  histologic  studies  of  the  pancreas  in  other  clinical 
conditions  than  diabetes,  in  which  there  was  no  abnormal  secretion  of  sugar, 
began  to  be  made  wliich  gave  evidence  that  the  lesions  commonly  associated 
with  diabetes  were  also  present.  Chronic  interstitial  pancreatis  invohing  the 
pancreas  as  a  whole,  only  the  tissue  of  the  external  secreting  part  of  the  gland, 
or  only  the  islands,  has  been  found  associated  with  the  most  various  conditions. 
In  biliary  lithiasis  the  most  diverse  lesions  of  the  pancreas  may  exist,  but 
sclerosis  is  the  predominating  one,  existing  in  80  of  100  cases  (Mayo  Robson). 
Weichselbaum  has  said  that  the  use  of  alcohol  predisposes  to  chronic  pan- 
creatitis. Chabrol  has  observed  the  same  disposition  in  cardiac  conditions. 
As  a  matter  of  fact,  the  most  various  factors  have  been  reported  as  the  causes 
of  pancreatic  changes.  And  nevertheless  in  very  many  instances,  no  matter 
what  the  type  of  lesion,  glycosuria  has  been  absent.  In  Schmidt's  series  of 
cases  of  diabetes,  on  the  other  hand,  he  found  a  normal  pancreas  in  each  of 
8  cases,  and  in  tlie  majority  of  the  other  fifteen,  there  was  so  little  change  as 
to  seem  insufficient  to  account  for  the  symptoms.  Many  writers,  among  them 
Hansemann,  have  only  exceptionally  found  insular  lesions  in  diabetes,  thougii 
Opie  and  others  considered  insular  lesions  more  or  less  essential.  (It  is  of 
course  to  be  remembered  that  the  pancreas  tissue  may  be  alinormal  in  its  re- 
sponse without  showing  any  gross  or  microscopic  lesion. )  Hansemann  con- 
siders the  difi^use  sclerosis  which  is  analogous  to  that  of  the  small  red  kid- 
ney, the  essential  diabetic  pancreatic  lesion. 

Certain  writers  ( Laguesse,  Curtis,  Gelle)  believe  that  it  is  impossible  to 
separate  the  insular  lesions  from  the  acinar  ones,  for.  they  say.  histology  seems 
to  show  that  there  is  a  continual  transition  from  acini  to  islands  and  from 
islands  to  acini  and  that  lesions  involving  the  one  should  afleot  the  other. 
As  a  matter  of  fact,  the  sections  of  pancreas  made  from  post  mortem  tis>ue> 
in  the  Cincinnati  General  Hospital,  show  as  a  rule  diffuse  changes  rallier  than 
ones  localized  in  one  or  another  part  of  the  glands. 

Labbe,  Laiguel-Lavastine  and  \'itry  have  for  >e\eral  years  made  a  histo- 
logic study  of  the  pancreas  tissue  obtained  from  thirty-seven  iiulivi(Uials  wh<» 
died   of  very  diverse  affections,   and    from   nineteen    who   died   ol    diabetes.      In 

'Aichives    dc    nicd.    cxpt-r.,    cl    (I'an.it.    patliol.,    1914    (_'6)    366. 
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both  groups  the  same  lesions  were  observed  and  so,  it  appears,  tlic  mere  pres- 
ence of  certain  types  of  histologic  changes  does  not  indicate  the  presence  of 
diabetes ;  in  other  words,  there  is  no  pathognomonic  pancreatic  lesion  in  that 
disease.  — ^'-  (j-   W. 


Cardiac  Murmurs 


OXE  sometimes  observes  the  tendency  in  some  practitioners  to  overempha- 
size the  importance  of  cardiac  murmurs.  One  more  frequently  observes 
the  enthusiasm  with  which  a  student  seizes  upon  a  murmur  at  one  of  the  car- 
diac valves  as  the  one  clinical  fact  upon  which  he  proceeds  to  rest  a  diagnosis. 
And  yet  it  may  be  that  the  murmur  is  the  least  important  expression  of  phys- 
ical deficiency.  Cardiac  murmurs  have  an  essential  value  only  when  the  whole 
cardio-vascular  system  is  considered,  and  often  only  when  the  whole  corporeal 
system  of  the  individual  is  taken  into  account.  Such  remarks  apply  not  only 
to  murmurs  but  also  to  many  other  cardiac  phenomena.  It  is  therefore  use- 
ful when  a  writer  of  experience  calls  attention  to  the  fallacies  of  judging  a 
patient  by  an  isolated  clinical  phenomenon.  Parsons-Smith,^  for  instance, 
says  that  murmurs  must  be  investigated  with  care,  in  making  interpretations 
from  them,  because  a  heart  in  which  a  murmur  occurs  may  be  a  perfectly  ef- 
ficient one,  and  suited  to  the  individual  for  whom  it  works.  Also  the  amount 
of  damage  in  a  heart  cannot  be  deduced  from  a  study  of  the  murmur  alone. 
It  is  what  a  heart  does,  not  what  it  sounds  like,  that  indicates  its  value, — its 
strength  or  weakness.  If  at  the  end  of  a  period  of  reasonable  physical  strain 
(or  mental?)  the  heart  has  lost  no  tone, — shows  no  dilatation,  it  is  a  func- 
tionally good  heart  no  matter  how  it  whistles  or  blows.  If  it  loses  tone  then 
it  is  not  functionally  fit,  no  matter  if  no  abnormal'  sounds  are  heard.  Changes 
in  the  size  of  a  heart  after  exertion  may  be  decided  in  many  cases  b}^  use  of 
the  X-ray  plate  or,  better,  the  fluoroscope. 

iThe    Practitioner,    1915    (94)    533. 

—P.     G.     W. 
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ORIGINAL  ARTICLES 


ON  THE   PRESENT    STATUS    OF  THE    ABDERHALDEN    REACTION 

AND  OF  THE  THEORY  OF  THE   SO-CALLED 

ABWEHRFERMENTE* 


By  J.  Bkonfenbrexker,  Ph.D.,  Pittsburgh,  Pa. 


IN"  one  of  the  papers  of  last  year  Oeller  and  Stephan^  after  liaving  reviewed 
the  work  of  different  authors  as  well  as  on  the  basis  of  their  own  experi- 
ence with  the  Abderhalden  Reaction,  came  to  the  following  conclusion  : 

"We  think  that  further  progress  in  the  study  of  this  subject  is  possible 
only  on  the  condition  that  we  throw  overboard  without  hesitation  all  the  clinical 
results  obtained  with  the  Dialysis  Reaction  up  till  now  and  begin  the  study  anew. 

"One  must  openly  admit  that,  in  spite  of  the  fact  that  this  method  can 
give  and  has  undoubtedly  given  under  certain  conditions  biologically  true  re- 
sults, the  exact  study  of  the  subject  is  impossible  because  the  errors  in  the  re- 
sults are  fundamentally  connected  with  the  very  technic  of  the  method." 

\\  hoe\er  has  had  experience  in  performing  the  Abderhalden  Test  for  diag- 
nostic purposes  in  a  routine  laboratory  will  undoubtedly  accept  at  least  the 
second  jiart  of  the  above  statement.  Moreover  a  number  of  investigations 
originating  from  dift'erent  laboratories  continuously  increase  the  evidence  against 
the  very  nature  of  "Abwehrfermente"  as  understood  by   Abderhalden. 

In  spite  of  the  fact  that  among  those  who  were  unable  to  conlirm  Abtlcr- 
halden's  findings  we  see  the  names  of  men  very  prominent  in  the  field  of  re- 
search in  immunity,  Abderhalden  usually  attributed  unsatisfactory  results  ob- 
tained by  these  investigators  to  the  fact  that  they  did  not  use  all  the  necessary 
precautions  prescribed  by  him  for  the  carrying  out  of  the  test. 

Abderhalden  actually  says  that  one  should  not  attempt  even  to  discuss 
the  practical  value  of  the  test  or  its  theoretical  basis  so  long  as  one  is  unable 
to  obtain  satisfactory  results  in  preliminary  tests.  He  begins  on<-  of  his  articles' 
by  saying: 

"A  method,  whatever  l)e  its  nature,  can  give  comparable  results  in  the  hands 

*From   the   Research    Laboratories    of   the  Western    Pennsylvania    Hospital,    riltfluirKh,    Pa. 
^Oeller   and    Stephan :      Dent.    Med.    Woch.,    1914,   No.    31,   p.    IS57. 
-'AhderliaUlcM  :      Muncli.    Med.    Woch.,    1914,    No.     -S.    p.    2ii. 
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of  different  workers  only  after  each   individual   investigator  has   mastered   the 
test  so  as  not  to  obtain  contradictory  results." 

Abderhalden  is  quite  right  in  what  he  says,  Inil  the  main  trouble  with 
the  Abderhalden  Reaction  is,  that  on  account  of  its  very  nature  it  is  impossible 
to  obtain  always  results  free  from  contradiction  until  the  true  nature  of  the 
phenomena  involved  is  better  known. 

In  the  last  two  years  I  have  conducted  w  ith  my  collaborators  a  number  of 
investigations  into  the  nature  of  Abwehrfcrmente  of  Abderhalden,  as  well  as  in 
the  mechanism_s  of  the  Abderhalden  Dialysis  Method  for  diagnosis. 

Before  relating  our  results  I  would  like  to  describe  in  shorl  the  principles 
involved  in  the  test. 

The  experiments  of  W'einland'^  have  shown  that  the  parenteral  introduc- 
tion of  cane  sugar  is  followed  by  the  appearance  in  the  blood  of  experimental 
animals  of  a  specific  ferment  of  the  nature  of  invertin.  Later,  especially  the 
experiments  of  Abderhalden  and  his  numerous  collaborators,  have  suggested 
that  this  apparent  production  of  a  specific  enzyme  following  upon  the  parenteral 
introduction  of  foreign  material  is  an  expression  of  a  general  mechanism  of 
protection  on  the  part  of  the  invaded  organisms,  and  the  ferments  were  accord- 
ingly called  "Protective"    (Abwehrfcrmente). 

According  to  Abderhalden  these  ferments  are  strictly  specific.  They  can 
be  demonstrated  in  the  blood  of  experimental  animals  within  24  hours*  after 
parenteral  introduction  of  foreign  substances  and  are  quite  independent  from 
antibodies  which  may  be  produced  simultaneously  by  this  treatment  of  animals. 
In  fact,  the  experiments  of  Weinland  and  of  Abderhalden  and  his  pupils  seem 
to  show  that  the  production  of  specific  ferments  is  an  even  more  general  proc- 
ess than  the  production  of  antibody.  For  whereas  antibody  can  be  demon- 
strated in  the  cases  of  parenteral  introduction  of  substances  of  animal  or  plant 
protein  origin  only,  provided  this  protein  is  foreign  to  the  species,  it  is  claimed 
that  the  specific  ferments  have  been  demonstrated  not  only  upon  the  parenteral 
introduction  of  such  substances,  but  also  upon  that  of  proteins  of  homologous 
and  even  autogenous  nature,  provided  these  substances  are  foreign  to  the  blood 
("blutfremd").  Moreover  the  parenteral  introduction  of  substances  like  gel- 
atin, pepton,  cane  sugar,  or  casein  is  proved  by  the  Abderhalden  school  to  pro- 
duce specific  ferments  capable  of  attacking  said  substances  both  m  vitro  and  in 
vivo.  Thus  the  group  of  substances  which  can  play  the  part  of  antigen  in  the 
production  of  antibody  is  included  in  that  of  the  substances  capable  of  causing 
the  production  of  specific  ferments,  but  is  only  part  of  it. 

Another  apparently  fundamental  difference  between  the  nature  of  anti- 
bodies and  specific  ferments  is  the  mode  of  their  action.  The  antibodies,  al- 
though directly  responsible  for  the  specificity  of  the  protective  processes  in  the 
body  through  their  property  of  anchoring  the  antigen,  do  not  in  themselves 
present  any  active  principle,  and  it  is  to  the  complement  that  Ehrlich  and  his 
school  attribute  the  property  of  acting  upon  the  antigen.  The  protective  fer- 
ments of  Abderhalden,  however,  are  assumed  to  possess  the  property  of  directly 
digesting  the  antigen,  and  it  is  on  the  appearance  of  the  products  of  such  direct 
digestion  in  vitro  that  the  diagnostic  method  of  Abderhalden  is  based. 

'Weinland:      Zeitschr.    f.    Biol.,    1907,    p.    279. 

^Abderhalden :      Alnvehrfermente,     4th     Ed.,     1914,     pp.     77-78. 
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The  fundamental  principle  of  the  test  is  thus  as  follows ;  If  the  serum 
containing  specific  protective  ferments  is  brought  in  contact  in  vitro  with  the 
substance  which  stimulated  the  production  of  given  ferments  in  the  body  of  the 
donor  the  ferments  attack  such  substratum.  The  digestion,  which  results,  is 
characterized  by  the  appearance  of  soluble  split  products  exhibiting  the  prop- 
erty to  change  the  plane  of  the  polarized  light  as  well  as  the  ability  to  dialyse 
through  animal  membrapes. 

Accordingly,  x\bderhalden  suggested  two  procedures  for  the  detection  of 
digestion  taking  place  in  the  test;  (1)  the  so-called  optical  method,  necessitat- 
ing expensive  apparatus  and  therefore,  less  widely  used,  and  (2)  the  so-called 
dialysis  method  which  is  almost  exclusively  used  in  the  diagnostic  work  and 
consists  in  the  following  procedure. 

Serum  of  the  patient  in  whom  the  presence  of  protective  ferments  is  sus- 
pected as  a  result  of  possible  invasion  of  his  blood  circulation  by  foreign  sub- 
stances (syncytial  cells,  cells  of  malignant  growth,  bacteria,  etc.,  as  the  case 
may  be)  is  placed  in  a  specially  selected  dialysing  thimble  together  with  some 
of  the  material  (substratum)  which  is  suspected  to  have  invaded  the  blood. 
Such  thimble  is  then  placed  in  a  container  with  the  water  and  the  whole  is  in- 
cubated in  a  thermostat.  If  the  serum  of  the  patient  contains  the  specific  fer- 
ment in  question,  such  ferment  digests  part  of  the  substratum  and  the  soluble 
products  of  digestion  penetrate  through  the  wall  of  the  thimble  into  the  outer 
fluid  in  the  container.  The  presence  of  such  protein  split  products  in  the  dialy- 
sate  is  further  ascertained  by  means  of  a  chemical  reagent  "ninhydrin"  specially 
adapted  for  this  work.  From  the  findings  of  the  protein  in  the  dialysate.  one 
concludes  that  the  digestion  must  have  taken  place  during  incubation. 

Experience  showed,  however,  that  the  test  may  be  rendered  valueless  through 
even  a  slightest  deviation  from  the  rigid  procedure.  The  most  insignificant  de- 
fect in  thimbles  or  other  parts  of  the  apparatus  or  tcchnic  constitute  a  great 
source  of  errors   in   the   results. 

It  is  therefore  essential  that  from  the  beginning  to  the  end  the  technic  pre- 
scribed by  Abderhalden  must  be  followed  in  all  details.  In  our  experiments  we 
followed  the  procedure  described  by  Abderhalden  in  numerous  publications  and 
added  to  it  in  a  few  instances  some  improvements  in  details  provided  these 
changes  were  directed  towards  the  ends  emphasized  by  Abderhalden  himself. 
Thus,  for  instance,  we  included  all  the  suggestions  we  could  find  in  the  direction 
of  freeing  the  serum  "i  liemoglobin.  freeing  placenta  of  blood,  preventing  bac- 
terial decomposition  of  the  contents  of  thimbles,  rigid  control  of  thimbles,  uni- 
formity of  boiling  with  ninhydrin,  etc.,— all  of  which  improvements  are  thorough- 
ly in  accord  with  Abderhalden's  conception  of  the  method. 

Technic  ok  the  Abderh.xlden   Test 

Scrum. — In  collecting  the  blood  scrum  one  mu>l  guard  again>«t  the  t't>llow- 
ing  sources  of  error : 

Since  the  test  depends  on  the  api)earance  of  dialysable  ninhydrin  reacting 
substances  it  is  most  essential  that  such  substances  should  not  be  present  in  the 
serum  before  its  incubation  with  sub.stratum.  Fortunately  in  normal  cases  the 
amount  of  such  dialysable  substances  in  the  blocnl  is  too  small  to  complicate  the 
test,    but    under    certain    pathological    conditions    in    which    protein    katabolism 
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is  involved  (such  as  in  cases  of  abscess  formation,  resorption  of  exudates  or 
transudates,  hemorrhages,  etc.)  the  blood  may  contain  considerable  quantity  of 
such  substances.  On  the  other  hand  even  physiologically  the  amount  of  dialy- 
sable  protein  constituents  of  the  blood  is  largely  increased  during  and  some  time 
after  the  active  digestion  of  food.  The  blood  is  ihereforc  taken  as  long  after 
the  last  meal  as  possible.  And  as  for  the  pathological  conditions  in  which  the 
increased  amount  of  dialysable  protein  constituents  cannot  be  regulated  at  will, 
it  is  necessary  to  free  the  serum  of  such  substances  by  a  preliminary  dialysis 
and  only  after  having  the  serum  so  prepared,  one  can  perform  the  Abderhalden 
Test,  otherwise  the  test  is  not  reliable. 

It  is  very  often  emphasized  by  Abderhalden  that  tlie  serum  be  absolutely 
free  from  hemoglobin."'  This  is  of  especial  importance  in  the  optical  method 
of  diagnosis.  As  for  diagnosis  by  the  method  of  dialysis  many  authors  have 
stated  that  the  presence  of  hemoglobin  in  the  serum  often  causes  nonspecific  re- 
actions.'' 

If  the  serum  contains  red  blood  cells,  even  in  a  very  small  quantity,  the  out- 
come of  the  test  is  subject  to  doubt  because  such  cells  undergo  hemolysis  when 
the  outer  fluid  penetrates  inside  the  dialysing  thimble  and  the  hemoglobin  as 
well  as  some  of  the  other  soluble  protein  constituents  of  the  cells  may  cause 
the  dialysate  to  react  with  ninhydrin  in  a  nonspecific  manner. 

In  short  the  procedure  of  collecting  the  serum  for  the  test  is  as  follows : 

In  cases  of  both  pregnant  and  normal  individuals  20-25  c.c.  of  blood  is 
withdrawn  aseptically  preferably  before  breakfast  from  the  median  vein  of  the 
arm.  A  large  Luer  syringe  and  a  large  lumen  needle  are  used  for  the  purpose. 
The  syringe  and  needle  are  sterilized  by  boiling,  and  allowed  to  dry  thoroughly 
before  use.  Immediately  after  collection  the  blood  is  transferred  from  the 
syringe  into  sterile  centrifuge  tubes  coated  on  the  inside  with  paraffin  and  cen- 
trifuged  at  high  speed;  the  serum  is  separated  from  the  sediment  by  means  of 
a  sterile  pipette  and  placed  in  a  second  sterile  centrifuge  tube  for  a  repeated 
centrifuging.  The  clear  serum  is  then  separated  and  placed  on  ice  until  the 
time  for  using. 

Selection  of  Thimbles. — It  is  known  that  colloids  do  not  penetrate  ani- 
mal membrane.  All  natural  proteins  being  colloids  therefore  are  not  dialysable. 
The  slightest  digestion  of  proteins,  however,  yields  soluble  substances,  pep- 
tones, which  are  able  to  dialyse.  If  thus  a  natural  protein,  \\liich  is  nondi- 
alysable  is  placed  inside  of  an  organic  membrane  surrounded  by  water  and  is 
acted  upon  by  a  proteolytic  enzyme,  the  natural  protein  is  changed  in  the  proc- 
ess of  digestion  and  its  split  products  (peptones,  amino  acids,  etc.)  character- 
ized by  their  ability  to  pass  through  the  membrane,  appear  in  the  fluid  sur- 
rounding the  membrane.  This  can  be  ascertained  by  a  biuret  reaction  applied 
to  the  dialysate.  This  selective  relation  of  organic  membrane  to  true  proteins  and 
their  split  products  is  made  use  of  in  the  study  of  ferment  action  in  general, 

*In  order  to  avoid  breaking  down  of  red  blood  cells,  one  must  not  place  the  whole  blood  on 
ice  nor  in  the  thermostat  because  red  blood  cells  often  undergo  hemolysis  at  low  temperature  and 
if  placed  in  the  thermostat,  the  cells  may  undergo  autolysis,  either  of  which  will  render  the  serum  un- 
suitable  for   the   test. 

*In  our  experiments  we  were  most  careful  to  avoid  the  presence  of  hemoglobin  in  the  serum, 
in  spite  of  the  fact  that  our  experiments  as  well  as  those  of  other  workers  (De  Waele,  Munch.  Med. 
W^och.,  1914,  p.  364;  Lange,  Berl.  Klin.  Woch.,  1914,  p.  785,  and  others)  could  not  detect  any  marked 
influence  of  hemoglobin  (in  the  amount  in  which  it  may  be  present  in  the  serum  as  a  result  of  par- 
tial   hemolysis)    on    the    specificity    of    the   test. 
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and  Abderhalden  puts  it  as  the  basis  of  his  Dialysis  Test  for  detection  of  "Pro- 
tective Ferments." 

It  is  evident,  that  the  selective  action  of  membranes  is  possible  only  on  con- 
dition that  the  membrane  is  intact  through  all  the  surface  of  its  contact  with 
the  natural  protein.  If,  for  instance,  there  should  be  even  a  slightest  puncture 
in  a  membrane,  the  unaltered  protein  will  go  through.  On  the  other  hand,  ex- 
perience has  shown  that  among  the  membranes  used  in  dialysis,  there  exist 
wide  individual  variations  in  permeability  to  dialysable  substances.  Thus,  for 
instance,  of  the  two  apparently  identical  membranes,  one  may  let  through  pep- 
tones with  great  ease,  whereas  the  other  may  let  them  thiough  very  little  or 
sometimes  even  not  at  all.  It  is  evident  that  in  cases  when  the  dialysis  through 
the  membrane  is  to  be  made  the  basis  for  drawing  conclusions  as  to  the  physico- 
chemical  nature  of  substances  within  it,  it  is  imperative  to  eliminate  this  vari- 
ability in  the  density  of  the  wall  of  the  membrane.  With  this  in  view  Abder- 
halden has  examined  a  number  of  dififerent  membranes  and  finally  made  his 
choice  of  dialysing  thimbles  made  by  Schleicher  and  Schiill  and  designated  by 
the  number  579-A.  These  thimbles  show  a  comparative  uniformity  as  to  per- 
meability by  standard  solutions  of  dialysing  substances  both  of  organic  and  in- 
organic nature.  As  the  whole  outcome  of  the  Abderhalden  Test,  however,  de- 
pends on  this  uniformity  of  thimbles  as  well  as  in  their  being  free  from  me- 
chanical injury,  it  is  essential  to  always  ascertain  these  qualities  in  individual 
thimbles  before  they  can  be  used  for  the  test  proper. 

Test  for  the  I mpermc ability  to  Natural  Protein. — The  new  thimbles  are 
placed  for  a  couple  of  hours  in  cold  distilled  water  until  they  are  completely 
penetrated  by  it  and  are  comparatively  soft  and  pliable."  At  this  time  each 
thimble  is  tested  as  to  its  efficiency  on  the  one  hand  of  holding  back  tlie  natural 
protein  and  on  the  other  of  allowing  the  dialysis  of  soluble  protein  derivatives 
and  split  products  with  desired  ease. 

As  a  substance  to  test  the  impermeability  of  thimbles  to  true  proteins,  Ab- 
derhalden advocated  the  use  of  a  20  per  cent  emulsion  of  egg-white'^  or  of  nor- 
mal serum."  Before  using,  each  thimble  is  quickly  sterilized  by  a  short  im- 
mersion in  boiling  distilled  water  (about  30  seconds).  In  placing  iho  protein 
emulsion  in  the  thimble  one  must  be  always  very  careful  to  deposit  it  as  car,^- 
fully  as  possible  on  the  bottom  of  the  thimble.  This  precaution  is  iiccessary  be- 
cause if  even  the  slightest  amount  of  protein  is  deposited  on  the  outer  vva)U  o£ 
the  thimble,  the  test  will  not  be  reliable,  since  the  whole  egg-wlu'tc^  as*  well  as 

'It  is  essential  to  remember  that  at  no  time  tin-  lliiinhles  are  to  lie  allowed  to  ilrv  nfter  llicy 
are  first  taken  out  for  use.  Dried  thimhies  are  exirenuly  Irattile.  \n  orilcr  to  keep  tlictn  moist. 
the  thimbles  are  placed  in  a  container  with  sterile  distiikd  water  which  protects  tiiem  also  from  me- 
chanical injury  due  to  liandling,  as  the  water  softens  all  the  possible  shock  to  which  tiic  oiitcr  i.ir 
may  l)e  sv.hject.  besides,  if  the  thimble  is  once  used,  it  may  retain  a  trace  of  protein  on  its  sur- 
face, and  in  case  it  is  allowed  to  dry,  the  protein  is  subseiiucntly  washed  out  only  with  prcit  difTi- 
culty.  Moreover,  during  the  liine  wliile  the  thimble  is  dryiirR,  bacteria  which  it  cont.iins  on  its  sur- 
face, in  multiidying,  may  close  up  some  of  the  minute  pores,  from  which  it  is  very  diflicult  to  remove 
them    subsequently. 

All  of  these  possibilities  of  injtuy  to  the  thimbles  are  removed,  however,  if  thimbles  arc  prop- 
erly  washed   after   their   use   aiul    kept   under   sterile   water   in    presence   of   an   antiseptic. 

"In  making  the  emulsion  he  advises  to  use  veiy  fresh  eggs  and  in  .idtlition  to  carefully  dis- 
card all  the  gelatinous  part  of  the  egg-white,  using  only  the  p.irt  which  is  very  lluiJ  and  tmiform. 
Infeited    e<:g-vvhilc    will    contain    dialysable    iiroducts    of    decomposition. 

"It  seems  that  the  serum  is  more  preferable  in  certain  respects,  because  being  more  easily 
soluble  than  egg-white,  it  is  easier  removed  from  the  surface  of  thimbles  after  their  use  by  simple 
washing,  whereas  in  case  of  the  eggs,  it  is  always  necessary  to  use  a  soft  brush  and  help  the  re- 
moval of  protein  by  gentle  rubbing  during  the  washing.  However,  as  the  serun\  m.-jv  sometuue.s  con- 
tain dialysable  sub-glances,  and  thus  may  not  represent  sulVu-ic-ntly  uniform  natural  protein  for  the 
purpose  of  testing  tlie  impermeabiblv  oi  the  thimbles,  we  always  are  careful  to  dialysc  such  serum 
against  running  sterile  distilled  water  in  presence  of  thymol,  and  use  only  such  scrum,  freed  of  di- 
alysable   substances,    it    might    have    contained    for    the    test. 
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the  whole  serum  even  in  very  high  dilutions  gives  positive  biuret  or  niuh.ydrin 
tests.  It  is  therefore  advisable  in  case  of  doubt,  to  rinse  the  thimble  on  the 
outside  with  distilled  water,  so  as  to  insure  the  absence  of  protein  on  the  outer 
surface  of  the  thimble.  This  is  done  by  closing  the  open  end  of  the  thimble 
between  the  tongues  of  sterile  forceps^''  and  pouring  sterile  distilled  water 
from  a  wash  bottle  over  it.  The  water  must  not  be  blown  out  from  the  wash 
bottle,  for  little  by  little  the  saliva  collecting  in  the  mouth-piece  may  penetrate 
into  the  bottle  and  contaminate  the  water  both  with  bacteria  and  with  protein." 
After  having  placed  egg-white  or  serum  in  the  thimble,  one  places  the  latter 
into  a  glass  receptacle  containing  sterile  distilled  water,  covers  both  the 
contents  of  the  thimble  and  the  water  in  the  outside  receptacle  with  a  layer  of 
about  0.5  cm.  of  toluol  and  transfers  the  whole  in  the  thermostat  for  16-18  hours. 

In  placing  the  thimble  into  the  receptacle  with  water  it  is  advisable  to  take 
care  that  the  level  of  the  fluid  both  inside  and  outside  the  thimble  be  the  same, 
in  order  to  prevent  the  evaporation  of  the  water  from  the  higher  level  through 
the  wall  of  the  thimble. 

At  the  end  of  incubation  the  outer  fluid  is  removed  by  means  of  a  sterile 
pipette  and  examined  by  means  of  the  biuret  reaction  for  protein.^-  If  the  sub- 
stance within  the  thimble  is  free  from  dialysable  substances  and  if  the  thimble 
is  of  good  quality,  the  result  of  such  examination  should  be  negative. 

In  short,  the  test  of  thimbles  for  impermeability  to  true  protein  is  made  as 
follows : 

New  thimbles  are  placed  in  sterile  distilled  water.  After  one  iiour's  soak- 
ing each  thimble  is  quickly  immersed  into  boiling  distilled  water  (for  30  sec- 
onds), cooled  by  rinsing  with  cold  sterile  distilled  water  and  5  c.c.  of  20  per  cent 
solution  of  egg-white^^  is  carefully  placed  by  means  of  a  sterile  pipette  on  the 
bottom  of  the  thimble.  In  order  to  prevent  contamination  of  the  edge  of  the 
thimble  by  protein,  one  may  use  the  special  funnel  described  by  Malikjanz.^* 
Close  the  open  end  of  the  thimble  by  pressing  it  between  the  tongues  of  sterile 
forceps  and  rinse  the  outside  with  sterile  distilled  water.  The  loaded  thimble 
is  placed  into  a  glass  receptacle  of  Jena  glass  containing  suitable  amount  of 
sterile  distilled  w-ater  to  rise  to  the  level  of  the  fluid  within  the  thimble.  Both 
the  contents  of  the  thimble  and  outer  fluid  are  covered  with  a  layer  of  toluol 
about  0.5  cm.  in  thickness  and  the  receptacle  is  covered  with  a  small  round 
glass  plate. ^^  After  16-18  hours  10  c.c.  of  the  outer  fluid  is  withdrawn  by 
means  of  a  sterile  pipette^^  which  is  introduced  to  the  bottom  of  the  receptacle 
through  the  layer  of  toluol.^'     The  dialysate  is  placed  in  a  Jena  test  tube,  2.5 

^"In  selecting  the  forceps  one  must  be  careful  to  use  only  those  with  plain  tongues,  not  in- 
dented, so  as  not  to  injure  the  thimbles.  For  the  same  reason  it  is  preferable  to  round  up  the  ends 
of  the   tongues. 

"According  to  Abderhalden  the  saliva  gives  a  positive  ninhydrin  reaction  even  in  dilution  of 
1:1,000,000    with    distilled    water. 

^^Although  in  the  test  proper  it  is  preferable  to  use  ninhydrin  for  detection  of  protdn  in 
the  dialysate,  in  case  of  testing  the  thimbles  for  impermeability  to  true  proteins,  it  is  preferable  to 
use  biuret  tests.  The  reason  for  doing  so  is  that  the  biuret  is  more  sensitive  to  unchanged  or  very 
slightly  changed  protein,  whereas  the  ninhydrin  test  is  especially  sensitive  to  the  products  of  ad- 
vanced   digestion    of    protein,    but    less    useful    in    early    stages.      (See    Abderhalden,    4th    Ed.,    p.    217.) 

"One_  can  use  instead,  normal  serum,  previously  dialysed  against  running  water.  In  this  case 
one   uses   2.5    c.c.    of  serum   and   dilutes   it   with    salt   solution   up   to    5    c.c. 

"Afalikjanz:      Munch.    Med.    Woch.,    1914,    Xo.    23,    p.    1287. 

'■•This    is   done   to   keep   out    the   dust  as   well   as   to   prevent    rapid    evaporation    of    the    toluol. 

'«It  is  absolutely  necessary  to  use  a  chemically  clean  pipette  lor  each  test  and  avoid  even  the 
slightest   traces   of   saliva   to   reach    the   fluid   in   the   pipette. 

^'In  order  to  prevent  toluol  from  penetrating  into  pipette,  it  is  advisable  to  close  the  free  end 
of  it  tight  with  a  finger  while  going  through  the  toluol.  The  presence  of  a  slight  amount  of  toluol  does 
not,   however,    seriously   interfere   with   the    subsequent   test. 
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c.c.  of  sodium  hydroxide  solution  of  highest  purity  are  added  and  the  whole 
is  thoroughly  mixed  by  shaking  from  side  to  side.^*^  At  this  time  one  adds  to 
the  contents  of  each  test  tube  1.0  c.c.  of  a  0.2  per  cent  solution  of  copper  sul- 
phate, taking  care  that  it  should  run  along  the  wall  of  the  test  tube,  which  is 
held  for  this  purpose  in  an  inclined  position.  In  this  way  the  two  solutions 
remain  superimposed  and  in  a  short  time  there  will  be  a  more  or  less  intense 
violet  or  pink  coloration  at  the  ring  of  contact  of  the  two  fluids  if  the  dialysate 
contains  protein  and  in  such  cases  even  the  slightest  trace  of  coloration  in- 
dicates that  the  thimble  must  be  discarded.  In  case  however  there  is  no  colora- 
tion at  the  end  of  thirty  minutes  one  may  conclude  that  the  thimble  is  imperme- 
able to  protein  (unchanged)  and  may  be  used  for  the  test  provided  it  is  per- 
meable to  derived  proteins.^'' 

Each  thimble  which  is   found   impermeable  to  natural   proteins  is  cleansed 
by  means  of  a  soft  brush  and  left  in  running  \\ater.     After  one  hour  the  thim- 
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l'"ig:.     1. — Apparatus     for     washing     tliinibles     in     rnnnin.t;    distilled     water.       Dialysing     thimbles     .ifc 
seen    at    bottom    of    receptacle.       (Abderhaklcn's    Ali«ehrfirnu-nt<'.    -Jth    Kd.,    p.    220.) 


bles  are  transferred  to  distilled  water  and  washing  is  continued  until  it  is  rea- 
sonable to  believe  that  every  trace  of  protein  is  removed.-"  v'^ucli  lliimlile  is 
then  again  immersed  for  about  thirty  seconds-'  into  boiling  distilled  water  for 
the  ])uri)ose  of  sterilization  and   tlie  whole  procedure  is   repeated   exactly  as  in 

'''Sometimes  at  tliis  point  tlie  soUition  licidnics  tnrbid,  but  this  does  not  interlcie  with  the 
test.  It  is  essential  to  shake  the  fluid  and  not  to  mix  it  by  elOfSin.ii  the  mouth  of  the  tube  with  a 
thumb  and  tilting  it  over,  for  in  rloincr  so  one  introduces  the  substances  from  one's  skin,  which  may 
give    the    biuret    test. 

i"VVe  found  it  very  useful  lo  use  the  piccipitin  re.iction  as  reconimeixled  by  Abdcrhaldcn  for 
determination  of  permeability  of  tliimbles  to  natural  inoteins,  but  of  course  for  thi.s  test  it  i.s  al- 
ways necessary  to  have  on  hand  ,i  specially  prepared  iirecipitating  serum,  which  is  not  always  pos- 
sible in  diagnostic  laboratories.  ICspecially  in  cases  when  ')iiiret  gives  doubtful  icsnlts  such  control 
test   is    of   value. 

="'rhis  is  done  in  a  specially  constructed  apparatus  (ace  I'iij.  l).  If  the  water  rrsiiltinK  from 
the  washings  of  these  thimbles  should  be  examined  at  this  titue  for  protein,  it  should  of  course  Ri'vc 
negative    reactions. 

2'One  has  to  be  carefid  not  to  boil  the  thimbles  longer  because  boiling  changes  the  physical 
properties    of   the    texture    of    the    thimble. 


86 


The  Journal  of  Laboratory  and  Clinical  Medicine 


the  case  just  described,  except  that  instead  of  egg-white  or  serum  one  uses  2 
c.c.  of  a  1  per  cent  solution  of  silk  peptone  (Hoechst)  in  distilled  water,  which 
is  placed  in  the  thimble  with  all  the  precautions  mentioned  and  dialysed  against 
distilled  water.  At  the  end  of  dialysis  of  16  to  18  hours  in  the  incubator  one 
removes  carefully  10  c.c.  of  the  dialysate  as  before,  only  at  this  time  in  addition 
to  the  biuret  test  also  the  ninhydrin  test  is  performed.  For  this  purpose  one 
introduces  in  a  clean  dry  test  tube  0.2  c.c.  of  a  1  per  cent  solution  of  ninhydrin 
by  means  of  a  carefully  calibrated  1  c.c.  pipette,--  and  adds  to  it  10  c.c.  of  the 
dialysate  withdrawn  from  the  container  with  the  precautions  ju^-t  described,  and 
the  whole  is  brought  to  boiling.  It  is  essential  that  the  boiling  be  regular  and 
the   length   of   boiling  uniform    in   all    the   comparable   cases.      To    insure   these 
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Fig.    2. — Paraffin    oil    bath     (Abderhalden's    Abwehrfermente,    4th    Ed.,    p.     233). 


two  requirements  one  places  in  the  tube  a  clean  dry  boiling  rod-'  and  continues 
the  uniform  boiling  exactly  for  one  minute  from  tlie  time  when  the  air  bubbles 
first  appear  in  the  wall  of  the  test  tube.-^ 

Care  should  be  taken  not  to  allow  the  fluid  in  the  test  tube  to  run  over  dur- 
ing the  boiling.  As  soon  as  one  minute  of  boiling  is  over,  the  tube  is  removed 
from  the   flame  and   the   boiling   rod   is   withdrawn.-^      Reading   of   the    results 

--One  must  be  careful  to  deposit  all  of  the  necessary  amount  of  ninhydrin  solution  on  the  very 
bottom  of  the  test  tube  and  not  on  its  walls,  so  as  to  assure  the  presence  of  absolutely  equal  amounts 
of   ninhydrin   in   all    comparable   reactions. 

^^Boiling  rods  are  very  carefully  washed,  boiled  in  distilled  water,  dried  at  60  to  70°  C.  and 
kept  aseptically  in  a  closed  glass  tube  until  needed  for  use.  It  is  essential  not  to  handle  these  rods 
with  fingers,  but  always  with  sterile  forceps.  In  drying,  one  must  guard  against  overstepping  the 
lirnit  of  70°  C,  for  at  higher  temperature  the  wood  may  carbonize  and  the  brown  color  diffusing  into 
fluid    interferes    with    the   reading   of   the    color    reaction. 

^^The  uniform  boiling  can  be  accomplished  on  an  open  Bunsen  flame  if  at  the  moment  that 
boiling  begins,  the  tube  is  placed  half  way  outside  the  flame,  so  as  to  allow  only  a  small  surface  of 
the  bottom  of  the  tube  to  remain  in  contact  with  the  periphery  of  the  Bunsen  flame.  This  allows  to 
continue  without  interruption  and  without  the  fluid  boiling  over.  Wherever  it  is  possible  it  is  best 
to  use  for  boiling  the  paraffin  bath  described  by  Oeller  and  Stephan  (Deut.  Med.  Woch.,  1913,  p. 
2505)  and  improved  by  Abderhalden  (Abwehrfermente,  4th  Ed.,  p.  232),  which  allows  to  boil  the 
dialysate    of    all    the    thimbles    in    one    test  at    exactly    comparable    conditions. 

^''Boiling  rods  should  be  discarded  each  time,  and  new  rods  treated  as  described  in  the  foot- 
note 23,   should   be  used   with   each  test. 
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shall  not  be  attempted  until  the  fluid  is  cooled,  which  at  room  temperature  takes 
about  thirty  minutes.  At  this  time  one  may  notice  that  the  intensity  of  colora- 
tion may  vary  with  different  dialysates.  This  is  due  to  variations  in  permeabil- 
ity of  the  thimbles.  The  thimbles,  which  do  not  let  through  but  very  little  pep- 
tone (which  is  indicated  by  a  low  intensity  of  blue  coloration  obtained  by  boil- 
ing of  respective  dialysate  with  ninhydrin)  should  be  discarded  as  unsuitable 
for  the  test.  Only  such  thimbles  as  allow  liberal  dialysis  of  protein  derivatives 
should  be  carefully  washed,  sterilized  by  30  seconds  boiling  and  stored  for  fu- 
ture use  in  sterile  distilled  water.  The  container  in  which  the  thimbles  are 
stored  must  be  sterilized  before  the  thimbles  are  placed  in  it.  In  order  to  pre- 
vent subsequent  infection  of  the  thimbles  it  is  advisable  to  place  a  few  drops  of 
chloroform  in  the  bottom  of  the  receptacle  and  a  liberal  amount  of  toluol  on 
the  top  of  sterile  distilled  water  so  as  to  bring  the  lower  surface  of  the  glass 
stopper  in  contact  with  toluol.  When  needed  for  use  the  thimbles  should  be 
removed  by  means  of  sterile  forceps  and  with  all  the  precautions  necessary  to 
avoid  bacterial  contamination  of  the  contents  of  the  receptacle  with  the  thim- 
bles. After  using,  each  thimble  is  washed  with  all  the  precautions  described 
above,  boiled  again  for  thirty  seconds  and  replaced  in  a  receptacle  with  other 
sterile  thimbles  by  means  of  sterile  forceps.-*' 

Substratum. — Inasmuch  as  the  protective  ferments  are  supposed  to  be  spe- 
cific, the  ideal  substratum  would  be  represented  by  a  pure  protein.  In  practice, 
however,  this  is  possible  only  in  exceptional  cases  mainly  in  experimental  work, 
as  in  diagnostic  work,  we  are  dealing  with  organs  which  are  a  conglomeration 
not  only  of  dift'erent  proteins  within  the  cell,  but  of  most  different  cells  with- 
in the  organ.  In  order  to  approach  the  ideal,  however,  it  is  evident,  that  the 
more  the  given  organ  is  freed  of  nonspecific  elements,  the  better.  We  will 
mainly  consider  the  preparation  of  placenta  substratum,  as  except  for  minor 
points  the  same  procedure  is  true  for  other  organs. 

First  of  all  the  tissue  which  is  to  be  used  as  substratum,  is  to  be  freed  fioni 
all  the  blood  and  lymph.  Lange  and  Strooman-"  for  instance,  report  cases 
where  the  patients  having  hematomata  reacted  with  the  substratum  containhig 
blood,  but  did  not  react  with  similar  substrata  free  from  blood,  llius  the  pres- 
ence of  blood  complicating  the  question  of  specific  digestion  of  tissue,  accord- 
ing to  these  authors. 

It  is  advisable  for  the  same  reason  to  remove  as  much  of  the  connectixc 
tissue,  blood  and  lymph  vessels,  and  in  general,  all  of  the  nonspecific  tissues 
as  possible,  preserving,  however,  all  the  specific  elements  of  the  organ.  In  cases 
where  it  is  very  important  to  establish  an  absolute  specificity  of  the  reaction,  and 
where  the  ab.solute  uniformity  of  substratum  is  impossible  to  be  obtained,  it  is 
advisable  to  make  a  control  using  the  contaminating  tissues  alone  in.stead  of  the 
specific  substratum  in  a  parallel  test. 

In  order  that  the  tissue  .siiall  present  all  its  typical  characteristics,  it  is  very 
important  to  use  only  fresh  tissues  before  any  autolysis  or  bacterial  decomposi- 
tion has  set  in.  It  is  for  this  reason  also  advisable  to  discard  the  tissues  of  the 
cases  in  which  a  protracted  agony  jirecedcd  death.  Also  th"  tissues  which 
came  in  contact  with  disinfectants  should  be  discarded  for  similar  reasons.     In 

="It    is    advisahle    from    time    to    time    to    cliaiiKc    the    distilled     water    in    wliieli    the    thimldes    are 
stored  and   always   refill    with   toluol   so  as  to  allow   the   stopper   to   come   in   contact   with    it. 
"Lange    and    Strooman:      Dent.    Med.    Wocli.,    1">U,    No.     1.'.    p.    6.^3. 
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general,  all  the  precautions  possible  must  be  taken  so  as  to  prevent  any  biologic 
changes  in  the  tissues  previous  to  their  being  used  for  preparation  of  sub- 
stratum. As  in  the  case  of  serum,  also  in  the  preparation  of  substratum  one 
must  be  sure  that  the  final  product  is  free  from  dialysable  ninhydrin  reacting 
substances.  To  assure  this,  the  substratum  in  the  process  of  preparation  is 
thoroughly  extracted  with  boiling  water  until  the  water  is  absolutely  free  from 
ninhydrin  reacting  substances.  Only  such  substratum  can  be  used  for  the  test. 
As  the  preparation  of  substratum  from  fresh  tissue  takes  from  three  to  five 
hours,  and  as  it  is  impossible  always  to  obtain  fresh  tissues,  and  as  on  the 
other  hand,  it  is  impossible  to  preserve  fresh  tissues  any  length  of  time  with- 
out changes,  it  is  necessary  to  find  means  to  keep  a  supply  of  prepared  sub- 
stratum on  hand.  It  is  therefore  very  important  to  handle  the  substratum  once 
prepared  with  the  utmost  precaution  in  order  not  to  introduce  bacterial  infec- 
tion. If  this  precaution  is  not  taken  the  presence  of  bacteria  in  large  amounts 
in  itself  introduces  a  complication  of  the  presence  of  nonspecific  protein,  and 
in  addition,  the  infected  substratum  may  develop  soluble  ninhydrin-reacting  sub- 
stances. 

Keeping  the  above  considerations  in  view,  one  proceeds  in  the  preparation 
of  the  substratum  as  follows : 

The  tissue  is  collected  as  soon  as  possible  after  delivery  (in  case  of  placenta), 
after  operation  (in  case  of  various  tumors),  or  as  soon  as  possible  after  death 
(the  organs  from  the  people  killed  in  accidents  are  preferable  to  those  dying 
from  disease).  In  case  of  placenta  the  whole  organ  is  carefully  transferred  to 
the  laboratory,  free  blood  is  pressed  from  it  and  the  intact  organ  is  washed 
through  the  umbilical  vein  by  turning  running  water  into  the  blood  vessel  un- 
til the  tissue  is  practically  colorless.  Then  the  placenta  is  carefully  dissected 
and  all  the  vessels  and  connective  tissue  are  removed.  The  resulting  placental 
tissue  is  carefully  cut  up  in  small  pieces  by  means  of  a  meat  grinder  and  placed 
in  a  deep  precipitating  jar  into  which  a  large  amount  of  sterile  distilled  water 
is  added. -^  After  a  thorough  stirring  the  tissue  is  allowed  to  settle  out.  The 
supernatent  fluid  is  then  syphoned  ofif,  the  water  is  thoroughly  pressed  out  from 
the  tissue,  and  a  new  quantity  of  sterile  distilled  water  is  added,  the  contents 
of  the  jar  are  stirred  up  and  the  tissue  allowed  to  settle.  This  is  repeated  sev- 
eral times  until  the  examination  of  tissue  under  the  microscope  does  not  reveal 
any  blood  cells.     At  this  time  the  tissue  is  practically  white  in  color.-^ 

In  case  of  lung  tissue,  the  procedure  is  absolutely  identical.  As  for  the 
other  tissues  it  is  preferable  to  cut  them  in  very  small  pieces  previous  to  wash- 
ing, and  still  better,  to  freeze  the  piece  of  tissue  and  cut  it  up  by  means  of  a 
microtome  into  very  thin  pieces.  Treated  in  this  manner  tissue  of  any  struc- 
ture can  be  freed  from  blood. 

A\'hen  the  tissue  is  absolutely  free  from  blood  it  is  immediately  coagulated 
by  boiling. 

In  order  to  do  so  a  large  amount  of  distilled  water  {not  tap  water)    (about 

"■^Lange  (  Biochem.  Zeitach.,  1914,  Ixi,  p.  193)  advises  the  use  of  physiological  salt  solution  for  wash- 
ing because  the  water  leaves  erythocytic  stromata  in  the  tissue.  This  was,  however,  not  found  neces- 
sary as  no  stromata  could  be  found  in  the  placenta  tissue  after  good  washing,  in  spite  of  careful  ex- 
amination   by    many    authors    (Domarus    and    Barsieck,    Munch.     Med.     Woch.,     1914,    p.     1553). 

^"Although  the  requirement  is  that  the  tissue  be  white  which  is  very  important.  Abderhalden 
warns,  however,  against  the  use  of  decolorizing  substances,  like  H2  O2  for  instance,  for  the  white 
color  of  the  tissue  is  important,  not  by  itself,  but  only  as  an  indicator  of  the  absence  of  the  blood, 
which    can    be    accomplished    only    by    thorough    washing. 
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one  hundred  times  the  amount  of  tissue)  is  brought  to  ebullition  in  a  large 
enameled  casserole  (not  a  glass  beaker)  and  the  tissue  is  quickly  immersed  in 
the  boiling  water.  One  may  add  to  the  boiling  water  1-2  drop  of  glacial 
acetic  acid  per  liter  of  water  to  accelerate  the  coagulation.^"  The  boiling  must 
continue  until  the  complete  coagulation  of  protein  (about  thirty  minutes).  Af- 
ter this  the  water  is  decanted"^  and  the  tissue  is  transferred  into  another  cas- 
serole^- with  the  same  amount  of  boiling  distilled  water.  The  boiling  is  con- 
tinued for  ten  minutes  without  further  addition  of  acetic  acid.  Distilled  water 
is  thus  changed  5  or  6  times,  which  usually  suffices  to  free  the  tissue  of  all 
soluble  substances.  In  order  to  see  whether  this  is  accomplished  one  transfers 
the  tissue  in  a  comparatively  small  amount  of  boiling  distilled  water  (3  to  5 
volumes)  and  after  a  short  boiling,  5  c.c.  of  this  water  is  collected  through  a 
hardened  filter  into  a  test  tube,  1  c.c.  of  1  per  cent  solution  of  ninhydrin.  is 
added,  and  the  mixture  is  boiled  for  one  minute. 

If  the  tissue  is  free  from  soluble  protein  derivatives,  the  contents  of  the 
test  tube  remain  colorless. '^^  If  there  is  the  slightest  violet  coloration  upon  cool- 
ing, it  indicates  that  the  substratum  still  contains  some  of  the  soluble  ninhydrin 
reacting  material,  and  therefore,  the  boiling  in  excess  of  distilled  water  has  to 
be  repeated  until  every  trace  of  such  substances  is  removed.  At  this  point  the 
coagulated  tissue  is  carefully  examined  against  a  white  background  and  all  the 
particles  of  tissue  which  are  not  absolutely  white  are  discarded. 

Now  the  tissue  is  ready  for  use  in  the  test.  It  is  boiled  once  more  in  or- 
der to  kill  bacteria  which  might  have  been  introduced  by  the  manipulation  and 
the  sterile  tissue  is  placed  by  means  of  sterile  forceps  in  a  sterile  glass  jar  \\ith 
a  ground  glass  stopper.  The  layer  of  the  tissue  in  the  jar  is  covered  with  sterile 
distilled  water  and  on  the  top  of  it  one  places  sufficient  toluol  so  as  to  allow 
the  glass  stopper  to  touch  it  and  thus  seal  the  contents  of  the  jar. 

Above  it  was  ascertained  that  the  substratum  does  not  contain  ninhydrin 
reacting  substances.  However  important  this  requirement  is.  it  is  not  less 
important  to  ascertain  that  during  this  treatment,  the  tissue  retains  its 
property  to  undergo  digestion  by  an  appropriate  specific  ferment.  It  is  neces- 
sary to  ascertain  in  other  words  that  if  the  substratum  in  (lue-tion  be  placenta 
for  instance,  that  this  placenta  substratum  can  be  digested  liy  the  serum  of 
a  pregnant  individual."^  \\'ith  this  in  view  the  tissue  is  placed  in  a  dialysing 
thimble  with  normal  and  pregnant  serum  respectively  and  a  regular  test  with 
all  necessary  controls  is  performed  as  is  described  further. 

In  most  cases,  if  the  above  technic  is  carefully  followed.  an<l  it  placenta 
(or  any  other  tissue)  is  carefully  prepared,  this  test  will  sIkiw  that  the  sub- 
stratum retains  its  property  to  react  with  si)ecific  serum  by  giving  otT  dialysable 


'"Some  writers  are  not  sufficiently  clear  upon  this  point.  Accordinir  to  some  of  them  one  h.ns 
to  "add  to  the  tissue  100  volumes  of  distilled  water  and  hoil  for  ten  minutes."  In  dojuR  so,  one  is 
really  cookinR  and  extractinpr  the  tissue  (even  though  a  small  amount  of  acid  is  present >  instead  of 
quickly  coagulatinK  all  the  coaRulable  protein.  It  is  essential  to  ad<l  the  tissue  to  the  water  only 
after    the    latter    has    been    brought    to    ebullition. 

"If  the  amount  of  tissue  is  small,  or  in  case  one  is  dealing  with  bacterial  substrata,  it  is  ad- 
visable to  centrifuge  the  boiled  substrata  before  decanting  the  water,  in  order  to  avoid  possible  loss 
of   material. 

"It  is  important  not  to  do  it  the  other  way  in  order  to  avoid  the  burning  of  the  tissue  on 
the    bottom    of    the   casserole.  ,  , 

3»If    the    tissue    still    contains   soluble    ninhydrin    reacting    material    the    contents    of    the    tube    wouhl 

One'  must  alwavs  cool  the  tube  after  boiling  under  running  water,  because  the  ninhvdrin  re- 
action,   negative    immediately    after    boiling,    may    appear    upon    cooling.  ,  ,         , 

'^Another  control  is  to  be  made  to  show  that  the  same  placenta  is  not  .ligested  bv  the  serum 
of    normal    or    of    individuals    sufTering    from    difTercnt    pathological    conditions. 
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ninhydrin  reacting  substances,  whereas  it  will  not  react  with  a  normal  serum. 
A  still  better  test  of  the  specific  qualities  of  the  substralum  consists  in  the  fol- 
lowing. A  suitable  quantity  of  the  substratum  is  placed  in  a  thimble  with  a 
specific  serum  and  a  regular  test  is  performed.  If  tlie  substratum  is  good, 
there  will  appear  in  the  outer  fluid  in  due  time,  ninhydrin  reacting  substances. 
Now  one  removes  the  substratum  from  the  thimble,  washes  it  very  thoroughly 
from  the  serum  with  cold  water  and  subsequently  subjects  it  to  boiling  until  the 
boiling  water  again  gives  no  color  reaction  with  ninhydrin,  and  finally  uses  the 
same  substratum  again  for  the  test  with  a  normal  instead  of  specific  serum.  Tf 
in  this  instance  the  reaction  is  negative,  the  substratum  is  satisfactory. 

As  for  the  quantity  of  substratum  to  be  used  for  the  test,  it  is  evident  that 
all  depends  upon  the  degree  of  care  exerted  in  the  preparation  of  substratum. 
If  all  of  it  consists  of  specific  elements,  a  much  smaller  amount  will  suffice  for 
the  reaction,  than  in  the  case,  when  most  of  the  specific  cells  are  washed  away, 
m  which  case  a  far  greater  volume  of  substratum  will  be  needed  to  supply  the 
necessary  amount  of  specific  elements. 

The  suitable  amount  has  to  be  therefore  determined  experimentally  by  us- 
ing a  given  amount  of  normal  as  well  as  specific  serum  in  parallel  series  and 
combining  them  with  varying  amounts  of  substratum.  The  largest  amounts  of 
substratum  will  probably  give  positive  reaction  with  normal  as  well  as  specific 
serum,  whereas  the  smallest  amount  may  give  negative  results  with  both  sera. 
Between  the  two  extremes  will  be  a  zone  of  quantities  which  are  reasonably  safe 
to  use  in  the  test. 

It  is  evident  that  the  estimation  of  the  specific  value  of  substratum  is  very 
important  and  each  new  stock  of  substratum  should  be  properly  standardized. 

After  the  value  of  the  substratum  is  established,  it  is  ready  for  use  in  the 
routine  test. 

From  now  on  the  substratum  must  be  handled  with  the  most  rigid  aseptic 
precautions.  When  needed  for  the  test,  part  of  the  tissue  is  removed  with 
sterile  forceps  and  once  having  been  taken  out  the  tissue  is  never  placed  back 
into  the  jar.  As  the  tissue  is  being  taken  out,  the  jar  must  be  filled  with  toluol 
to  take  its  place. "^  If  kept  and  handled  aseptically,  the  substratum  keeps  in- 
definitely. 

Ge;neral  Tech  NIC 

Test  Proper. — Before  the  routine  Abderhalden  test  is  undertaken,  one  must 
ascertain  that  all  the  apparatus,  as  well  as  suitable  biological  material  and  chem- 
icals are  at  hand.  It  is  very  important  not  to  set  out  to  do  tlie  test  before  every- 
thing is  prepared,  so  as  not  to  have  to  leave  the  work  between  the  manipula- 
tions.''^ As  on  the  one  hand  the  outcome  of  the  ninhydrin  test  is  very  easily, 
influenced  even  by  the  slightest  presence  of  acid  fumes,  and  as  on  the  other 
hand  the  thorough  asepsis  is  essential  in  all  the  stages  of  the  test,  Abderhalden 
recommends  to  reserve  for  such  work  a  special  light  room,  free  from  dust  or 
fumes.  It  is  essential  that  neither  chemical  nor  especially,  bacteriological  work 
should  at  any  time  be  performed  in  the  same  room.     For  the  same  reason  it  is 

'=This  iji-ecaution  is  necessary  to  prevent  any  possible  decay  of  small  particles  of  tissue,  which 
may  adhere   to   the  walls  of  the  vessel. 

'"One  of  the  essential  requests  of  Abderhalden  is  that  before  performing  the  test,  the  worker 
not  only  learns  thoroughly  the  technic,  but  actually  "lives  through"  the  test,  in  other  words  a  thorough 
knowledge  of  fundamental  phenomena  involved  is  absolutely  necessary.  (See  Abwehrfermente,  4th 
Kd.,    p.    261.) 
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advisable  to  set  aside  an  incubator  for  this  work  separate  from  the  bacteriologi- 
cal incubator. 

For  the  reason  that  the  ninhydrin  test  is  subject  to  the  influence  of  the  re- 
action, it  is  essential  to  use  all  through  the  test  glass  which  is  as  free  as  possible 
from  alkalis. ^^  From  the  discussion  of  the  nature  of  the  test  it  is  evident  that  im- 
purities are  of  no  less  importance.  It  is  therefore  most  essential  that  all  glass 
used  in  the  test  be  chemically  clean,  as  well  as  dry  and  sterile. 

The  water  used  in  the  work  must  be  distilled  freshly  and  sterilized. ^^  Final- 
ly it  is  important  not  to  undertake  too  much  work  at  one  time,  because  the  test 
requires  the  utmost  care  and  cannot  be  reliably  performed  in  an  automatic  man- 
ner. Abderhalden  therefore  warns  against  performing  more  than  5  or  6  tests 
in  one  day.  Some  of  his  pupils,  hpwever,  claim  that  only  one  test  can  be  per- 
formed with  all  the  necessary  care  and  attention. ^^ 

Immediately  preceding  the  test  proper,  it  is  necessar}^  to  ascertain  that  the 
substratum  have  not  changed,  namely  that  it  is  still  free  from  soluble  ninhydrin 
reacting  substances. 

A  portion  of  substratum  necessary  for  the  performance  of  the  whole  test 
with  its  controls,  is  removed  from  the  container  by  means  of  sterile  forceps, 
placed  in  a  thoroughly  clean  and  dry  test  tube,  and  boiled  with  ^  or  5  volumes 
of  sterile  distilled  water.^°  After  about  5  minutes  of  boiling  during  which  care 
is  to  be  taken  not  to  burn  the  tissue,  one  places  about  5  c.c.  of  the  water  (in 
which  the  tissue  was  boiled)  through  a  small  piece  of  hardened  filter  paper  into 
another  thoroughly  clean  test  tube  and  by  adding  1  c.c.  of  1%  ninhydrin  solu- 
tion and  subsequent  boiling  (as  described  before)  one  ascertains  whether  the 
tissue  is  satisfactory.  Even  slightest  trace  of  violet  color  indicates  thai  tlie 
tissue  must  be  re-extracted.*^ 

If  the  tissue  is  found  to  be  free  from  soluble  ninhvdrin  reactin^f  substances, 
it  is  washed  in  sterile  distilled  water  so  as  to  remove  any  chloroform  or  toluol 
which  it  may  contain  and  dried  between  the  folds  of  sterile  filter  paper.  Such 
tissue  free  from  excess  of  water  is  ready  to  be  used  in  the  test. 

One  places  a  desired  number  of  tested  dialysing  thimbles  m  a  corresponil- 
ing  number  of  thoroughly  clean  dry  sterile  Erlenmeyer  flasks  and  introduces 
by  means  of  sterile  forceps  about  0.5  gr.  of  the  tested  and  dried  substratum  in- 
side of  eacli  thimble.  It  is  essential  that  tiie  tissue  should  all  fall  to  the  bottom 
of  the  thimble,  so  as  to  be  able  subsequently  to  cover  it  with  serum.  At  this 
time  one  holds  up  the  thimble  with  sterile  forceps  (not  the  same  with  which 
the  tissue  was  distributed)  and  introduces  1.5  c.c.  of  patient's  serum  so  as  to 
cover  the  substratum.*-  Now  the  thimble  is  withdrawn  from  the  flask,  closed 
on  its  open  end  by  means  of  long  forceps"*^  and  washed  with  sterile  distilled 
water  to  insure  the  absence  of  protein  on  the  outside  of  the  thimble. 

After  ha\  ing  thus  been  loaded,  and  washed,  the  tliimbles  are  placed  into  a 

^' Alderlialilen    therefore    advises    the    use    of    Jena    Rlass    exchisively. 

"^Commercial  (listilled  water  or  spring  water  is  nnsuitalilc  for  use  even  after  sterilization  on 
account    of    bacteria    jirotein    it    mav    contain. 

s-'Schawlow:       Muncli.    Med.    Wodi..    1914.    No.    2$.    p.     1386. 

■"'If  the  substratum  happens  to  contain  large  pieces,  it  is  essential  to  break  tlum  m-  I  clorc  the 
I'-oiling. 

^'See  discussion   under   Prcfaration   of   Subslratum    for   further    instructions. 

•'=Care  must  be  taken  not  to  allow  even  a  trace  of  the  serum  to  be  deposited  on  the  edge  or 
the   outer   wall   of   the   thimble. 

■"It  is  a  mistake  to  close  the  thimble  between  two  lin«ers  as  recommcmlcd  in  "-ome  .\merican 
texts    and    Abderhalden    warns    specifically    again.'-t    such    procedure    repeatedly. 
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new  set  of  Erlenmeyer  flasks  containing  each  20  c.c.  of  sterile  distilled  water," 
the  content  of  the  thimble,  as  well  as  the  water  outside  is  covered  with  a  layer 
of  toluol  which  would  cover  the  greater  part  of  the  thimble  (about  2/3  of  its 
height)  and  the  flasks  are  placed  in  the  incubator  having  been  covered  with 
clean  dry  glass  discs. *^ 

After  16-18  hours  of  incubation*"  the  flasks  with  thimbles  are  removed  from 
the  incubator.  Now  each  thimble  is  carefully  withdrawn  from  the  surrounding 
fluid  and  placed  in  a  fresh  (clean,  sterile  and  dry)  Erlenmeyer  flask  and  the 
dialysates  are  examined  for  protein  by  means  of  the  ninhydrin  test.  Namely  0.2 
c.c.  of  1%  ninhydrin  solution  is  placed  in  each  of  several  clean,  dry  test  tubes 
of  Jena  glass,  to  each  of  them  10  c.c.  of  respective  dialysates  is  added*'  and  the 
mixture   is   boiled   for  one   minute   with   all   the   precautions   described   before.*^ 


a.  Erlenmeyer    flask. 
1).      Dialysjng    thimble. 

c.  Ujiper    opening    of    the    fun- 
nel. 

d.  Lower  opening  of  the  funnel. 

e.  The   brim    of    the    funnel. 

f.  Glass    disc    (cover).  View    of    the    glass    funnel. 

3. — Longitudinal  section    through    the    flask    with    funnel    in    place. 


In  order  to  be  able  to  compare  the  results  on  the  basis  of  the  intensity  of  colora- 
tion obtained  with  ninhydrin,  it  is  essential  not  to  allow  any  variation  in  boil- 
ing, for  inequality  in  the  concentration  of  fluids  during  the  boiling  may  lead  to 
serious  errors  in   the   interpretation   of  the  results.*^     It  is   therefore  advisable 


"It  is  best  to  sterilize  the  Erlenmeyer  flasks  with  the  water  in  them  immediately  before  the 
test.  Care  should  be  taken  to  let  the  water  cool  to  the  room  temperature  before  using  the  flasks  for 
the  test.  In  sterilizing,  the  flasks  should  be  plugged  with  cotton,  which  is  not  to  be  removed  until 
it   is   actually   used   in  the   test. 

■•■•In  connection  with  these  manipulations  Abderhalden  calls  attention  to  at.  least  two  possible 
sources    of    error. 

First,  in  subjecting  the  thimble  to  washing  after  it  has  been  filled,  one  can  by  mistake  intro- 
duce some  of  the  water  in  the  thimble,  which  is  extremely  undesirable,  because  it  disturbs  the  uni- 
formity   of    concentration,    which    is    very    important    in    dialysis. 

Secondly,  since  both  the  flask  and  the  thimble  are  almost  full,  it  may  happen  that  in  care- 
less handling  the  fluids  outside  and  inside  the  thimble  may  become  mixed,  which  destroys  the  very 
principle  of  the  test.  It  is  therefore  that  Melikjanz  suggested  (Munch.  Med.  Woch.,  1914,  p.  1287) 
the  use  of  a  glass  funnel  which  fits  tight  into  the  thimble  as  well  as  over  the  edge  of  the  Erlen- 
meyer flask  and  thus  allows  the  filling  of  the  thimble  with  substratum  and  serum  directly  in  the 
flask  in  which  dialysis  is  to  take  place,  and  at  the  same  time  obviates  the  possibility  of  mixing  the 
fluids.      (Fig.    3.) 

^'•It  is  up  to  the  man  who  does  the  test  to  decide  upon  the  duration  of  incubation,  16  or  18 
hours  is  about  the  best  time,  as  it  allows  to  make  use  of  night  hours.  It  is  essential,  however,  in 
having   decided   on    a   certain    duration    of    incubation   to   duplicate   it    exactly    in    all    experiments. 

*'Here  again  each  fluid  is  to  be  withdrawn  by  means  of  a  separate  sterile  pipette  plugged  with 
cotton  and  in  general  all  the  precautions  described  above  in  testing  the  permeabilitv  of  thimbles  are 
to   be   most   carefully    followed. 

<'It  may  seem  superfluous  to  call  attention  to  the  necessity  of  numbering  the  flasks,  thimbles 
and  test  tubes  with  corresponding  numbers  so  as  to  be  able  to  identify  the  results,  as  the  necessity 
of   doing    so    is    obvious. 

"This   will    be    further   discussed    under    reading   of   the   results. 
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to  boil  all  the  tubes  at  the  same  time  and  with  the  same  intensity,  which  can 
be  accomplished  by  the  use  of  an  oil  bath  referred  to  before. ^° 

Having  performed  the  ninhydrin  test  in  each  of  the  dialysates  of  the  series, 
one  is  through  with  the  test.  Now,  after  having  read  the  results,  one  washes 
thoroughly  each  thimble  in  running  cold  water,  then  in  distilled  water  and  af- 
ter a  short  boiling  (30  seconds)  stores  the  clean,  sterile  thimbles  away  in  the 
container  with  sterile  distilled  water,  as  described  previously,  under  toluol. 

Dispositions  of  the  Diagnostic  T^st 

The  peculiarities  of  the  test  discussed  in  previous  paragraphs,  its  extreme 
sensitiveness  to  different  conditions  interfering  with  the  proper  manipulations 
and  extreme  importance  of  preserving  the  biologic  ingredients  of  the  test  in 
good  condition,  necessitates  a  certain  number  of  controls,  which  must  accom- 
pany each  test,  or  each  series. 

First  of  all,  as  it  was  mentioned  before,  even  previous  to  beginning  the 
test  proper,  one  must  ascertain  the  fact  that  the  substratum  is  free  from  soluble 
protein  derivatives  which  by  themselves  could  react  with  ninhydrin.  In  spite 
of  the  fact  that  only  such  substratum,  which  answers  the  requirement  of  being 
free  from  soluble  ninhydrin  uniting  substances  is  used  for  the  test,  it  is  still 
recommended  to  control  such  substratum  again  as  follows : 

Parallel  with  the  test  proper,  one  tested  thimble  is  filled  with  0.5  gr.  of 
substratum^^  and  1.5  c.c.  of  physiological  salt  solution,  placed  in  an  Erlenmeyer 
flask  containing  20  c.c.  of  sterile  distilled  water,  the  contents  of  thimble,  as 
well  as  the  fluid  outside  are  covered  with  liberal  amount  of  toluol  and  in  gen- 
eral the  whole  procedure  prescribed  above  for  the  test  proper  is  followed  up 
carefully. 

Second  control  consists  in  ascertaining  whether  the  serum  is  suitable  for 
the  test.  As  was  stated  above,  the  serum  may  contain  varying  amount >  of 
dialysable  ninhydrin  reacting  substances.  Since  the  presence  of  these  substances 
cannot  be  detected  otherwise  than  by  actual  dialysis,  it  is  necessarily  parallel  with 
the  actual  test  to  dialyse  the  serum  by  itself  and  if  such  control  will  show  that 
serum  contained  dialysable  substances,  the  results  of  the  actual  test  will  have 
to  be  interpreted  accordingly  (see  below). 

In  setting  up  this  control  one  places  1.5  c.c.  of  the  serum  of  the  ]>atient'- 
on  the  bottom  of  a  tested  thimble,  introduces  such  loaded  thimble  into  an  Er- 
lenmeyer flask  containing  20  c.c.  of  sterile  distilled  water,  covers  the  contents 
of  thimble  as  well  as  the  outside  fluid  with  toluol  and  generally  repeals  all  the 
manipulations  (including  the  ninhydrin  test  on  dialysate)  jirescribed  above  tor 
the  test  proper.''" 


'''In  usiiiK  the  oil  batli,  the  hoiling  has  to  be  continued  i  miiuites  instead  o'  only  one  minute 
as   in   case   of   boiliiipr  on   a   free    fljinie. 

"The  cuiantity  of  suhsliatum  may  vary  slightly  according  to  the  outcome  of  preliminary  .stand- 
ardization. 

'■-Par  each  serum  used  in  the  test  (the  iniknowu  as  well  as  the  known  control  sera)  one  must 
carry   this   control. 

^Although  separately  each  of  these  two  control  tests  (on  substratum  and  on  scrum)  are  usually 
sufificient  to  determine  whether  the  ingredients  contaii:  dialysable  ninhydrin  reacting  substances, 
some  authors  (i|uolod  I)y  Doniarus  and  Harsieck,  Mumli.  M,;l.  H'or/i..  lOH.  p.  155.1)  claim  that 
negative  ninhydrin  test  on  dialvsate  in  these  controls  does  not  always  exclude  completely  the  pres- 
ence of  dialysable  substances.  "They  claim  that  owing  to  extreme  de|)endcnce  of  ninhydrin  lest  on 
concentration,  the  outcome  of  each  test  separately  may  he  negative,  whereas  the  combined  dialvsablc 
substances     of    both— serum    and    substratum— may    give    a     nonspecific     (summation)     posit!vc     ninliydrin 
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The  third  control  consists  in  ascertaining  that  the  substratum  has  retained 
its  specific  properties,  namely  that  while  not  reacting  with  normal  serum,  its 
combination  with  specific  serum  will  result  in  appearance  of  dialysable  nin- 
hydrin  reacting  substances.  It  is  evident  that  such  control  consists  in  two  tests- 
one  in  which  the  substratum  is  allowed  to  undergo  digestion  with  known  nor- 
mal and  in  the  other  with  known  specific  serum. 

In  performing  these  control  tests  one  places  equal  amounts  of  substratum 
in  each  of  two  tested  thimbles  and  introduces  1.5  c.c.  of  known  normal  and 
specific  sera  respectively  in  each.  From  now  on  one  proceeds  the  same  as  in 
other  tests — namely,  places  the  thimble  in  Erlenmeyer  flask  witli  distilled  water, 
covers  the  contents  of  the  thimble  as  well  as  the  outer  fluid  with  toluol  and  in- 
cubates until  subsequent  examination  of  the  dialysate  16-18  iiours  later.  If 
the  substratum  retained  its  specific  properties  and  of  itself  does  not  contain 
soluble  protein,  the  dialysate  of  the  test  containing  known  normal  serum  will 
give  a  negative  ninhydrin  test  and  the  one  with  the  specific  serum  will  give  posi- 
tive ninhydrin  test.^* 

In  short  each  series  of  diagnostic  tests  is  to  be  composed  of  following  in- 
dividual units : 


Table  I. 


Thimbles. 

Character  of  the  serum  used. 

Amount  of 
serum. 

Amount  of 
substratum. 

Amount  of 
NaCl  Solu- 
tion. 

Ninhvdrin 
Results 
as 

Expected. 

1 

(  (Test) 
Unknown''          ' 

((Control) 

1.5  c.c. 

0.5  gr. 

.... 

? 

2 

1.5   C.C. 

.... 

.... 

Negative 

3 

f(Test) 
Known  Specific  ' 

(  (Control) 

1.5  C.C., 

0.5  gr. 

Positive 

4 

1.5  C.C. 

.... 

.  •  •  • 

Negative 

5 

)  (Test) 
Known   Normal  . 

'  (Control) 

1.5  c.c. 
1.5  c.c. 

0.5  gr. 



Negative 

6 

.... 

.... 

Negative 

7 

No    Serum^s 



0.5  gr. 

1.5  c.c. 

Negative 

reaction.  They  offer  therefore  a  very  useful  modification  in  controlling  the  test^ — namely  to  place  ?>; 
before,  serum  and  substratum  in  separate  thimbles,  but  now  introduce  both  thimbles  into  one  flask 
and    eventually    test    the    dialysate. 

Another  way  to  exclude  the  possibility  of  summation  reaction  is  suggested  by  Kjergaard 
(Zeitschr  f.  Imunitatsforsch.,  Orig.  xxii,  No.  1,  p.  31).  This  author  recommends  in  each  case  to  m;:i<e 
a  duplicate  test  with  inactivated  serum  and  thus  demonstrate  that  the  dialysable  protein  in  each  case 
appears  as  a  result  of  specific  activity  of  proteolytic  enzyme,  and  not  from  the  combination  of  di- 
aivsable    substances    of    substratum    and    serum. 

^As  stated  before,  each  of  the  known  sera  has  to  be  separately  controlled  in  a  thimble  to 
show*    that    thev    are    free    from    dialysable    substances    reacting    with    ninhydrin. 

'•''The  test  with  unknown  serum  is  repeated  with  each  of  unknown  sera  and  thus  the  thimbles 
1  and  2  may  be  multiplied  as  many  times  as  demanded  by  the  number  of  unknown  cases.  It  is,  how- 
ever,   advisable    not    to    undertake    too    many    examinations    at   one    time. 

In  order  to  avoid  the  error  in  results  due  to  possible  imperfection  in  technic  which  may  pass 
unnoticed,  it  is  advisable  to  make  in  duplicates  the  test  proper  (thimble  1  on  the  chart  above)  with 
each    ftf    unknown    sera. 

The   controls    (thimbles    3-7    incl.)    are    set   up    only    once    with    each    day's    series. 

""In  cases  when  one  is  working  with  substratum  which  cannot  be  obtained  free  from  contami- 
nating protein,  one  must  naturally  have  an  additional  control  for  the  contaminating  substratum.  For 
instance,  in  case  of  substratum  being  bacteria,  the  whole  series  must  be  repeated  with  sterile  cul- 
ture medium  instead  of  bacterial  substratum ;  or  in  case  of  substratum  being  tuberculous  lung  tiss'.ie 
the  whole  test  with  all  the  controls  must  be  repeated  with  the  normal  lung  tissue  in  place  of  tuber- 
culous. 
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Reading  of  Results 

General  Considerations. — The  occurrence  of  specific  digestion  in  the  thim- 
ble is  judged  by  the  appearance  of  dialysable  protein  derivatives  in  the  fluid 
surrounding  the  thimble.  This  is  ascertained  as  stated  before  by  a  ninhydrin 
test. 

The  procedure  of  the  ninhydrin  test  is  purely  empirical.  It  is  possible 
that  in  the  future  a  better  knowledge  of  its  intimate  mechanism  will  result  in 
the  further  improvement  in  its  application.  In  the  meantime  a  few  facts  known 
about  it  seem  to  be  very  essential  to  keep  in  mind  if  one  desires  to  place  reliance 
on  tlie  results  obtained. 

First  of  all,  as  it  was  said  before,  the  acidity  or  alkalinity  of  the  media  in- 
terfere with  the  test  in  giving  atypical  color  reaction  which  may  obscure  the 
reading.-"'"  Such  atypical  reactions  may  in  reality  be  due  to  impurity  alone,  but 
at  times  they  may  mask  a  true  test  which  may  be  present  at  the  same  time.  It 
is  therefore  imperative  to  repeat  the  test  in  all  cases  where  the  color  reaction  is 
atypical. 

Another  extremely  important  element  in  this  empirical  test  is  the  concen- 
tration. In  this  respect  it  is  essential  to  control  two  conditions.  First,  the  rela- 
tive concentration  of  ninhydrin  in  the  media  in  which  the  protein  is  looked  for, 
and  for  this  reason  the  solution  of  ninhydrin  has  to  be  made  very  carefully;"'* 
it  has  to  be,  moreover,  very  carefully  measured  and  placed  on  the  bottom  of  the 
test  tube,  as  mentioned  before,  so  that  none  of  it  will  be  lost,  and  add  to  it  ex- 
actly 10  c.c.  of  the  dialysate  in  each  test. 

Secondly,  it  seems  that  the  concentration  of  ninhydrin  reacting  substances 
in  the  dialysate  may  cause  a  great  deal  of  variation  in  the  outcome  of  the  test, 
and  it  is  therefore  essential  to  cover  the  contents  of  Erlcnmeyer  flasks  (both 
within  and  without  the  thimbles)  with  toluol,  so  as  to  prevent  any  possible  evap- 
oration and  unequal  condensation  of  the  fluids  in  difl^'erent  tests. 

The  two  conditions  mentioned  above  control  the  true  relative  concentra- 
tion of  ninhydrin  and  the  substances  with  which  it  gives  the  color  reaction. 

Considering,  however,  the  intensity  of  the  final  color  reaction  one  must 
remember  that  there  is  still  another  factor  which  can  influence  it  to  a  great  ex- 
tent— the  condensation  in  boiling.  The  mixtures  containing  the  same  amount 
of  ninhydrin  as  well  as  protein  will  show  the  reaction  of  difl^erent  intensity  if 
one   is   boiled   longer   than   the   other.     According  to   .\l)derhalden''"    il    i<   sufti- 

='The  color  reaction  due  to  the  acidity  or  alkalinity  of  the  media  is  usually  reddish-brownish- 
yellow.  One  can  judge  better  about  the  specificity  of  this  color  reaction  where  it  occurs  in  con- 
centrated solutions,  but  when  atypical  color  reaction  is  very  weak  it  is  often  impossible  t(.  ditTercntiatc 
it  from  a  weak  protein  test  with  ninhydrin.  However,  the  difference  can  be  made  more  evident  if 
one  produces  a  normal  ninliydrin  test  with  protein  ami  ililutcs  it  so  a.s  to  match  the  intensity  of  the 
color  reaction  which  is  in  doubt.  The  comparison  of  the  two  color  reactions  in  eiiual  concentra- 
tions of  color  will  disclose  a  true  violet  tinge  in  a  typical  ninhydrin  color  reaction,  which  is  absent 
ill    an   atypical    one. 

•"'•"In  preparing  the  solutior.  of  ninhydrin  from  the  dry  commercial  preparation  one  procee»ls  as 
follows:  The  contents  of  a  tube  (0.1  g'r.)  are  transferred  as  carefully  as  possible  without  loss  or 
bacterial  contamination  into  a  measuring  flask.  Since  (he  ninhydrin  cannot  be  transferred  nuantita- 
tivelv,  it  is  necessary  to  wash  out  the  remaining  substance  by  means  of  warm  sterile  distilled  water. 
Ninhvdrin  does  not  go  in  solution  very  readily,  unless  in  warm  water;  it  is  therefore  advisable  l^^  add 
some  sterile  distilled  water  and  place  the  flask  in  an  incubator  for  a  few  muiutcs.  When  all  of  the 
ninhvdrin  is  in  solution  one  cools  it  down,  (ills  the  flask  with  distilled  water  up  to  the  m.-.rk  (10  c.c.) 
and  places  such  solution  on  ice,  till  further  use.  Ninhydrin  can  be  kept  in  solution  fairly  well  espe- 
cially as  only  10  c.c.  of  it  is  made  at  one  time.  In  general,  however,  bacterial  infection  mav  destroy 
it  as  well  as  the  excessive  exposure  to  light — it  is  therefore  necessary  to  keep  it  in  dark  flask  ond 
in    dark    cool    icebox    and    handle    it    aseptically. 

'■"Abderhalden :      Abwehrfcrniente,    4th    IM.,    p.    223. 
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cient  that  one  of  the  test  tubes  be  removed  from  the  flame  during  boiling  just 
for  a  moment,  and  if  will  show  different  intensity  in  color  reaction  from  others. 
It  is  therefore  advisable  to  use  the  oil  bath,  referred  to  above,  and  thus  ascer- 
tain exactly  comparable  conditions  of  boiling  for  all  the  dialysates  in  the  test. 

Considering  all  the  factors  which  may  conti-ibute  to  obscuring  the  results 
of  ninhydrin  test,  one  must  not  forget  that  ninhydrin  is  very  sensitive  to  even 
smallest  quantities  of  protein  and  their  derivatives  (peptones,  polypeptides  and 
amino  acids)  so  that  even  the  slightest  amount  of  saliva,  perspiration,  etc.,  which 
might  be  introduced  in  dialysate  during  numerous  manipulations  preceding  the 
boiling  with  ninhydrin,  may  cause  a  typical,  though  nonspecific  ninhydrin  rcac- 
tion.«° 

Finally  in  looking  at  the  results  of  the  ninhydrin  test,  one  must  never  use 
artificial  Hght.  Each  test  tube  must  be  taken  out  of  the  rack  and  examined 
individually  against  a  white  background  both  througii  the  thickness  as  well  as 
through  the  depth  of  the  fluid  in  the  test  tube."^ 

Interpretation  of  Results  Obtained 

In  testing  the  unknown  serum  (see  Table  I,  Thimbles  1  and  2)  the  nin- 
hydrin test  on  respective  dialysate  may  give  one  of  the  four  possible  combina- 
tions. 

Table  II. 


Case 

I- 

Case  II. 

Case. 

III. 

Case 

IV. 

Character   of   the   Dialysate. 


The   dialysate    from   the   serum   alone    (control) 
The  dialysate  from  serum  and  substratum   (test) 

The   dialysate    from   serum   alone    (control) 
The  diahsate  from  serum  and  substratum   (test) 

The  dialysate   from   serum  alone    (control) 
The  dialysate  from  serum  and  substratum   (test) 


The   dialysate   from   serum   alone    (control) 
The  dialysate  from  serum  and  substratum   (test) 


Color   Reaction. 


Colorless 
Colorless 

(neg.) 
(neg.) 

Colorless 
Blue 

(neg.) 
(posit.) 

Blue 
Blue 

(posit.) 
(posit.) 

Blue 
Colorless 

(posit.) 
(neg.) 

Case  I.  ( Table  IL )  — Both  the  test  tube  containing  the  dialysate  from  the 
thimble  with  serum  alone,  as  well  as  that  with  serum  and  substratum  give  nega- 
tive reaction  with  ninhydrin.  If  all  the  precautions  of  the  test  have  been  fol- 
lowed**- this  result  indicates  that  there  is  no  protein  split  products  in  the  di- 

^"It  is  therefore  essential  not  to  handle  the  thimbles  or  substratum  otherwise  than  with  sterile 
fqrceps ;  all  glassware  is  to  be  absolutely  clean,  free  from  organic  as  well  as  inorganic  impurities, 
dry  and  sterile ;  the  pipettes  used  in  the  test  must  be  plugged  with  cotton,  absolutely  clean,  dry  an* 
sterile   as   well   as   the   rest   of   the   glassware   used. 

*ilt  is  evident  that  in  order  to  obtain  comparable  results,  it  is  advisable  to  select  test  tubes 
of  equal  diameter  as  well  as  thickness  of  the  glass  wall.  In  cases  where  the  differences  in  the  in- 
tensity  of    reaction    are   very    small,    this    consideration    attains    great    importance. 

®2There  are  two  points  that  are  of  especial  moment  considering  the  above  outcome  of  the 
test.  One,  that  the  thimble  is  not  too  tight,  and  does  let  through  the  peptones  if  they  are  present. 
Although  each  thimble  must  have  been  tested  before  and  its  fair  permeability  must  have  been  estab- 
lished, it  is  nevertheless  advisable  in  each  case  of  negative  results  in  the  test  proper  to  subject  the 
thimble  in  question  to  an  additional  test.  In  doing  so,  one  washes  the  thimble  very  thoroughly  and 
repeats  another  time  the  test  for  its  permeability  to  silk  peptone  with  all  the  precautions  prescribed 
for  such  a  test  above. 

The  other  condition  to  be  definitely  established  before  the  result  is  taken  to  be  of  diagnostic 
value,  that  is,  the  reriuirement  that  the  substratum  retain  its  specific  properties,  that  is  to  say,  wiien 
placed  in  a  thimble  with  serum  which  is  known  to  contain  the  ferments  in  question  this  same  sub- 
stratum   will    be    digested. 

This  query  should  be  answered  by  the  positive  control  (designated  3  and  4  on  Table  I'),  but 
one  can  also  make  an  additional  control  test  by  removing  the  subs'tratum  from  the  thimble  washin^^ 
It  very  carefully,  boihng  it  and  setting  it  to  digest  with  a  known  specific  serum.  One  should  obtain 
a    positive   ninhydrin    test   on    the    resulting   dialysate    if    the    substratum    is    satisfactory. 
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alysates  tested.  In  case  of  the  dialysate  from  the  serum  alone,  as  we  have 
stated  it  before,  such  outcome  is  the  desirable  one.  As  for  the  test  proper,  the 
absence  of  protein  split  products  in  dialysate  signifies  that  the  digestion  did  not 
take  place  in  the  thimble  and  this  in  turn  means  according  to  Abderhalden's  con- 
ception of  the  test  that  the  serum  did  not  contain  the  ferments  necessary  to  di- 
gest the  substratum. 

Case  II.  (Table  II.)  — The  test  proper  gives  a  positive  ninhydrin  reaction 
and  the  control  on  the  serum  alone — negative.  If  all  the  controls  accompany- 
ing the  test  (  see  Table  I,  Thimbles  5,  6,  and  7)  give  expected  results,  the  above 
outcome  of  the  examination  of  unknown  serum  means  that  it  contained  specific 
ferment  digesting  the  given  substratum. '''• 

Case  III.  (Table  II.)  ■ — A  third  possible  outcome  of  the  test  may  be  that 
the  dialysate  from  the  thimble  containing  the  serum  alone  (control),  as  well  as 
dialysate  from  the  test  proper,  in  which  the  thimble  contained  both  the  serum 
and  the  substratum,  both  give  a  positive  ninhydrin  test. 

In  this  case  the  appearance  of  dialysable  substances  in  the  thimble  contain- 
ing the  serum  and  substratum  is  only  conditional,  because,  as  the  control  shows, 
also  dialysate  from  the  serum  alone  (without  the  addition  of  substratum)  gives 
a  positive  ninhydrin  test.  Before  any  attempt  is  made  to  interpret  this  result 
it  is  advisable  to  establish  definitely  the  cause  of  the  presence  of  ninhydrin  re- 
acting substances  in  this  control  dialysate.  for  according  to  the  cause  the  in- 
terpretation may  vary. 

Assuming  that  the  technic  was  perfect,  and  that  no  protein  could  have 
been  introduced  in  dialysate  by  the  faulty  manipulation  (as  for  instance  soiling 
the  outside  of  the  thimble  with  serum,  while  introducing  it  in  the  thimble,  or 
contaminating  the  distilled  water  in  the  flask  with  saliva,  while  placing  it  liy 
means  of  a  pipette,  or  depositing  organic  matter  on  the  outer  wall  of  the  thim- 
ble by  handling  it  with  fingers  instead  of  forceps,  etc.),  there  are  two  other  pos- 
sible reasons  for  the  presence  of  protein  in  this  dialysate :  either  the  thimble 
was  permeable  to  unchanged  serum,  or  the  serum  contained  dialysable  products 
before  the  test. 

Although  the  thimble  was  supposed  to  be  tested  and  found  to  be  imperme- 
able to  natural  protein,  it  is  still  possible  that  in  further  manipulation  in  plac- 
ing into  or  withdrawing  the  thimble  from  the  receptacle  in  which  thimbles  are 
kept,  such  thimble  might  have  been  punctured  in  handling  with  forceps.  In 
order  to  establish  this  point  it  suffices  to  make  a  coagulation  test  on  tin-  dialysate. 
and  if  it  contains  unchanged  serum,  the  thimble  is  to  be  discarded  and  the  whole 
test  repeated  with  a  good  thimble.  If.  however,  the  dialysate  does  not  contain 
coagulable  protein,  it  means  that  the  thimble  was  not  punctured  and  that  the 
substances  giving  the  ninhydrin  test  arc  of  the  nature  of  dialysable  derivatives 
and  must  have  been  present  in  the  serum  before  the  test. 

Having  established  that  the  ninhydrin  test  on  control   dialysate   is  duo   t(^ 

'■•'In  order  to  be  al.solutely  sine  of  the  specificity  of  this  diKostion.  Al..lorhal.lcn  c.lvise"  to 
work  always  with  more  than  o-ie  substratimi.  I'or  instance,  .f  the  sernni  to  be  tested  ,s  suspected  to 
contain  specific  ferments  against  carcinomatons  tissue,  he  advises  to  examine  if  also  .iKainst  placenta 
for  instance  or  if  i^  cRnancv  is  suspected,  it  is  well  to  examme  the  serum  also  with  lunp  or  car- 
cinomatous tissue.  In  case  of  positive  findiuRS  with  the  specific  substratum  (as  this  CaPC  II  il- 
lustrates) such  additional  control  if  correctly  carried  out,  Rives  additional  sfreiiRth  to  the  result  ob- 
tained in  the  main   test. 
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the  presence  of  dialysable  protein  split  products  in  the  serum,  one  must  com- 
pare the  intensity  of  this  reaction  with  that  obtained  on  dialysate  from  the 
thimble  containing  both  the  serum  and  the  substratum."*  If  the  latter  is  de- 
cidedly more  intense,  the  outcome  of  the  reaction  is  still  considered  satisfactory 
and  a  positive  diagnosis  is  rendered.*^"'  If,  however,  the  intensity  of  reaction  in 
both  cases  is  nearly  equal,  the  diagnosis  cannot  be  rendered  and  the  test  must 
be  repeated. 

In  cases,  however,  where  it  is  impossible  to  obtain  the  specimen  of  blood 
free  from  dialysable  ninhydrin  reacting  substances  (as  for  instance  if  the  pa- 
tient is  running  a  high  temperature,  or  in  general  in  cases  where  there  is 
marked  active  catabolism  of  protein)  it  is  necessary  to  recur  to  a  special  method 
suggested  by  Schlimpert  and  Issel.  By  this  method*"*  the  serum  is  dialysed 
against  running  distilled  water,  until  free  from  dialysable  ninhydrin  reacting 
substances,  and  only  then  it  is  examined  according  to  usual  procedure  of  Abder- 
halden. 

Case  IV.  {Table  II.)  — It  is  possible  finally,  that  the  test  of  unknown 
serum  will  show  a  positive  ninhydrin  reaction  on  a  control  dial\'sate  (serum 
alone)  and  a  negative  reaction  on  dialysate  of  the  test  proper  (serum  and  sub- 
stratum).    This  result  is  to  be  interpreted  as  follows: 

First  of  all  it  is  necessary  to  ascertain  that  the  thimble  in  which  the  test 
proper  was  performed  is  not  too  tight,  for  it  is  possible  that  the  failure  to  ob- 
tain the  ninhydrin  test  in  the  dialysate  from  the  test  proper  (serum  and  sub- 
stratum) could  be  due  to  impermeability  of  the  thimble  to  dialysable  protein.^' 
This  is  done  as  described  before,  by  thoroughly  washing  the  thimble  and  test- 
ing it  subsequently  with  silk  peptone.  If  the  thimble  is  found  impermeable, 
the  whole  test  is  to  be  repeated.  If  the  thimble  is  found  permeable,  it  is  evi- 
dent that  digestion  did  not  occur  during  the  incubation,  because  the  serum  did 
not  contain  specific  ferments. 

As  to  the  reason  for  the  positive  ninhydrin  test  obtained  with  the  control 
dialysate,  one  must  proceed  as  in  the  Case  III  just  described;  namely,  first  to 
ascertain  whether  the  presence  of  ninhydrin  reacting  substances  in  dialysate  was 
due  to  imperfection  of  the  thimble.  If  coagulation  test  on  dialysate  is  positive. 
one  concludes  that  the  thimble  is  punctured  and  discards  it.  If  the  coagulation 
test  is  negative,  the  thimble  is  not  punctured,  and  the  ninhydrin  reaction  must 
have  been  due  to  the  presence  in  the  serum  of  dialysable  ninhydrin  reacting  sub- 
stances.®^ 

Sources  of  Errors  in  Performing  the  Test 

Personal  experience  has  shown  us  that  if  the  necessary  precautions  are  car-      i 
ried  out  and  if  all  the  controls  required  by  the  nature  of  the  test  are  made,  there     '[ 

•^Abderhalden :      Abwehrfermente,    4th    Ed.,    p.    273. 

''■In  our  own  work  we  prefer  not  to  attribute  diagnostic  value  to  the  differences  in  intensity 
of  color  in  ninhydrin  test,  because  even  slightest  changes  in  concentration  (brought  about  by  im- 
perfect boiling  or  by  loss  of  even  small  portion  of  ninliydrin  on  the  wall  of  the  test  tube")  during 
the  test  may  produce  the  difference  in  the  intensity  of  color  reaction  sufficiently  great  to  cause  er- 
roneous   diagnosis. 

«^Schlimpert    and    Issel:      Munch.    Med.    Woch.,    1913,    p.    1758. 

"•Although  the  thimble  must  have  been  tested  before  and  must  have  been  found  permeable  for 
silk  peptone,  it  is  possible  that  the  subsequent  boiling  in  order  to  sterilize  it,  might  have  rendered 
the    thimble    impermeable. 

""Such  cases,  where  the  serum  alone  gives  off  into  dialysate  ninhydrin  reacting  substances,  which 
disappear  upon  the  addition  of  tissue,  have  been  described  by  several  authors  and  are  attributed  to 
absorption    of   such    dialysable    substances    by    substratum. 
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is  no  reason  why  one  should  not  obtain  good  results  with  the  Abder- 
halden  test.  It  is  evident  from  the  preceding  paragraphs,  however,  that  the 
amount  of  detail  is  so  voluminous  and  the  number  of  elements,  outside  of  the 
test  proper,  interfering  with  the  proper  outcome  of  examination  so  great,  that 
it  is  not  unlikely  thrtt  many  unsuccessful  attempts  to  use  the  Abderhalden  reaction 
can  be  accounted  for  in  the  manner  in  which  Abderhalden  does  it,  namely  that 
the  men  performing  the  test  did  not  master  the  methods  sufficiently,  before  ren- 
dering their  judgment  of  its  value. 

Many  authors  have  stated  that  the  test  is  too  difficult  to  be  adopted  for  gen- 
eral use.  There  is  nothing  in  the  technic  of  the  test  to  justify  such  a  state- 
ment. True,  as  was  said  just  before,  the  amount  of  detail  preliminarv  and 
accompanying  the  test  proper  is  very  great,  possibly  much  greater  than  in  other 
serological  methods,  but  the:-e  is  nothing  in  the  nature  of  m.anipulations  that 
would  place  a  competent  serologist  in  difficulty.  Provided,  one  has  time  and 
material  necessary  to  comply  with  the  requirements  of  the  test — only  those  who 
are  novices  in  serology  may  make  mistakes. 

However,  since  the  field  of  application  of  the  Abderhalden  reaction  for  the 
time  being  seems  to  be  so  broad,  a  great  number  of  men  with  most  varied  pre- 
liminary experience  and  with  very  scant  bacteriological  and  serological  experi- 
ence have  rushed  into  collecting  statistical  data,  instead  of  learning  first  the 
I)rinciplcs  not  only  underlying  the  test  proper,  but  the  many  sided  manipulations 
as  well. 

One  cannot  but  agree  with  Abderhalden  when  he  says  that  those  perform- 
ing the  test  must  not  only  know  the  procedure,  but  must  as  he  puts  it  "live  througii 
it,"  or,  as  we  understand  it,  those  who  never  before  did  careful  serological 
work,  must  first  become  serologists  and  bacteriologists,  so  that  a  great  num- 
ber of  errors  which  may  be  due  to  their  inability  to  work  asepticall}-  by  habil 
(and  not  only  because  it  is  so  prescribed  in  a  given  paragraph  about  Abder- 
halden test)  may  be  eliminated.  As  important  as  these  habits  of  a  trained  ser- 
ologist may  be  in  other  instances,  they  are  especially  important  in  the  Abder- 
halden reaction,  where  the  technic  of  the  test  is  so  crude  and  ingredients  so  im- 
pure that  the  whole  attention  of  the  investigator  must  be  disengaged  from  niero 
manipulations  in  order  to  be  concentrated  on  careful  and  as  extensive  as  pos- 
sible control  of  the  test  proper. 

1  perfectly  agree  with  Ebeler  and  lyohnberg"''  who  say  ihat  as  the  "Abder- 
halden reaction  is  getting  better  known  and  as  its  technic  is  being  improved  by 
joint  efforts  of  different  investigators,  it  i'econies  so  complex  that  its  usefulness 
in  diagnostic  laboratory  is  growing  more  doubtful." 

However,  even  those  who  have  a  suitable  training  which  gviards  them  fioiu 
making  mistakes  in  technic  find  that  certain  amount  of  mistaken  diagnoses  is 
unavoidable.  The  reasons  for  such  unavoidable  mistakes  originate  from  the  very 
iiatuTL'  of  tlie  iiK'lh.xl.  'i'hus,  fo'-  instance,  in  si)ite  (  f  all  the  care  ta'siii  in  -e- 
lecting  and  testing  of  thimbles,  one  can  never  be  sure  of  tlie  fact  that  the  thim- 
bles were  perfect  during  the  test,  and  strictly  speaking,  one  should  not  consider 
the  test  finished  or  the  results  obtained  final  until  the  thimble  in  which  the  test 
was  made  is  retested  again  and  found  to  be  still  perfect.     For  it  often  happens 

«"Rbeler    and    T.nhnberp:      Bcrl.    Klin.    Worli.,    \^\^.    V-    319. 
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that  a  thimble,  perfectly  satisfactory  at  the  preliminary  test,  is  found  useless 
subsequently.  Thus  for  instance,  boiling  of  the  thimble  may  change  the  phys- 
ical properties  of  its  texture,  so  as  to  render  it  impermeable  to  silk  peptone. 
Such  change  in  permeability  of  the  thimble  cannot  be  discovered  before  the  test, 
it  is  only  through  the  critical  analysis  of  the  test  already  performed,  that  one 
can  come  to  suspect  the  change  in  the  permeability  of  a  given  dialysing  shell. 
It  seems  that  such  changes  do  not  take  place  at  once  (especially  if  care  is 
taken  not  to  boil  the  thimbles  too  much)  but,  according  to  a  number  of  reports, 
even  the  most  careful  boiling  if  repeated  a  number  of  times  may  change  cer- 
tain thimbles.  It  is  for  this  reason  that  some  authors'"  recommend  as  routine 
precaution  to  discard  the  thimbles  after  they  have  been  in  use  for  about  a 
month. 

Another  possible  change  in  thimbles  is  that  of  becoming  permeable  to  un- 
changed serum  through  mechanical  injury,  even  so  slight  that  it  may  often  pass 
otherwise  unnoticed.  In  order  to  avoid  as  much  as  possible  the  errors  due  to 
such  changes  in  thimbles  Abderhalden  suggests  that  the  stock  of  thimbles  on 
hand  can  be  repeatedly  tested  at  least  every  two  weeks.  Such  procedure  cer- 
tainly does  not  eliminate  the  possibility  of  changes  in  permeability,  yet  it  adds 
a  great  deal  to  the  already  considerable  amount  of  labor  connected  with  the  car- 
rying out  of  the  test. 

Another  group  of  errors  which  cannot  be  eliminated  in  spite  of  very  care- 
ful procedure  is  that  connected  with  the  use  of  ninh\drin  as  indicator  in  the 
test.  Not  only  such  factors  as  faintest  alkalinity  of  the  glassware,^^  or  the  length 
and  intensity  of  boiling  the  ninhydrin  solution  with  the  dialysate''-  (which  can 
be  regulated  as  described  in  the  preceding  pages),  but  also  factors  like  dust  and 
fumes  for  instance  cannot  easily  be  eliminated  or  can  come  to  interfere  with 
the  test  already  begun. 

Still  another  source  of  difficulty  not  easily  controllable,  is  the  serum,  when 
it  contains  dialysable  protein  derivatives.  As  mentioned  before,  it  is  preferable 
in  all  such  cases  to  dialyse  the  serum  against  sterile  running  water.  This  pro- 
cedure is  however  sometimes  very  unsatisfactory — first  for  the  reason  that 
serum  may  contain  bacteria  which  under  the  conditions  of  experiment  multiply 
very  rapidly;  secondly,  the  dialysis  against  distilled  water  greatly  weakens  the 
activity  of  complement.'^  In  order  to  obviate  this  difficulty  we  suggest  to  titrate 
the  complement  in  each  dialysed  serum  before  using  it  for  the  test  proper,  and 
to  activate  it  if  necessary  by  the  addition  of  guinea-pig  complement. 

Modifications  of  the  "Method  Not  Involving  the  Theory  of 

Abwehrfermente'' 

Recognizing  these  shortcomings  of  the  technic  a  number  of  investigators 
attempted  to  obviate  the  errors  in  results  by  substituting  better  methods  in  such 
parts  of  the  technic  which  were  not  amenable  to  proper  preliminarv  control. 

■"Schawlon:      Munch.    Med.    Woch.,    1914,    p.    1386. 

''Setjen  and  Fracnkel :  Munch.  Med.  Woch.,  1914,  No.  9;  also  Abderhalden:  Abwehrfermente, 
4th    Ed.,   p.   289. 

"Abderhalden:      Abwehrfermente,   4th    Ed.,    p.    225. 

''The  important  role  of  complement  in  the  Abderhalden  test  is  beyond  any  doubt  and  even 
Abderhalden  himself  acknowledges  the  fact  without,  however,  being  ready  to  interpret  the  nature 
of   the    mfluence    exhibited    by    it.       (See    Abwehrfermente,    4th    Ed.,    p.    154.) 
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Thus  Michaelis  and  Rona^*  have  suggested  to  ehminate  the  use  of  thimbles. 
Namely,  the  authors  place  the  serum  together  with  a  substratum  in  a  test  tube, 
and  after  the  necessary  incubation  at  37°,  they  centrifuge  the  contents  of  the 
tube,  separate  the  liquid,  precipitate  it  by  means  of  ferric  hydroxide,  filter  off 
the  precipitate  and  make  a  ninhydrin  test  on  the  filtrate. 

The  extreme  ease  with  which  the  proper  outcome  of  ninhydrin  test  is  in- 
fluenced by  most  varied  uncontrollable  factors"'*  has  been  instrumental  in  di- 
recting a  great  deal  of  efforts  of  different  investigators  towards  finding  a  more 
reliable  method  for  detection  of  protein  in  dialysate.  Already  Abderhalden  him- 
self'" recommends  to  control  the  ninhydrin  test  by  the  Van  Slyke  method  of 
determination  of  amino  nitrogen  in  dialysate.  Griesbach,''''  Abderhalden  and 
Fodor"®  and  many  others  employed  microkjeldahl  for  the  same  purpose.  On 
the  other  hand  a  number  of  authors  tried  to  find  another  indicator  to  be  used 
directly  in  place  of  ninhydrin,  but  so  far  only  Matzkievitsch'^^  reports  results 
which  seem  to  be  satisfactory.  This  author  is  using  colloidal  gold  as  the  in- 
dicator and  claims  that  by  this  method  he  obtains  a  distinct  reaction  with  1  c.c. 
of  peptone  solution  of  1  :30,000. 

In  addition  to  these  modifications,  a  few  methods  were  also  worked  out  in 
our  laboratory.  Our  methods  also  permit  to  dispose  with  the  use  of  both  nin- 
hydrin and  thimbles  and  in  addition  also  permit  to  use  the  serum  containing 
dialysable  ninhydrin  reacting  substances  without  preliminary  dialysis  of  the 
serum.  These  methods  are,  however,  based  on  a  conception  of  the  reaction 
vitally  different  from  that  proposed  by  Abderhalden  and  will  be  discussed  later. 

Criticai.  AnaIvYSis  of  the  Theory  of  "Abwehrfermente" 

The  modifications  of  the  technic  of  the  Abderhalden  test  based  on  elimina- 
tion from  the  test  of  thimbles  and  ninhydrin  will  undoubtedly  simplify  the 
method. 

The  experiments  conducted  in  this  laboratory,  however,  showed  quite  con- 
clusively that  the  most  serious  and  unavoidable  mistakes  in  the  Al)derhaldcn 
test  are  due  not  to  the  use  of  thimbles  or  ninhydrin,  but  to  the  difficulty  in  con- 
trolling the  exact  quantitative  relation  between  the  substratum  and  the  serum. 
On  the  one  hand  we  have  found  that  different  samples  of  a  given  substratum 
differ  amongst  themselves  as  to  their  specific  value.  As  we  have  stated  before, 
such  differences  are  in  part  due  to  the  method  of  preparation  and  the  amount 
of  specific  elements  retained  in  substratum  as  compared  to  the  amount  of  non- 
•specific  contaminating  material  in  it.  We  found,  however,  that  the  variations 
in  specific  value  of  similar  substrata  are  far  greater  than  the  limits  of  variations 
in  technic  of  their  preparation.  In  other  words,  two  placentas,  for  instance,  se- 
lected and  prepared  with  exactly  the  same  care  may  show  difl'erent  titers  when 
standardized  against  a  known  specific  serum.  Whereas  one  placenta  will  react 
with  1.5  c.c.  of  a  given  specific  serum  in  any  amount  above  0.1  gr.,  another  sam- 
ple of  placenta  substratum  may  be  suitable  only  above  the  doses  of  0.3  gr. 

"For  description   of   the   metlioil,    see    Michaeli.s,    Deut.    Med.    Wodi.,    1914.    p.    429.      This    method 
was    recently    improved    by    Van    Slyke    and    Vina^rad,    I'roc.     ICxp.     Hiol.    and    Med.,    1915,    p.     1.'6. 
"Bisgaard    and    Korsbjerg:      "Ueut.    Med^    Woch.,    1914,    p.    1367. 
'"Abderhalden:      Abwehrfermente,    4th    Ed.,    p.    311. 
'"Griesbach:      Munch.    Med.    Wocii.,    1914,   p.    979. 
■'^Aljderhalden    and    I'Ddor:       Munch.     Med.     Woch.,    .No.     14. 
'"Matzkievitsch  :       Dcut.     Med.     Wcch..     1914,    p.     l.'-M. 
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On  the  other  hand  we  found  that  even  if  the  same  suhslratum  i>,  u>ed,  the 
titer  of  it  differs  with  different  sera.  Thus,  for  instance,  a  given  substratum 
may  react  with  1.5  c.c.  of  a  pregnant  serum  A  already  in  the  amount  of  0.15 
gr.,  whereas  in  case  of  pregnant  serum  B  it  is  necessary  to  have  fully  0.4  gr. 
of  the  same  placenta  to  obtain  a  definite  reaction.  At  the  same  time  we  no- 
ticed that  if  the  amount  of  substratum  is  sufficiently  increased,  any  normal  serum 
will  react.  Here  again,  different  sera  may  react  with  different  amounts  of  the 
same  substratum  (for  instance,  a  male  serum  A  will  give  off  dialysable  nin- 
hydrin  reacting  substances  if  combined  only  with  more  than  1  gr.  of  a  given 
substratum,  whereas  a  male  serum  B  will  give  oft  ninhydrin  reacting  substances 
if  combined  already  with  0.4  gr.   of  the  same  substratum). 

Quite  apart  from  the  difficulty  of  finding  suitable  quantitative  relationship 
between  the  amount  of  serum  and  substratum  to  be  used  in  the  test,  the  fact 
that  it  is  at  all  possible  to  obtain  a  positive  Abderhalden  reaction  ivith  a  male 
serum  while  observing  all  the  precautions  required  by  the  test  by  merely  slightly 
increasing  the  amount  of  placenta,  raises  another  serious  question.  If  ac- 
cording to  Abderhalden  the  appearance  of  ninhydrin  reacting  substances  in  the 
dialysate  is  due  to  the  digestion  of  substratum  in  vitro  bv  specific  ferments  pres- 
ent in  the  immune  serum  only,  hoiv  then  is  it  possible  for  normal  serum  to  di- 
gest the  same  substratum  without  the  intercurrence  of  specific  ferments?  It 
is  evident  that  every  serum  must  contain  the  ferment  in  "order  to  be  able  to  di- 
gest the  substratum.  Moreover,  since  normal  serum  may  thus  apparently  di- 
gest in  one  instance  excess  of  placenta,  in  another  excess  of  carcinomatous  tis- 
sue; in  the  third,  tuberculous  lung.  etc. — it  is  necessary  to  admit  either  the  ex- 
istence in  all  the  sera  of  all  sorts  of  specific  ferments,  or  the  opposite — that  there 
are  no  specific  ferments  present  in  the  immune  sera.  The  latter  is  the  conclu- 
sion suggested  by  a  number  of  authors.  Flatow,  *^  ^^  "  Herzfeld,^-^  Kjaer- 
gaard,^*  Plant, *^  and  others  have  thus  been  able  to  obtain  apparent  digestion  of 
substratum  by  the  ferments  of  nonspecific  nature,  present  in  any  normal  serum. 

These  investigations  throw  a  new  light  upon  the  complexity  of  the  nature 
of  the  Abderhalden  reaction,  or  at  least  they  show  conclusively  that,  ivhilc  the 
reaction  may  be  relatively  specific  within  certain  quantitative  limits,  it  ceases 
to  be  outside  of  these  limits,  depending  entirely  on  mechanical  adsorption. 
Whether  or  not  these  experiments  can  sufficiently  explain  all  the  discrepancies 
in  the  results  of  various  investigators,  they  show  that  certain  quantitative  manip- 
ulations may  bring  about  in  a  nonspecific  way,  phenomena  closely  resembling 
the  Abderhalden  reaction,  thus  questioning  the  basis  of  the  Abderhalden  theory, 
according  to  which  the  cleavage  products  appear  solely  as  a  result  of  the  specific 
digestion  by  ferments.  On  the  other  hand  the  specificity  of  the  ferments  re- 
sponsible for  the  digestion  of  substratum  can  be  questioned  on  the  basis  of  the 
experiments  of  De  Waele,^*^  who  succeeded  in  demonstrating  the  presence  of 
the  ferments  by  means  of  the  Abderhalden  reaction  already  a  few  minutes  af- 

s^Flatow:      Munch.    Med.    W'och.,    1914,    p.    468. 

"Flatow:      Ibid,   p.   608. 

*2Flatow:      Ibid,   p.    1168. 

s'Herzfeld:       Bioch.    Zeitschr,    1914,    p.     103. 

»<Kjaergaard :       Zeitschr    fur    Immunitatsforsch.,    Orig.,     1914,    xxii,    p.    31. 

"Plaut:      Munch.    Med.    Woch.,    1914,    p.    238. 

""De  W^aele:      Zeitschr.    fur   Immunitatsforsch.,   Orig.,    1914,   xxii,   p.    170. 
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ter  the  parental  introduction  of  the  foreign  protein  into  experimental  animals, 
an  interval  hardly  sufficient  for  the  production  of  new  specific   ferments. 

These  results  corroborate  the  previous  findings  of  Heilner  and  Petri*'  who 
concluded  from  the  rapidity  with  which  the  ferments  appeared  as  a  result  of 
the  parenteral  introduction  of  the  protein  that  this  must  be  a  case  not  of  new 
formation  of  such  ferments,  but  of  specific  activation  "Arteinstellung,"  of  pre- 
existing ferment.  De  W'aele.  indeed,  suggests  the  identity  of  this  ferment  with 
antithrombin. 

Apart  from  the  explanation  of  the  Abderhalden  reaction  on  the  basis  of 
mechanical  adsorption  or  of  activation  of  pre-existing  ferments,  a  number  of 
investigators  attempted  to  study  the  phenomena  underlying  the  Abderhalden  test 
from  the  standpoint  of  immunity.  Since  it  was  established  by  several  workers 
that  the  complement  played  an  important  part  in  the  reaction,  the  simplest  ex- 
planation of  the  Abderhalden  test  would  be  the  identification  of  the  substances 
responsible  for  the  specificity  of  the  Abderhalden  test  with  the  antibodies.  No 
definite  proof,  however,  of  such  an  identification  has  been  offered  in  the  numer- 
ous publications  on  the  subject.  At  the  same  time,  Abderhalden  states  def- 
initely that  upon  the  parenteral  introduction  of  foreign  protein,  independently  of 
any  antibody  that  may  be  produced  simultaneously,  specific  protective  ferments 
are  formed.  He  comes  to  the  conclusion  of  co-existence  of  two  processes  main- 
ly on  the  basis  of  the  fact,  that,  as  his  experiments  have  suggested,  during  the 
immunization  of  the  animal  its  serum  seems  to  acquire  a  new  property  to  cleave 
the  substratum  directly,  whereas  the  antibody,  although  directly  responsible  for 
the  specificity  of  protective  processes  in  the  body  through  its  property  to  anchor 
the  antigen,  is  known  not  to  attack  it  directly.  It  is  to  the  complement  that 
Ehrlich  and  his  school  attribute  the  property  to  act  upon  antigen. 

However,  the  experiments  of  Stephan,^^^  Hauptmann,^^  Bettencourt  and 
Menezes^°  as  well  as  our  own  experiments,^^  suggest  that  the  two  processes 
might  after  all  be  closely  related,  as  the  ferments  of  Abderhalden  seem  to  lose 
their  activity  upon  heating  at  58°,  and  once  thus  inactivated  can  be  restored  to 
action  by  the  addition  of  any  fresh  serum  (complement?). 

The  part  played  by  complement  in  the  activity  of  the  ferments  was  finally 
recognized  by  Abderhalden,  but  he  hopes  to  be  able  to  find  an  explanation  for 
this  without  identifying  his  protective  ferments  with  the  antibodies  of  Ehrlich.^^ 

This  question  of  relation  between  protective  ferments  of  Abderhalden  and 
immune  bodies  of  Ehrlich  was  extensively  studied  in  my  laboratory.  Our  ex- 
periments speak  against  the  existence  of  specific  ferments."^  since  even  sera  of 
highly  immunized  animals  failed  to  digest  directly  the  protein  used  for  their 
immunization,  although  they  gave  at  the  same  time  a  positive  Abderhalden  tcst.^* 
We  have  shown  that  the  dialysable  substances  appearing  during  the  test  do  not 
originate   from  the  substratum.     It  was   found,   on  the  contrary,   that  the   fer- 

«"Heilner    and    Petri:      Munch.    Mdl.     Wocli.,     19!.',    p.     1530. 

««Steiili:ui :      Munch.    Med.    Woch..    1914.    p.    801. 

»»Hauptmann:       Munch.    Meil.    Woch.,     1914,    p.     lloT. 

""Hpttcncouit   and    Mcnezes :      Compt.    rend.    Soc.    de    biol.,    1914,    p.    162. 

"Bronfenbrenner:       lour.     Kxper.    Med.,     191.S,    xxi,    p.    221. 

"Referring  to  it  he  says:  (see  Abwehrfermcnte,  4th  Ed.,  p.  154).  "Nothing  would  be  more  un- 
justified than,  on  account  of  this  parallelism,  quickly  to  invest  all  the  results  obtained  witli  n.Tincs 
from  the  realms  of  immunity.  For  analoKQUS  phenomena  need  not  be  identical  ;  moreover,  complf-^ 
ment,    amboceptor,    etc.,    are    terms    of    which,    in    rare    cases    only,    we   have    as    yet    a    clear    conception." 

"^Bronfenbreiiner :       Proc.     Soc.     ICxpo.     Hiol.     and     Med.,     1914.     xii.     p.     i. 

"^Bronfenbrenner:      Jour.    Kxper.    Med.,    1915,    xxi,    p.    221. 
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ments  responsible  for  the  cleavage  of  protein  during  the  reaction  in  pregnancy 
are  not  specific;  that  they  are  present  in  every  fresh  male  serum  as  well  as  fe- 
male; that  the  protein  attacked  by  these  ferments  is  not  that  of  the  substiatum 
but  that  of  the  serum  of  the  patient,  the  Abderhalden  reaction  thus  recording  the 
result  of  the  autodigestion  of  the  patient's  own  serum.^'^ 

As  to  the  mechanism  of  this  autodigestion  of  the  serum,  we  evolved  from 
our  experiments  the  following  explanation.  Proteolytic  ferments  are  pres- 
ent in  every  fresh  serum,  but  are  normally  inhibited  by  some  antitrj^ptic  con- 
stituents of  the  blood.^^ 

Removal  of  serum-antitrypsin  sets  free  the  normal  trypsin  of  the  blood, 
which  in  turn  digests  some  part  of  the  serum  itself.  Such  removal  of  the  anti- 
trypsin may  be  accomplished  in  vitro  by  two  apparently  independent  processes. 
One  nonspecific, — a  simple  adsorption  and  filtering  out  of  the  inhibiting  sub- 
stances,— which  would  explain  the  results  of  Plaut,®^  Peiper,^^  Heilner  and 
Petri,^^  who  succeeded  in  obtaining  a  positive  Abderhalden  test  by  mixing  the 
serum  with  substances  like  kaolin,  starch,  barium  sulphate,  etc.,  and  on  the 
other  hand  it  would  explain  the  results  of  Kjergaard,  Flatow  and  our  own, 
where  the  ninhydrin  reacting  substances  appeared  when  normal  serum  was  mixed 
with  excess  of  substratum.  The  other,  an  apparently  specific  process,  in  which 
the  falling  out  or  inactivation  of  the  inhibiting  substances  appears  to  be  the  re- 
sult of  the  change  of  the  colloidal  conditions  of  the  media,  resulting  from  the 
specific  combination  of  the  antigen  of  the  substratum  with  the  antibody  of  the 
patient's  serum, — a  reaction  which  is  identical  with  that  recorded  also  by  the 
stalagmometer  in  the  experiments  of  Ascoli.  The  serum  deprived  of  antitrypsin 
undergoes  autodigestion,  which  is  evidenced  in  the  Abderhalden  test  by  the 
appearance  of  dialysable  substances. 

This  interaction  between  the  substratum  and  the  specific  serum  is  in  gen- 
eral comparable  to  the  interaction  between  antigen  and  antibody  in  other  im- 
munity reactions,  inasmuch  as,  apart  from  appearance  of  dialysable  substances, 
the  substratum  in  the  Abderhalden  test  seems  to  undergo  changes  identical  with 
those  of  erythrocytes  when  acted  upon  by  hemolytic  amboceptor;  namely,  the 
substratum  anchors  the  specific  constituents  of  the  immune  serum,  thus  becom- 
ing sensitized. ^°°  Such  a  sensitized  substratum  was  found  to  be  able  to  induce 
autodigestion  in  any  fresh  normal  serum  (complement),  and  thus  the  important 
findings  of  Stephan^°^  as  to  the  part  played  by  complement  in  the  Abderhalden 
test  can  be  easily  explained.  The  heated  serum  containing  only  antibody  (as 
the  normal  proteolytic  ferments  were  destroyed  by  heat)  retains  the  property 
of  sensitizing  the  substratum.  Upon  the  addition  of  guinea-pig  complement  a 
sensitized  substratum,  by  removing  the  serum  antitrypsin  from  the  guinea-pig 
complement,  liberates  the  proteolytic  ferment  in  the  guinea-pig  serum,  which 
in  turn  may  digest  the  globulin  not  only  of  the  serum  of  the  guinea-pig,  but  also 

'^Bronfenbrenner:  Proc.  Soc.  Exp.  Biol,  and  Med.,  1914,  p.  7.  These  findings  were  confirmed 
by    Eggstein    fjourn.    Am.    Med.    Assn.,    1915,    p.    735). 

"'■■According  to  Schwartz  the  lipoids  of  the  blood  are  responsible  for  its  antitryptic  properties 
(Schwartz:  Wien.  Klin.  Woch.,  1909,  p.  861).  Jobling  and  Peterson  (see  Jour.  Exper.  Med.,  1914, 
ixx,    p.    239)    recently    confirmed    the    antitryptic    action    of   lipoids. 

»"Plaut:      Munch.   Med.    Woch.,    1914,   p.    238. 

"^Peiper:      Deut.    Med.    Woch.,    1914,    p.    1467. 

^"Heilner  and   Petri:      Munch.    Med.    Woch.,    1913,   p.    1S30. 

^""Bronfenbrenner,    Mitchell    and    Schlesinger:      Bioch.    Bull.,    1914,    p.    386. 

"JStephan:      Munch.    Med.    Woch.,    1914,    p.    801. 
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that  of  inactivated  human  serum,  thus  giving  rise  to  dialysable  substances.  It 
is  thus  possible  that  the  complement  fixation  phenomenon  is  merely  another  ex- 
pression of  the  same  reaction  which  by  Abderhalden  is  recorded  through  the 
ninhydrin  test.  Considered  from  this  point  of  view,  the  Abderhalden  theory 
does  not  seem  to  contribute  anything  essentially  new  to  the  explanation  of  the 
protective  processes  which  take  place  in  the  body  as  a  result  of  parenteral  in- 
troduction of  protein,  but  simply  offers  a  new  indicator,  by  which  the  existence 
of  the  protective  substances  can  be  recorded  in  vitro. 

Diagnostic  Methods  Base;d  on  New  Conception  of  the  Nature  of  Enzyme 

Action  in  the  Beood 

Although  we  do  not  assert  to  have  found  definite  proof  that  the  nature  of 
the  "Defensive  Ferments"  is  identical  with  that  of  the  antibody  or  amboceptor, 
the  results  of  our  experiments  seem,  nevertheless,  to  contribute  additional  evi- 
dence to  the  effect  that  a  considerable  amount  of  parallelism  between  the  two 
undoubtedly  exists. 

Thus,  remembering  the  important  role  played  by  complement  in  the  Abder- 
halden reaction  we  tried  for  instance  to  find  whether  the  known  property  of 
antibody  to  sensitize  the  antigen  at  a  low  temperature,  which  excludes  the  ac- 
tivity of  complement,  is  also  true  for  the  Abderhalden  reaction.  We  found  that 
there  was  not  only  no  dialysis  in  the  test  containing  placenta  and  the  pregnant 
serum  when  the  temperature  was  low,  but  also  that  the  substratum  as  well  as 
the  serum,  underwent  changes  absolutely  similar  to  those  we  should  have  ex- 
pected if  we  had  used,  instead,  a  hemolytic  amboceptor  and  corresponding  ery- 
throcytes, namely,  the  serum  lost  its  specific  elements,  and  the  substratum  be- 
came changed  in  such  a  way  that  is  acquired  property  to  give  up  dialysable 
ninhydrin  reacting  substances  when  mixed  with  any  fresh  serum  (complement?)  ; 
411  other  words,  the  substratum  became  sensitized. 

Tables  below  (III  and  IV)  show  it  quite  conclusively: 

Table  III. 
The  Abderhalden  Reaction  Is  Arrested  at  0°   C. 


Pregnant  human  serum. 

Normal  male  serum. 

Control. 

3  c.c.  serum, 
1  gni.  placenta. 

In  glass  tube  at 
0°C.    for   16  hrs. 

1.5   c.c.   serum, 
0.5   gm.  placenta. 

In  thimble  at 
0°C.    for    16  hrs. 

3  c.c.  serum, 
1  gm.  placenta. 

In  glass  tube  at 
0°C.    for    16  hrs. 

Contents     centri- 
fuged  and  ser- 
um     separated 
and  divided   in 
two   parts 
(table  IV). 

C 

1.5   c.c.   serum, 
0.5  gm.  placenta. 

In  thimble  at 
0°C.    for    16  hrs. 

Ninhydrin  test 

5    c.c.    1%    silk 
peptone. 

In  thimble  at 
0°C.    for    16  hrs. 

Contents      centri 
fuged  and  ser- 
um     separated 
and  divided  in 
two  parts 
(table  IV). 

Ninhydrin  test 

Ninhydrin  test 

+ 

A 

B 

D 

E 

Three  c.c.  of  pregnant  scrum  were  placed  in  a  centrifuge  tube  together  with  1  gm. 
of  boiled  placenta  protein.  The  contents  of  the  tube  w^re  covered  with  a  layer  of  toluol, 
stoppered  with  a  cork,  and  put  into  the  icebox  (Table  III-.\).  Parallel  with  this,  1.5 
c.c.  of  the  same  serum  with  placental  were  placed  in  a  dialysinj;  tliiiiiltle  and  >;tis]HMide(l  in 
a  bottle  with  distilled  water,  as  for  a  regular  Abderhalden  test,  with  the  only  difference 
that  instead  of  placing  it  in  the  thermostat,  it  was  put  into  the  icebox   (Table  III-B).     As 
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a  control,  an  exact  duplicate  of  these  was  put  up,  with  male  instead  of  pregnant  serum 
(Table  III-C  and  D).  In  addition  to  these  another  control  was  made  by  placing  5  c.c. 
of  1  per  cent  silk  peptone  in  a  dialysing  thimble  (Table  III-E).  At  the  end  of  sixteen 
hours   the  results   tabulated  above  were  obtained. 

While  the  dialysate  from  the  peptone  gave  a  positive  ninhydrin  reaction 
(Table  III-E)  showing  that  dialysis  was  not  arrested  at  0°C.,  the  Abderhalden 
test  with  both  pregnant  and  normal  sera  gave  negative  results  (Table  III-B  and 
D),  which  in  view  of  the  findings  with  the  silk  peptone  meant  that  no  dialysable 
substances  were  formed  in  the  thimbles  with  pregnant  as  well  as  with  male 
serum  at  O'C. 

Table  IV. 

The  Appearance  of  Dialysable  Substances  in  Pregnant  Scrum  After  the  Removal  of 

Placenta. 


Thimble  B  of  ->  ^     r      , .     xtt  Thimble  D  of 

Serum  A  of  table  III  S  TTT  S^"""""  ^  °^  *^^^^  "^         I       table  III 


1.5     c.c.     in       1.5     c.c.     in        Transferred  1.5     c.c.     in       1.5     c.c.     in        Transferred 

thimble  on  ice  thimble  at  37°    to  2)7°   C.    for  thimble  on  ice   thimble  at  27"    to  Z7°   C.   for 

for  16  hrs.         C.  for  16  hrs.     16     h  r  s.     in  for  16  hrs.         C.  for  16  hrs.    16     h  r  s.     in 

fresh    distilled  fresh    distilled 

water.  water. 


Ninhydrin  Ninhydrin  Ninhydrin  Ninhydrin  Ninhydrin  Ninhydrin 

test  test  test  test  test  test 

-  +  +  _  -  _ 


A'  A"  B  C  C"  D 


Having  thus  ascertained  that  the  digestion  did  not  occur  on  ice,  both  centrifuge 
tubes  containing  placenta  with  male  and  pregnant  serum  respectively  (Table  III-A  and  C") 
were  removed  and  the  contents  of  the  tubes  centrifuged  at  high  speed.  After  ten  min- 
utes' centrifugation  the  serum  was  separated  from  the  placenta  in  each  tube  and  equally 
distributed  into  two  thimbles  each  (Table  IV- A'  and  A",  C  and  C").  These  were  placed 
in  bottles  containing  distilled  water,  the  fluid  inside  and  outside  of  the  thimbles  was  cov- 
ered with  toluol,  and  one  of  each  set  of  the  bottles  (Table  IV-A'  and  C)  placed  in  the 
icebox,  the  other  (Table  IV-A"  and  C")  in  the  incubator.  At  the  same  time  the  thimbles 
containing  a  regular  Abderhalden  test  w^ere  transferred  to  the  thermostat  (Table  IV-B 
and  D).  After  sixteen  hours'  incubation  at  27°  C.  a  ninhydrin  reaction  was  made  with 
each  dialysate,   and   the   results   obtained   were   those   tabulated  above. 

Thus  it  seems  that  by  allowing  the  pregnant  serum  to  combine  with  placenta 
at  a  low  temperature  (Table  III-A  and  B)  it  was  possible  to  resolve  the  Abder- 
halden test  into  two  phases,  indicating  that  it  is  not  a  simple,  but  a  composite 
reaction.  The  experiment  above  shows  that  dialysable  substances  appear  only 
in  the  second  phase  of  the  reaction,  after  the  placenta  has  been  removed  (Table 
IV-A'').  The  fact,  moreover,  that  their  appearance  followed  the  combination 
of  pregnant  serum  and  placenta  only  after  such  a  serum  separated  from  pla- 
centa, was  incubated  at  37  =  C.,  and  that  they  did  not  appear  at  0=  (Table  IV- 
A')  confirm  our  prior  conclusion  that  the  dialysable  substances  during  the  sec- 
ond phase  result  from  the  autodigestion  of  the  scrum  and  not  from  the  diges- 
tion of  the  placenta. 

These  findings  are  not  only  of  theoretical  importance,  inasmuch  as  they 
furnish  further  proof  of  the  similarity  of  the  phenomenon  of  the  Abderhalden 
with  the  immunity  reaction,  but  are  also  of  practical  value.  To  those  making 
routine  examinations  by  the  Abderhalden  method,  it  is  known  that  the  blood  of 
a  patient  taken  under  certain  conditions,  as  when  there  is  high  temperature,  pus 
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formation  or  recent  ingestion  of  food  may  contain  an  amount  of  amino  acid 
sufficient  to  mask  the  specific  reaction.^"-  Whereas  the  last  mentioned  factor 
can  be  regulated  with  little  inconvenience  to  the  patient,  blood  being  taken  be- 
fore breakfast,  it  is  impossible  to  obviate  the  complications  in  the  other  cases.^°^ 
In  such  instances,  where  the  serum  alone  contains  dialysable  ninhydrin  reacting 
substances  the  difference  in  the  intensity  of  color  reaction  with  ninhydrin  of  the 
control  tube,  and  the  tube  containing  placenta  (or  other  substratum),  as  well 
as  serum,  furnishes  the  basis  for  diagnosis,  according  to  Abderhalden.^°*  The 
findings  illustrated  on  the  tables  above  suggested  to  us  a  procedure^"^  which 
would  allow  the  examination  of  any  human  or  animal  fresh  serum  taken  at  any 
time,  no  matter  what  the  condition  of  the  patient  might  be.  This  modified  pro- 
cedure is  the  following: 

After  remaining  over  night  in  contact  with  the  suspected  serum  in  the  ice- 
box, the  placenta  (or  other  substratum,  as  the  case  may  be)  is  centrifuged, 
washed  with  water  to  remove  any  serum  that  may  stick  to  it,  and  placed  in  a 
new  thimble  with  any  serum  known  to  be  free  from  dialysable  ninhydrin  react- 
ing substances.  The  best  for  this  purpose  is  serum  from  a  guinea-pig  kept  with- 
out food  long  enough  (6-8  hours)  to  free  its  blood  from  dialysable  reactive  sub- 
stances. It  is  necessary,  of  course,  to  take  the  additional  precaution,  in  the 
diagnosis  of  pregnancy,  of  using  male  guinea-pig  serum,  since  fresh  serum  from 
a  pregnant  guinea-pig  gives  a  positive  reaction  with  human  placenta,  and  may 
thus  cause  grave  error. 

Antitryptic  Index  as  a  Method  of  Registering  the  Activation  oe  Sero- 

ENZYME 

The  method  just  described  permits  to  avoid  errors  in  diagnosis  by  the  di- 
alysis method  without  the  recurrence  to  the  method  of  Schlimpert  which  is  in- 
convenient for  several  reasons  discussed  in  one  of  the  preceding  paragraphs. 
However,  the  fact  that  in  the  modification  oiifered  by  us  the  use  of  thimbles 
and  ninhydrin  still  plays  an  essential  part  of  the  procedure,  opens  the  method 
to  the  same  criticism  which  we  directed  before  against  the  original  metliod. 
We  tried  therefore  to  find  a  method  by  ^^■hich  we  could  register  the  specific  in- 
teraction between  the  immune  serum  and  its  corresponding  substratum  without 
recurrence  to  dialysis. 

The  conception  of  the  mechanisms  of  the  proteolysis  taking  place  in  the 
test,  outlined  by  us  previously  in  this  paper,  offers  such  a  possibility.  Namely. 
in  our  early  experiments"''  we  concluded  that  the  combination  between  the 
antibodies  of  specific  serum  with  the  antigen  (substratum)  is  accompanied  by 
a  physico-chemical  change  of  the  medium.  This  in  turn  causes  the  falling  out 
or  inactivation  of  antitrypsin  of  the  serum,  which  originally  prevented  the  ac- 
tivity (;f  the  normal  proteolytic  enzyme.  The  measurements  taken  by  means  of 
stalagmometer  as  well  as  refractometer  leave  no  doubt  as  to  the  ])hysical  nature  of 

io2Abae.hal.len:      Munch.    Med.    Woch.,    19N,    p.    401;    also    LanRe:       Hcrl.    Klin.     Wool...     1014.    p. 

''^^'  ^'ior'TuTler  discussion  see  one  of  the  preceding  parts  of  this  paper.  The  presence  of  dialvsaWe 
material  in  the  flui.l  in  which  the  specific  ferments  are  looked  for.  ,s  especially  important  m  the  ex- 
Tr^ination   of   urine,    in    which    there    is   always   a    certain    amount   of   such    sv,hMancc.    present. 

'"'Abderhalden  :      Ahwehrfermente,    4th    Ed.,    p.    2/,i. ,c^         ,         n        / 

"^Bronfenbrenner.     Mitchell     and     Schlesinger:       "rJ''     '^>'"- •'?•'•     "":';;     ^^^^     •'^'^'^     ^roni^rx- 
brenner.    Schlosin-jer    and    Mitchell:      Journ.    of    Amer.    Med.    Assn.,    1915,    p.    1..68. 
""•Bronfenbrenner:      Proc.    Soc.    Exp.    Biol,    and    Med..    1914.    xii,    p.    4. 
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the  phenomena.^""  We  showed  definitely  that  this  physical  change  of  medium 
afifects  the  activity  of  ferments  of  the  serum  through  the  inactivation  of  serum 
antitrypsin  in  two  ways.  On  the  one  hand  we  succeeded  in  checking  the  ap- 
pearance of  dialysable  substances  in  the  Abderhalden  test  by  means  of  increas- 
ing the  amount  of  serum  antitrypsin  "^  ^"'-^  (as  suggested  by  the  experiments  of 
Schwartz""),  On  the  other  hand  we  actually  measured  the  decrease  of  the  anti- 
tryptic  titer  of  the  serum  during  the  reaction.  We  found  that  the  diminution 
of  the  antitryptic  activity  of  the  serum,  as  tested  against  trypsin  solution,  takes 
place  in  a  specific  manner,  inasmuch  as  it  occurs  only  in  cases  where  the  serum 
contains  specific  antibodies  and  is  parallel  with  the  intensity  of  the  Abderhalden 
test;  so  that  the  estimation  of  antitrypsin  in  serum  undergoing  digestion  may  be 
used  as  a  method  of  diagnosis  parallel  with,  and  complementary  to,  that  of  the 
Abderhalden  test.  Moreover,  if  the  Abderhalden  test  is  divided  into  two  parts,  as 
was  shown  before  in  this  paper,  over  thirty  per  cent  of  the  antitrypsin  is  re- 
moved during  the  first  part  of  the  reaction. ^^^ 
The  procedure  of  this  method  is  as  follows : 

The  unknown  serum  is  placed  in  a  sterile  centrifuge  tube  (1.5  c.c.)  with 
a  suitable  amount  of  substratum  (previously  carefully  standardized),  stoppered 
with  a  cork  and  allowed  to  remain  on  ice  for  18  hours  (over  night).  At  the 
same  time  the  antitryptic  titer  of  the  serum  is  determined  by  any  of  the  standard 
methods.^^-  At  the  expiration  of  18  hours  the  contents  of  the  tube  are  centri- 
fuged,  serum  separated,  its  antitr}^ptic  titer  is  again  determined  and  the  re- 
mainder of  the  serum  is  placed  in  the  thermostat.  It  is  obvious  that  parallel 
with  this  main  test,  one  must  conduct  also  two  control  tests  (one  with  the  know^n 
immune  and  the  other  wath  a  known  normal  serum).  If  the  unknown  serum 
contained  the  antibodies  in  question  one  will  notice  a  distinct  drop  in  its  anti- 
tryptic titer  taking  place  during  the  sojourn  of  the  serum  on  ice.  Besides,  such 
serum,  when  transferred  to  a  thermostat  (after  separation  from  placenta)  be- 
comes turbid,  whereas  the  serum,  not  containing  specific  antibodies,  does  not 
show  either  decrease  in  its  antitryptic  titer  nor  turbidity  following  the  incuba- 
tion in  a  thermostat. 

The  simplicity  of  this  method  is  very  apparent.  In  addition  to  the  fact 
that  such  method  eliminates  the  dialysis  and  subsequent  ninhydrin  test,  both  of 
which  are  known  to  be  the  cause  of  many  discrepancies  in  the  results  obtained 
by  the  original  Abderhalden  method,  such  method  as  the  one  just  described  is 
convenient  also  because  it  allows  to  examine  also  the  sera  containing  dialysing 
substances  previous  to  their  incubation  with  substratum. ^^^ 

However,  we  do  not  wish  to  convey  a  false  impression  that  this  method 
is  altogether  as  simple  as  just  described.  We  wish  to  remind,  that  in  such  test 
as  this,  a  very  careful  adjustment  of  the  relative  amounts  of  serum  and  sub- 
stratum is  most  essential,  as  an  excess  of  substratum  may  cause  the  diminution 

""These  experiments  are  being  reported  in  collaboration  with   Dr.    M.    Fleisher  of  St.    Louis. 
i'»Bronfenbrenner:      Proc.    Soc.    Exp.    BiaJ    and    Med.,    1914,    xii,    p.    6. 
lo^Bronfenbrenner :      Pennsylvania    State    Med.    Journ.,    October,    1914. 

""Schwartz:  Wien.  Klin.  Woch.,  1909,  p.  1151;  also  Tobling  and  Peterson:  Tourn.  Exp.  Med., 
1914,  p.   239.  1  -  .  fe 

"'Bronfenbrenner.    Mitchell    and    Titus:       Bioch.  Bull.,     1914,    iv,    p.    86. 

"*We  used  mostly  the  method  of  Brieger  and  Trebing  (see  Berl.  Klin.  Woch.,  1908,  No.  22, 
No.    29.   and   No.    51. 

"'Bronfenbrenner,    Andrews    and    Scott:      Journ.  Amer.    Med.    Assn.,    1915,    p.    1306. 
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of  antitrypsin  in  a  normal  serum  at  least  as  often  as  it  does  in  the  original  Ab- 
derhalden  test. 

By  performing  the  Abderhalden  test  in  two  phases,  one  can  make  two  tests, 
using  the  same  material.  Namely,  after  having  separated  the  serum  from  sub- 
stratum following  their  sojourn  on  ice  for  18  hours,  one  may  take  ofif  a  few 
drops  of  serum  for  the  determination  of  antitryptic  index  and  by  placing  the 
rest  of  the  serum  in  a  dialysing  thimble,  one  can  complete  the  Abderhalden  test 
according  to  procedure  described  by  us  before. 

The  AnaphyIvAToxin  Formation,  as  Diagnostic  Test  egr  Specific  Auto- 

DIGESTIGN    OF   THE    SERUM 

We  have  shown  in  preceding  paragraphs  that  the  combination  of  the  im- 
mune serum  with  its  corresponding  substratum  is  followed  by  the  autodigestion 
of  the  serum.^^*  We  have  observed  that  the  split  products  of  such  autodiges- 
tion of  serum  are  toxic  to  homologous  animals  and  probably  identical  with  so- 
called  anaphylatoxin.^^^  The  early  observations  in  this  direction  suggested  the 
possibility  of  using  this  specific  formation  of  toxic  products  for  detection  of 
antibodies. ^^® 

The  method  was  originally  used  by  us  for  diagnosis  of  tuberculosis  and 
consists  in  injecting  into  the  skin  of  normal  guinea-pigs  0.05  c.c.  of  a  suitable 
mixture  of  the  patient's  serum  and  tuberculin  upon  which,  in  positive  cases, 
there  results  within  the  next  twenty-four  to  thirty-six  hours,  at  the  site  of  the 
inoculation,  a  reaction  similar  in  aspect  to  a  tuberculin  reaction.  Each  series 
of  guinea-pigs  is  accompanied  by  a  control  guinea-pig  receiving  intradermically 
the  double  dose  of  tuberculin  alone.  In  addition  to  this,  as  a  control  for  the 
serum,  each  guinea  pig  is  injected,  on  the  side  opposite  to  that  of  the  test  in- 
jection, with  double  the  amount  of  serum  alone. 

The  results  with  the  serum  skin  test  (as  we  called  this  reaction)  although 
quite  uniform  when  originally  applied  to  the  diagnosis  of  experimental  tuber- 
culosis in  guinea-pigs,  were  not  quite  as  satisfactory  when  applied  in  the  cases 
of  human  tuberculosis.^^''  As  the  formation  of  anaphylatoxin  depends  on  the 
specific  combination  between  antigen,  antibody,  and  complement,  and  as  the 
amount  of  circulating  antibody  varies  very  markedly  in  dififerent  tuberculous  in- 
dividuals, at  first  we  were  inclined  to  think  that  the  failure  to  obtain  more  reg- 
ular results  with  human  sera  was  due  to  this  dift'erence  in  antibody  contents  in 
different  cases.  Our  later  studies  on  the  mechanism  of  the  formation  of  ana- 
phylatoxin^^^  suggested  however  a  more  probable  explanation  of  our  failure  to 
obtain  uniform  results  with  human  material.  As  we  have  shown,  the  com- 
bination of  antigen  with  its  corresponding  antibody  results  in  autodigestion  of 
the  serum  containing  the  antibody.  The  products  of  such  autodigestion  of  the 
serum  are  however  toxic  only  to  the  animals  of  the  same  species.  Thus  in  the 
experiments   reported   above  the  anaphylatoxin  produced  as  a   result  of  auto- 


'"Bronfenbrenner:  Proc.  Soc.  Ksv-  n\o\.  and  Med.,  1914.  xii.  p.  7.  These  findings  were  re- 
cently confirmed  by  Eggstein:     Joiirn.   Amer.   Med.   Assn.,    1915,   p.    735. 

ii'Bronfenbrenner:  Pennsylvania  State  Med.  Journ.,  October,  1914;  alsQ  Bioch.  Bulletin,  191S, 
iv,  p.  87;  also  .To\iin.  Exp.  Med.,  May,  191, S,  xxi,  p.  480.  These  lindinKS  are  corrolioratcd  by  .lobling, 
Peterson,   and  Eppstein  in  the   current  number   of  the  Journ.    Exp.    Med.,    1915,   xxii,   401. 

"'Bronfenbreiiner:      Proc.    Soc.    Exp.    Biol,   and    Med.,    1914,   xii,   p.    90;   also   Science,    1914.   p.   80J. 

"■Bronfenbrenner:      Trans.    Nat.    Assn.    Study    and    Prev.    of    Tuberc,    May,    1914. 
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digestion  of  human  serum  was  not  uniformly  toxic  to  guinea-pigs.     We,  there- 
fore, changed  the  method  in  the  following  manner."'^ 

The  serum  of  the  patient  is  injected  intraperitoneally  into  a  normal  guinea- 
pig  thus  transferring  upon  the  guinea-pig  the  specific  properties  of  the  patient's 
serum.  Twenty-four  hours  later  this  guinea-pig  is  bled,  its  serum  is  placed 
upon  ice  in  a  test  tube  with  a  suitable  amount  of  substratum  (placenta,  tuber- 
culine,  B.  E.,  tumor  tissue,  etc.,  as  the  case  may  be).  Next  day  (twelve  to 
eighteen  hours  later)  the  serum  is  centrifuged  off  and  placed  in  the  incubator 
for  from  twelve  to  eighteen  hours.  During  this  incubation  the  serum  under- 
goes autodigestion  and  toxic  split  products  of  the  serum  are  formed,  as  we  have 
shown  before. ^^® 

At  this  time  0.05  c.c.  of  such  autodigested  guinea-pig  serum  is  injected  in- 
to the  skin  of  a  normal  guinea-pig  on  a  spot  previously  shaven.  From  twelve 
to  twenty-four  hours  later  one  observes  a  very  distinct  skin  reaction  on  the 
place  of  the  injection  if  the  serum  of  the  patient  used  in  the  test  contained 
specific  antibodies.  Instead  of  injecting  the  autodigested  serum  into  the  skin 
one  can  inject  0.5  c.c.  of  this  serum  into  the  heart  or  in  the  vein  of  a  normal 
guinea-pig  in  which  case  the  guinea-pig  will  die  with  symptoms  of  acute  ana- 
phylactic shock  if  the  serum  was  specific. 

If  the  serum  of  the  patient  did  not  contain  specific  antibodies,  the  serum  of 
a  guinea-pig  (which  received  such  a  normal  serum  intraperitoneally)  may  be 
injected  into  the  veins  of  normal  guinea-pigs  in  the  quantity  of  5  c.c.  and  more, 
without  causing  any  symptoms.^-" 

Although  by  these  methods  one  avoids  the  complications  incumbent  upon 
the  possible  presence  of  dialysable  substances  in  the  serum  of  the  patient  as 
well  as  the  possible  errors  connected  with  the  use  of  thimbles  and  ninhydrin,  it 
is  necessan,'  to  remember  that  these  tests  depend  on  the  autodigestion  of  the 
serum  in  the  same  degree  as  the  original  Abderhalden  test,  in  the  serum-skin 
reaction,  for  instance,  the  autodigestion  of  the  serum  may  take  place  as  a  re- 
sult of  specific  as  well  as  nonspecific  action  of  substratum  upon  serum.  The 
test  may  be  reliable  therefore  only  if  the  quantity  of  substratum  used  is  such 
that  it  is  unable  to  cavise  autodigestion  of  the  serum  by  merely  mechanical  ad- 
sorption. 

The  modifications  we  offer,  therefore,  do  not  improve  the  specificity  or  the 
sensitiveness  of  the  Abderhalden  reaction  since  they  depend  upon  the  same 
mechanism,  but  by  using  these  methods  we  avoid  the  additional  difficulties  and 
discrepancies  in  results  due  to  the  complications  in  the  reading  of  the  results 
of  the  reaction,  by  the  original  method  of  Abderhalden. 

Theoretically  the  methods  suggested  aboz'c  are  of  interest  because  thex  sub- 
stantiate our  assumptions  that  the  serum  ferments  are  not  specific,  that  the  di- 
alysable substances  originate  not  from  the  substratuni,  but  from  the  serum,  that 

^"Bronfenbrenner :      Proc.    Soc.    Exp.    Biol,    and    Med.,    1914,    xii,    p.    48. 

"'Bronfenhrenner :      Journ.    Exper.    Med.,    1915,    xxi,    p.    480. 

'^"The  specificity  of  this  reaction  has  not  been  tested  out  in  sufficient  number  of  cases  to 
judge  of  its  merits  as  compared  with  the  Abderhalden  reaction.  As  bqth  tests  depend  on  the  auto- 
digestion of  the  serum,  which  takes  place  as  a  result  of  combination  of  antibody,  with  the  substratum, 
one  should  expect  the  two  reactons  to  give  identical  resiilts.  Due  to  the  fact,  however,  that  the 
readings  in  Abderhalden  Reaction  may  be  influenced  by  imperfection  of  thimbles  or  by  the  delicacy 
of  ninhydrin  test,  the  anaphylatoxin  test  seems  to  offer  a  more  reliable  indicator  for  the  specific  auto- 
digestion of  the  immune  serum.  Kolmer  and  Williams,  who  recently  used  this  test  in  diagnosis  of 
pregnancy  obtained  good  results  even  althQugh  they  used  our  method  in  its  old  imperfect  form. 
(Kolmer    and    Williams:      Am.    Journ.    Obst.    and    Dis.    of    Women    and    Child.,    July,    1915.) 
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in  so  far  as  the  test  is  specific,  its  specificity  depends  on  the  presence  in  the 
blood  of  substances  identical  i^'ith  the  antibodies,  and  not  specific  ferments. 

COXCLUSIOXS 

The  critical  analysis  of  the  Abderhalden  reaction  as  a  diagnostic  method 
brings  us  to  the  following  conclusions : 

If  in  performing  the  test  one  follows  all  the  precautions  prescribed  for 
this  method,  if  one  in  addition  is  able  to  control  every  step  as  the  necessity' 
arises,  even  beyond  the  prescribed  procedure,  one  may  obtain  ver)^  satisfactory 
results  in  a  number  of  cases. 

There  will  be  certain  cases,  in  which  the  results  obtained  are  not  correct, 
but  a  competent  serologist  should  be  able  to  discard  such  findings,  guided  by  his 
thorough  control  of  numerous  factors  in  the  test.  In  its  present  form,  there- 
fore, the  test  undoubtedly  requires  that  the  men  who  perform  it  be  thoroughly 
trained  in  serologv  as  well  as  in  chemistry  of  enzyme,  if  possible. 

This  requirement,  however,  does  not  justify  Abderhalden  in  saying  that 
the  men  who  dissented  with  him  as  to  the  value  of  his  test  were  not  qualified 
to  form  their  opinion  on  account  of  lack  of  experience.  On  the  contrar}%  in 
going  over  the  tremendous  number  of  publications  on  the  subject,  one  is  im- 
pressed by  the  fact  that  a  great  majority  of  men  who  (if  we  take  Abderhalden's 
view  on  the  subject)  were  skillful  enough  to  perform  the  test  "properly"  and 
obtained  results  satisfactor}'  to  Abderhalden — are  men  who  never  did  any  sero- 
logical work  before,  or  did  very  little.  And  on  the  other  hand,  we  see  a  num- 
ber of  prominent  serologists  who  say  that  the  test  may  show  specific  results,  but 
the  fact  that  digestion  can  be  induced  in  any  serum,  speaks  against  the  spe- 
cificity of  the  "Abwehrfermente." 

A  certain  number  of  mistaken  diagnoses  have  been  made,  of  course,  by  the 
men  who  were  not  competent  to  even  properly  control  their  tests,  and  it  is  in 
order  to  eliminate  the  possibility  of  these  mistakes  that  a  number  of  improve- 
ments were  recommended  by  different  workers.  Some  of  the  modifications  of- 
fered simply  remove  certain  of  the  unclesirahle  elements  in  the  technic  of 
the  test,  but  do  not  change  the  essentials  of  the  reaction.  Other  modifications 
are  based  on  an  entirely  different  conception  of  the  phenomena  from  that  of- 
fered by  Abderhalden,  and  do  away  practically  with  the  entire  original  pro- 
cedure. But  even  these  improved  methods  it  seems  will  not  save  an  ordinary 
laboratory  worker  from  errors  mainly,  because  the  most  important  element, 
which  determines  the  specificity  of  reaction— the  easy  control  of  quantitative 
relation  belrvveen  the  substratum  and  serum— is  still  not  at  hand.  It  is  true,  that 
by  exercising  special  care  one  could  in  most  cases  approach  the  biological  truth 
using  the  specific  activation  of  sero-enzyme  in  vitro  as  indicator  of  spcoilic  i)roc- 
esses  in  the  body,  but  the  fact  alone  that  such  test  takes  consideral»le  time  for 
each  individual  case  (if  the  substratum  is  properly  standardized),  and  cannot 
be  entrusted  to  a  laboratory  technician,  makes  it  imi)ractical  for  the  diagnostic 
laboratory. 

The  test  still  remains  comparatively  useful  in  special  cases,  when  the  re- 
sults obtained  may  justify  the  expenditure  of  time  of  a  highly  trained  worker. 
but  even  tlnre.   T   feel,  though  often  correct,  the   re.sults  should  be  taken   with 
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reserve  until,  as  I  said  before,  tlie  substratum  is  obtained  in  such  a  form,  wl^ich 
would  permit  its  easy  standardization. 

The  amount  of  substratum  used  in  the  test  cannot  be  uniform  in  all  cases 
because  not  only,  as  I  have  stated,  different  immune  sera  react  with  various 
amounts  of  substratum  according  to  the  amount  of  specific  antibody  present, 
but  also  in  case  of  normal  sera,  the  amounts  of  substratum  capable  to  induce 
autodigestion  vary  with  different  sera.  Some  of  our  most  recent  investigations 
conducted  in  collaboration  with  Dr.  M.  Fleisher  indicate  that  usual  quantitative 
variations  in  the  relative  amounts  of  different  colloidal  constituents  of  normal 
blood  may  influence  the  rate  of  specific  as  well  as  nonspecific  colloidal  reactions 
upon  which  the  autodigestion  of  serum  in  vitro  depends. 

It  is  essential,  therefore,  to  obtain  the  substratum  in  some  such  form  as  a 
uniform  emulsion  or  even  solution  in  order  to  allow  a  more  intimate  and  a 
more  general  interaction  between  substratum  and  specific  elements  of  the  serum 
and  at  the  same  time  to  permit  a  most  careful  titration  of  the  substratum,  so 
as  to  preclude  the  possibility  of  a  non-specific  adsorption  by  it  of  the  colloidal 
serum  constituents. 

As  it  stands  at  present,  the  Abderhalden  reaction  has  only  a  scientific  in- 
terest, and  in  that  its  main  value  is  in  the  fact  that  it  stimulated  the  studying 
of  the  fermentative  activities  of  the  body  fluids  and  especially  of  the  blood. 

Although  these  studies  tend  more  and  more  to  deny  the  basic  discovery 
of  Abderhalden,  namely  that  the  body  is  endowed  with  the  ability  to  respond 
with  the  production  of  specific  ferments  upon  the  parenteral  introduction  of  for- 
eign substances,  it  is  evident  that  the  role  of  normal  nonspecific  ferments  of 
the  blood  received  much  more  attention  in  connection  with  the  phenomena  of 
immunity  and  with  parental  digestion  in  general,  than  it  was  given  before. 
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AS  an  outcome  of  the  work  of  numerous  investigators,  the  exact  chemical 
constitution  of  most  of  the  simpler  molecules  which  are  linked  together 
to  compose  the  much  larger  one  of  protein  itself  has  become  known,  and  a 
little  has  been  gleaned  regarding  the  manner  by  which  those  molecules  are  bound 
together.  To  grasp  the  main  principles  regulating  the  highly  complex  structure 
of  protein  it  is  of  value  to  think  of  its  molecule  as  a  finished  building,  and  of 
the  degradation  products  (the  amino  acids,  etc.)  as  building  materials.  Into 
the  structure  of  such  a  building,  materials  might  enter  which  are  the  same  as 
those  used  for  other  buildings,  and  yet  no  two  of  the  buildings  be  exactly  alike. 
According  to  this  view  the  protein  molecule  is  a  very  complicated  structure  built 
up  from  simpler  molecules  (the  building  stones),  which,  although  they  are  of 
the  same  general  chemical  nature,  are  never  used  in  exactly  the  same  propor- 
tions, or  joined  together  in  the  same  manner  in  different  proteins. 

This  conception  of  the  structure  of  protein  is  of  especial  importance  not 
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orily  in  the  study  of  protein  metabolism,  for  which  we  are  to  use  it  here,  but 
also  in  enabling  us  to  grasp  the  almost  unthinkable  number  of  varieties  in  which 
protein  exists,  without  there  being,  \n  many  cases,  any  outward  chemical  re- 
action or  physical  property  by  which  one  protein  can  be  distinguished  from 
another.  It  is  particularly  important  to  realize,  however,  that  differences  in 
structure  that  are  too  slight  to  be  recognizable  by  ordinary  chemical  means  may 
become  very  apparent  when  the  biological  method  is  used,  that  is  to  say,  when 
we  proceed  to  observe  the  behavior  of  an  animal  into  whose  blood  some  of  the 
protein  is  directly  injected.  As  is  well  known,  symptoms  of  varying  severity 
develop ;  from  the  almost  instantaneous  death  produced  by  snake  venom  to  the 
slowly  developing  anaphylactic  reactions  which  follow  the  injection  into  the 
blood  of  many  proteins  that  are  chemically  indistinguishable  from  those  of  the 
blood  itself.  When  the  protein  is  taken  by  mouth  these  poisonous  reactions  do 
not  supervene — even  snake  venom  is  harmless  when  swallowed — nor  is  it  pos- 
sible, during  digestion  of  a  protein  meal,  to  detect  food  proteins  in  the  blood  by 
means  of  the  precipitin  reactions.  Another  very  significant  point  in  this  con- 
nection is  that  no  proteolytic  enzymes,  capable  of  digesting  food-proteins,  are 
present  in  normal  blood,  but  they  immediately  appear  following  injection  of 
food-protein.  That  the  enzymes  are  absent  in  normal  blood  must,  therefore,  in- 
indicate  that  food  proteins  cannot  be  absorbed  as  such. 

What  causes  the  difference  between  the  parenteral  and  the  alimentary 
absorption  of  proteins?  This  evidently  is  a  fundamental  problem  not  of  bio- 
chemistry alone,  but  of  the  closely  related  science  of  immunology  as  well.  The 
answer  is  that  protein  is  absorbed  only  after  being  completely  broken  down  into 
the  amino  acids,  which  are  then  rebuilt  into  the  proteins  of  the  organism.  This 
view,  however,  did  not  for  many  years  receive  any  direct  experimental  support, 
although  many  facts  served  to  offer  circumstantial  evidence  in  favor  of  it. 
Among  these  may  be  mentioned  the  discovery  of  Buglia^  that  the  very  slow  in- 
travenous injection  of  completely  digested  flesh  did  not  produce,  on  the  part  of 
the  body,  any  of  the  reactions  which  we  have  seen  protein  itself  produces,  thus 
indicating  that  perfect  assimilation  had  occurred.  Other  investigators  succeeded, 
either  in  separating  amino  acids  from  the  blood  when  very  large  and  unusual 
quantities  were  directly  placed  in  the  intestine  (Abderhalden,  Guyon,  and  Lon- 
don) or  in  demonstrating  that  the  non-protein  nitrogen  present  in  the  blood  be- 
came increased  over  its  amount  during  starvation,  not  only  when  amino  acids 
were  placed  in  the  intestine,  but  also  during  the  digestion  of  protein  food.  Such 
results  could,  however,  scarcely  be  given  much  weight  in  deciding  whether,  un- 
der normal  conditions,  protein  is  absorbed  as  its  degradation  products,  for  it 
could  be  argued  that,  just  as  egg-albumin  is  absorbed  unchanged  into  the  blood 
when  very  large  amounts  are  present  in  the  intestine,  so  also  might  amino  acids. 
It  had  to  be  shown  that  such  substances  are  actually  present  in  the  blood  when 
digestion  of  protein  is  proceeding  under  normal  conditions,  and  this,  no  one  could 
succeed  in  doing. 

To  account  for  the  indisputable  disappearance  of  amino  acids  from  the  in- 
testine during  protein  digestion,  without  an\  trace  of  them  detectable  in  the 
blood,   two   views   were  current   for   many   years.      One   of   these   was   that   the 

iBuglia:      Ztschr.    f.    Biologic,   Iviii,    p.    162    (1912). 
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amino  acids  become  deaminated  (NH,  group  split  off  as  NH.,)  by  the  intestinal 
epithelium,  and  the  other  that  these  cells  are  endowed  with  the  power  of  re- 
combining  the  amino  acids  into  protein,  which  then  passes  into  the  blood. 

Justification  for  the  deaminization  hypothesis  seemed  to  be  obtained  by  the 
observation  that  there  is  more  free  ammonia  in  the-  blood  of  the  portal  vein  than 
in  that  of  the  systemic  circulation.  The  falsity  of  this  argument  was  definitely 
shown  by  Folin  and  Denis,-  who  found,  by  means  of  delicate  quantitative  methods 
for  the  estimation  of  ammonia  and  urea,  the  principle  of  which  will  be  described 
later,  that  the  amount  of  neither  of  these  substances  became  increased  in  the 
portal  blood  during  absorption  of  amino  acids  from  a  loop  of  intestine.  They 
made  the  further  important  discovery  that  the  ammonia  in  the  portal  blood  is 
really  very  small  in  amount  and  represents  the  absorption  of  ammonia  as  such 
from  the  intestinal  lumen,  where  it  is  produced,  chiefly  by  putrefactive  bacteria. 

Nor  could  any  evidence  be  obtained  in  favor  of  the  hypothesis  that  the 
absorbed  amino  acids  become  built  up  into  blood  proteins ;  it  was  an  hypothesis 
based  entirely  on  negative  findings,  and  had  to  be  dropped  when  discovery  was 
made  of  the  actual  presence  of  amino  acids  in  the  blood. 

The  above  general  statement  of  the  development  of  our  knowledge  of  the 
history  of  protein  in  the  animal  organism  brings  us  to  the  problem  as  it  stands 
at  the  present  day,  and  it  becomes  of  interest  to  examine  into  the  methods  that 
are  being  employed  by  biochemists  in  its  further  elucidation.  It  may  be  stated 
that  these  methods  are  three  in  number,  viz. : 

1.  Separation  of  the  amino  acids  from  the  blood  by  dialysis  (Abel,  Ab- 
derhalden). 

2.  Comparison  of  the  amount  of  non-protein  nitrogen  of  the  blood  and 
tissues  before  and  during  food-absorption  (Folin,  etc.). 

3.  Comparison  of  the  amount  of  amino  nitrogen  in  the  blood  and  tissues 
before  and  during  *"ood-absorption  (Van  Slyke,  etc.). 

We  shall  endeavor  to  point  out  the  most  importaHt  discoveries  brought  to 
light  by  these  methods. 

/.  The  Dialyser  Method:  Abel  and  Turner^  were  the  first  to  succeed  in 
causing  the  diffusible  amino  acids  to  leave  the  blood  by  dialysis  in  sufficient 
amounts  for  proper  chemical  identification.  Their  success,  where  others  had 
failed,  was  due  to  the  use  of  a  so-called  vivi-dift'usion  apparatus,  which  consists 
of  a  long  tube  of  celloidin  connected  at  one  end  with  an  artery  and  at  the  other 
with  a  vein  of  an  anaesthetized  animal.  The  tube  is  immersed  in  a  saline  solu- 
tion approximating  in  composition  to  the  salt  content  of  the  serum  of  the  ani- 
mal. All  diffusible  constituents  of  the  blood  plasma  accumulate  in  the  saline  so- 
lution, or  if  it  be  desired  to  prevent  any  one  of  them  from  diffusing,  it  is  only 
necessary  to  add  that  particular  substance  to  the  saline  in  such  amount  as  will 
make  its  concentration  in  plasma  and  saline  alike.  In  some  ways,  it  will  be 
seen,  the  apparatus  may  be  considered  as  an  "artificial  kidney."  Its  possible 
clinical  application,  for  the  purpose  of  removing  poisons  from  the  blood,  is 
being  investigated.  Whh  the  apparatus  it  has  been  possible  to  isolate  several 
of  the  amino  acids  and  other  ammonia-yielding  substances  from   blood.     Thus 

=Fo!in   and    Denis:      Jour.    Biol.    Chem.,    xi,    p.    161    C1912). 

'Abel    and    Turner:      Journal    of    Pharmacology    and    Experimental    Therapeutics,    v,    pp.    275    and 
625    (1913). 
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alanine  and  valine  were  obtained  in  crystalline  form,  and  histidine  and  creatine 
could  be  shown  to  be  present  by  their  reactions.  All  of  the  amino  substances  do 
not,  however,  dialyse,  for  Rohde,  working  with  Abel,  has  shown  that  there,  are 
certain  of  them  that  do  not  diffuse  and  are  further  characterized  by  the  fact  that 
they  do  not  readily  give  up  their  ammonia  on  the  addition  of  sodmm  carbonate^ 
which  the  diffusible  substances  do.* 

//.  Comparison  of  the  Amount  of  Non-protein  Nitrogen  in  the  Blood  and 
Tissues:  As  explained  above,  it  w^as  mainly  by  the  use  of  this  method  that 
Folin  and  his  pupils  w'ere  able  to  show  that  neither  a  deaminating  nor  a  synthe- 
sizing function  resides  in  the  intestinal  epithelium.  Although  his  methods  do  not 
permit  us  to  state  that  amino  acids  as  such  are  absorbed  into  the  blood,  the  re- 
sults which  he  obtained  can  not  be  interpreted  on  any  other  basis.  The  sub- 
stances estimated  in  the  blood  are  the  non-protein  nitrogen,  the  ammonia  and 
the  urea.  The  non-protein  nitrogen  and  the  urea  are  converted  into  ammonia, 
which,  along  with  the  ammonia  originally  present,  is  then  determined  by  adding 
sodium  carbonate  and  bubbling  air  through  the  mixture  and  then  through  a  weak 
acid  to  catch  the  liberated  ammonia.  Nessler's  reagent  for  ammonia  is  then 
added  to  this  flask  and  the  intensity  of  the  orange  color  which  develops  is  com- 
pared in  a  Duboscq  colorimeter  with  that  given  by  a  standardized  ammonia  solu- 
tion mixed  wdth  the  reagent.  Nessler's  test  is  an  extremely  sensitive  one,  be- 
ing used  in  water  analysis,  so  that  with  due  care  very  accurate  estimations  can 
be  made,  even  on  a  few  c.c.  of  blood. 

For  non-protein  nitrogen,  the  proteins  in  an  accurately  measured  quantity 
of  blood  are  precipitated  by  methyl  alcohol  and  zinc  chloride,  and  an  aliquot  por- 
tion of  the  filtrate,  after  being  heated  to  get  rid  of  the  alcohol,  is  digested  with 
concentrated  sulphuric  acid  in  the  presence  of  copper  and  potassium  sulphates 
until  all  of  the  organic  matter  has  become  oxidized  (Kjeldahl's  process).  The 
clear  incineration  residue  contains  all  of  the  nitrogen,  that  was  present  in  the 
original  material,  as  ammonium  sulphate.  It  is  diluted  with  water  and  trans- 
ferred to  a  cylinder  in  which,  after  being  mixed  with  alkali,  the  ammonia  is 
driven  out  of  it  by  an  air  stream  and  estimated  as  above  described. 

For  ammonia,  a  larger  amount  of  blood  is  taken  and,  after  dilution,  is 
mixed  with  sodium  chloride  and  sodium  carbonate  and  the  ammonia  driven  o!T 
by  the  air  stream. 

For  urea,  Folin's  method,  which  was  somewhat  difficult,  has  come  to  be 
superseded  by  that  of  E.  K.  Marshall,  Jr.,  which  is  extremely  simple,  and  de- 
pends on  the  conversion  of  the  urea  into  ammonium  carbonate  by  means  of  the 
"urease"  of  the  sov  bean.  The  ammonia  is  then  estimated  by  Folin's  method. 
By  subtracting  the  ammonia  found  present  in  another  sample  of  the  same  blood 
from  that  found  after  the  action  of  urease,  the  ammonia  derived  from  urea  is 
determined.  Certain  drug  manufacturers  produce  "urease"  in  the  form  of  i 
dry  powder  which  is  extremely  active  and  can  entirely  decompose  all  the  urea 
in  blood  or  urine  in  a  few  minutes. 

It  will  be  noticed  ihat  the  above  is  no  direct  method  for  estimating  amino 
acids;  which,   however,   along  with   certain   other  ammonia-yielding  substances. 


*Qi.    Abel:      The    Mellon    Lecture;    Science,    xlii,    p.    135    (1915). 
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such  a^  creatinine,  uric  acid,  etc.,  make  up  the  remainder,  after  subtracting  the 
nitrogen  of  urea  and  ammonia  from  the  total  non-protein  nitrogen. 

We  shall  not  go  into  the  actual  experiments  which  Folin  and  his  pupils 
have  performed  by  the  use  of  these  methods,  because  the  conclusions  are  pretty 
much  the  same  as  those  reached  by  Van  Slyke,  etc.,  which  are  given  below.  In 
a  future  review  we  hope  to  show  how  Folin's  methods  have  been  used  to  in- 
vestigate the  retention  of  nitrogenous  substances  in  nephritis,  etc.'' 

///.  Comparison  of  the  Amount  of  Amino  Nitrogen  in  the  Blood  and  Tis- 
sues Before  and  During  Food-Absorption:  In  a  series  of  papers  appearing  in 
the  Journal  of  Biological  Chemistry,  D.  D.  Van  Slyke,  along  with  P.  A.  Levene 
and  G.  M.  Meyer,  has  described  in  detail  a  method  for  estimating  amino  nitrogen 
in  blood,  in  tissues,  and  in  urine.*'  The  method  depends  on  the  well-known  re- 
action represented  in  the  equation : 

RXH=+HNO,=ROH+X,+H,0. 

The  rate  with  which  different  substances  containing  the  amino  group  evolve 
their  nitrogen  is  not  the  same;  amino  acids,  most  proteins  and  hydrolyzed  (di- 
gested) proteins  become  decomposed,  with  vigorous  shaking,  in  five  minutes  ; 
native  proteins  (i.  e.,  those  coagulable  by  heat)  require  longer,  because  of  the 
formation  of  insoluble  coagula  which  mechanically  retain  the  nitrogen ;  amino 
purines  (guanin  and  adenin)  require  more  than  five  minutes.  Ammonium  salts 
are  also  decomposed  by  the  reagent,  but  at  a  much  slower  rate;  to  avoid  con- 
fusion due  to  the  presence  of  ammonia,  the  fluid  to  be  tested  can  be  first  of  all 
aerated  with  Ca(OH)2  and  the  liberated  ammonium  driven  ofif.  Urea,  as  is 
well  known,  also  liberates  its  nitrogen  with  nitrous  acid,  but  it  does  so  much 
more  slowly  than  the  amino  acids ;  thus,  in  the  time  that  amino  acids  yield  100 
per  cent  of  their  available  nitrogen,  urea  yields  only  3  per  cent.  A\"hen  only 
small  traces  of  urea  are  present,  as  in  blood,  the  error  which  they  would  intro- 
duce can  be  eliminated  most  simply  by  first  of  all  measuring  the  nitrogen  elimi- 
nated in  2  to  4  minutes  (according  to  temperature)  and  then  continuing  the 
decomposition  for  the  same  number  of  minutes  and  subtracting  the  nitrogen 
evolved  during  the  second  period  from  that  of  the  first.  The  urea  is  decom- 
posed at  a  vmiform  rate,  which  is  indicated  by  the  second  analysis. 

When  the  urea  is  large  in  proportion  to  the  amino  acids,  as  in  urine,  it 
can  be  removed  by  means  of  urease,  an  enzyme  present  in  the  soy  bean  and 
which  quickly  decomposes  urea  into  ammonium  carbonate.  The  ammonium  thus 
produced,  along  with  that  originally  present  in  the  urine,  can  then  be  removed 
by  shaking  the  urine  with  lime  (calcium  hydrate),  filtering,  and  evaporating  to 
dryness  on  a  water  bath. 

The  apparatus  employed  for  decomposing  the  substance  and  collecting  and 
measuring  the  evolved  nitrogen  consists  essentially  of  a  mixing  bulb  connected 
below  through  stop  cocks  with  two  small  burettes,  one  containing  a  solution  of 

^The   important   papers   are  as   follows : 

Folin  and  Denis:  The  Journal  of  Biological  Chemistry,  xi,  (1912),  p.  87  and  p.  493;  xii  (1912), 
p.    141    and    p.    253. 

Folin    and    Lyman:      ibid,    xii      (1912),    p.    259. 

Marshall:      ibid,   xv     (1913),   p.    487. 

«The  fundamental  papers  are  as  follows:  Donald  D.  Van  Slyke:  Journal  of  Biological  Chem- 
istry, Vol.  ix.  p.  185  (1911);  Vol.  xii.  p.  275  (1912);  Vol.  xii,  p.  301  (1912  (with  P.  A.  Levene); 
Vol.  xu,  p.  399  (with  G.  M.  Meyer);  Vol.  xiii,  p.  121  (1913);  ibid,  p.  125  (urine);  ibid,  p.  187  (tis- 
sues). 
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sodium  nitrite  and  glacial  acetic  acid,  the  other  a  solution  of  the  substance  to 
be  investigated.  The  upper  end  of  the  bulb  is  connected  by  a  three-way  cock 
with  a  graduated  gas  burette  and  a  Hempel  bulb  containing  potassium  perman- 
ganate solution.  By  allowing  some  nitrite  and  acid  solution  into  it  and  shak- 
ing, the  mixing  bulb  is  first  of  all  filled  to  a  certain  mark  with  nitric  oxide 
gas.  A  measured  quantity  of  the  amino  solution  is  then  allowed  to  run  into 
and  mix  with  the  nitrite  which  remains,  the  apparatus  is  shaken  for  five  min- 
utes at  15-20  degrees  C,  and  the  evolved  nitrogen  and  nitric  oxide  are  driven 
over  into  the  permanganate,  which  absorbs  the  nitric  oxide,  leaving  the  nitrogen, 
which  is  then  measured  in  the  burette.  To  ensure  thorough  liberation  of  the 
nitrogen,  the  apparatus  can  be  mechanically  shaken,  and  it  is  so  assembled  that 
several  consecutive  analyses  can  be  made  without  separating  any  of  the  parts. 
A  small  or  micro  apparatus  has  been  devised,  the  accuracy  of  which  is  such  that 
it  entirely  suffices  for  all  physiological  and  clinical  purposes  (e.  g.,  it  requires 
only  0.5  mgm.  of  amino  nitrogen  for  an  analysis  accurate  to  within  1  per  cent). 

In  estimating  the  amino  substances  in  blood,  the  proteins  are  first  of  all 
removed  by  alcohol  and  the  alcohol  along  with  any  free  ammonia,  subsequently 
removed  by  evaporating  in  faintly  alkaline  reaction.  To  estimate  the  amino 
substances  in  tissues,  the  weighed  amount  of  these  is  cut  up  and  thoroughly 
extracted  by  boiling  with  weak  acetic  acid,  the  extract  treated  with  alcohol  to 
remove  traces  of  protein,  then  concentrated  in  vacuo  to  suitable  bulk,  and  the 
amino  nitrogen  determined  by  the  usual  method. 

The  results  which  have  been  obtained  by  Van  Slyke  and  his  collaborators 
are  of  fundamental  importance.  We  shall  state  them  briefly  and  then  proceed 
to  show  how  they  may  be  pieced  together  so  as  to  furnish  us  with  a  more  or  less- 
complete  history  of  protein  in  the  organism  after  it  has  been  absorbed  from  the 
intestine. 

1.  The  blood  of  fasting  animals  (dogs)  contains  from  3  to  5  milligrams 
of  amino  nitrogen  per  100  c.c.  of  blood. 

2.  In  blood  removed  five  minutes  after  12  grammes  of  the  well-known 
amino  acid,  alanin  (amino  propionic  acid)  had  been  injected  intravenously  (the 
injection  occupying  13  minutes)  it  was  found  that  only  1.5  gms.  remained  in 
the  blood,  and  after  35  minutes,  only  0.5  gm. ;  1.5  gm.  of  the  injected  alanin  was 
excreted  by  the  urine  leaving  therefore  some  10  grammes,  which  must  have  dis- 
appeared somewhere  in  the  organism. 

3.  Absorption  of  10  gr.  alanin  from  the  small  intestine  increased  the  amino 
nitrogen  of  the  mesenteric  blood  from  3.7  to  6.3  mgms.  per  cent. 

4.  During  the  normal  digestion  of  meat  the  amino  content  of  the  blood 
undergoes  a  marked  increase — doubled  or  more — compared  with  its  value  before 
feeding. 

5.  This  increase  affects  the  blood  of  the  femoral  artery  almost  as  much 
as  that  of  the  mesenteric  vein.'^ 

6.  The  amino  bodies  which  disappear  from  the  blood  are  merely  absorbed 
by  the  tissues  without  undergoing  any  immediate  chemical  change 

7.  In  the  case  of  the  muscles  at  least,  there  is  a  fairly  definite  saturation 


'Van   Slyke   and   G.    M.    Meyer:      Journ.    Riol.    Chcni.,   xii,    p.    349.      (First    five    results.) 
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point  above  which  it  is  impossible  to  force  the  amino-acid  saturation.     This  is 
between  75  and  80  mgm.  per  cent. 

8.  The  capacity  of  the  intestinal  organs  is  more  elastic ;  thus,  the  amino 
nitrogen  of  the  liver  may  be  raised  to  125-150  mg.  per  cent. 

9.  Although  the  tissue  absorption  of  amino  acids  is  extremely  rapid,  it 
never  proceeds  to  such  a  point  that  the  blood  becomes  entirely  free  of  them. 
Thus  the  blood  contains  from  3  to  8  mgs.  of  amino  nitrogen  per  cent  even  after 
a  fast  of  several  days'  duration.  A  certain  equilibrium  must  therefore  exist  be- 
tween the  amino  content  of  blood  and  tissues,  the  concentration  in  the  tissues 
being  from  5  to  10  times  more  than  in  the  blood. ^ 

10.  In  one-half  hour,  and  again  in  several  hours,  after  the  slow  intravenous 
injection  (occupying  1  to  1^^  hours)  of  non-toxic  amounts  of  glycocoll  (amino 
acetic  acid)  or  of  mixtures  of  amino  bodies  obtained  by  the  hydrolysis  of  casein 
or  complete  artificial  digestion  of  meat,  portions  of  various  tissues  were  re- 
moved and  the  percentage  amounts  of  amino  nitrogen  determined.  It  was  shown 
that  absorbed  amino  acids  disappear  rapidly  within  2  or  3  hours  from  the  liver, 
but  that  meanwhile  none  has  disappeared  from  the  muscles.  The  other  organ.> 
seem  to  behave  more  like  the  muscles  than  the  liver. 

11.  The  disappearance  of  amino  bodies  from  the  liver  is  accompanied  by 
an  increase  in  the  urea  of  the  blood.'' 

12.  Free  amino  nitrogen  is  present  in  the  tissues  of  starving  animals  in  as 
great,  if  not  greater,  concentration  than  in  those  of  fed  animals. 

On  the  basis  of  the  evidence  furnished  by  these  and  previous  results— par- 
ticularly Folin's — we  may  sum  up  the  present-day  knowledge  regarding  the  es- 
sential Physiolog}-  of  Proteins  in  the  animal  body  as  follows : 

By  the  agency  of  the  digestive  juices  the  large  and  complex  protein  mole- 
cule is  disintegrated  into  its  constituent  amino  acids  (i.  e.,  building  stones),  a 
few  probably  remaining  attached  to  one  another  as  polypeptids.  Some  of  these 
amino  acids  are  further  destroyed  by  the  intestinal  bacteria,  but  the  great  major- 
ity are  absorbed  unchanged  into  the  blood  of  the  portal  system.,  which  carries 
them  past  the  liver  into  the  systemic  circulation  without  any  recognizable  diminu- 
tion in  concentration.  They  do  not  remain  for  long  in  the  blood,  however,  be- 
cause the  tissues  greedily  absorb  them,  or  if  the  blood  is  suddenly  loaded  with 
very  large  quantities,  some  may  be  excreted  as  such  into  the  urine.  This  ab- 
sorbing power  is  very  considerable  in  the  muscles,  but  it  is  still  more  marked  in 
the  liver,  although  even  this  organ  does  not  absorb  the  amino  acids  quickly 
enough  to  make  it  possible  to  detect  any  difference  between  the  percentage  of 
amino  nitrogen  in  portal  and  systemic  blood.  The  tissues  do  not  continue  to 
absorb  the  amino  acids  from  the  blood  until  this  is  free  of  them,  but  only  to 
a  certain  level  below  which,  even  by  prolonged  starvation,  it  is  impossible  to 
lower  the  amino  acid  content.  Xor  is  it  possible,  by  the  same  means,  to 
cause  the  tissues  to  lose  all  their  amino  acids,  thus  indicating  that  a  certain 
equilibrium  must  exist  between  the  amino  nitrogen  of  tissues  and  blood.  These 
facts  further  indicate  that  there  can  be  an  immediate  chemical  change  in  the  ab- 

sVan    Slyke   and    G.    M.    AFeyer :      lourn.    Biol.    Chem.,    xvi,    p.    197.      (6th  -to    9th    results.) 
•Van  Slyke  and   G.   M.   Meyer:     Journ.    Biol.   Chem.,   xvi,   p.   231. 
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sorbed  amino  acids,  and  they  explain  the  transfer  of  protein  "building  stones'' 
which  it  has  been  known  for  long  must  occur  from  organ  to  organ  during  star- 
vation and  from  maternal  organs  to  foetus. 

The  amino  acids  at  first  deposited  in  the  tissues  must  later  become  built 
into  tissue  protein,  but  since  proteins  vary  with  regard  to  the  exact  amino  acids 
(building  stones)  used  in  their  construction,  considerable  quantities  of  those 
substances  cannot  be  required. 

These  "rejected  building  stones"  are  again  taken  up  by  the  blood,  and  if 
not  required  by  some  other  variety  of  protein  in  the  organism,  are  probably  car- 
ried to  the  liver — or  to  other  organs  as  well  (Folin) — where  the  nitrogenous 
portion  of  them  is  converted  into  urea.  Since  amino  acids  are  present  in  the 
blood  even  during  prolonged  starvation,  a  constant  migration  of  amino  acids 
must  also  be  going  on  between  tissue  and  tissue;  these  amino  acids  must  be  pro- 
duced by  disintegration  processes  of  the  tissue  protein,  a  physiological  autolysis. 
Some  of  the  migrating  "useful"  building  stones  must  add  themselves  to  the  re- 
jected ones  and  become  converted  to  ammonia  and  urea  in  the  liver.  The  liver, 
by  constantly  metabolizing  the  amino  acids  which  it  obsorbs,  has  a  great  capacity 
for  removing  these  substances  from  the  blood.  This  supports  the  long-con- 
tended view  that  the  liver  is  especially  responsible  for  the  catabolism  of  those 
protein  digestion  products  not  utilized  for  tissue  construction.  There  is  ex- 
perimental evidence  to  show  that  when  the  above  agencies,  including  the  excre- 
tory power  of  the  kidneys,  for  preventing  undue  accumulation  of  protein  diges- 
tion products  are  overtaxed  (e.  g.,  as  in  disease  of  the  liver),  death  may  result. 
We  shall,  however,  reserve  for  a  future  article  a  further  consideration  of  these 
pathological  chemical  findings. 


FURTHER    STUDIES   ON  THE    TREATMENT  OF  SYPHILIS  OF  THE 
NERVOUS   SYSTEM   BY   INTRADURAL  INJECTIONS 

(OLD    SALVARSAN) 


By  Udo  J.   Wii.i:,   M.D.,   Ann   Arbor,   ^Fich. 


IN  a  previous  report^  I  detailed  a  method  of  treating  syphilis  of  the  cerebro- 
spinal axis  by  the  intradural  injections  of  neosalvarsan.  at   first  suggested 
by  Ravaut  and  subsequently  modified  by  me. 

My  results  on  some  fifteen  cases  thus  treated  were  reported  and  in  the  niani, 
although  there  were  some  discouraging  features,  they  led  me  to  the  firm  con- 
viction, expressed  in  that  article,  that  the  future  therapy  of  syphilis  of  the  cere- 
brospinal axis  lay  in  the  direct  treatment  of  the  nervous  system  itself.  i\Iy  con- 
viction then  was,  and  now  is  that  such  therapeutic  measures  would  embody  the 
use  of  salvarsan  or  an  elaborated  salvarsan  derivative,  which  could  be  used  in 
sufficiently  large  doses  without  injuring  the  nerve  tissue,  rather  than  the  em- 
ployment of  the  salvarsanized  serum,  as  employed  in  the  techni(iue  ot  Swilt 
and  Ellis. 

^Wile:  The  Technic  of  Intraspinal  Injection  of  Neosalvarsan  in  Syphilis  of  the  Nervous  Sys- 
tem.    Jour.   A.   M.   A.,  Apr.    11,    1914,   p.    1165;   ibid,  July   H.    1914,   pp.    136-141. 
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Following  my  first  communication  on  this  subject,  numerous  other  writers 
have  reported  their  results  with  neosalvarsan,  injected  directly  in  the  cerebro- 
spinal canal,  and  in  the  main  the  results  have  been  discouraging.  Such  unto- 
ward accidents  as  complete  paraplegia,  permanent  paralysis  of  the  bladder  and 
rectum  and  severe  neuralgic  pain,  were  found  to-  be  common  complications  of 
the  treatment. 

I  believe  that  such  complications,  which  w^ere  described  as  occurring  in 
three  of  my  fifteen  cases,  w^ere  not  so  much  due  to  the  toxic  nature  ot  the  drug 
itself,  as  to  the  relatively  large  dosage  employed. 

During  the  past  year  I  have  modified  my  technique  materially ;  first,  by 
greatly  diminishing  the  dosage  of  the  injected  material,  and,  secondly,  by  sub- 
stituting for  neosalvarsan,  old  salvarsan.  I  have  now  employed  this  method  in 
fifteen  cases  of  cerebrospinal  syphilis  of  various  types  and  have  noted  very 
striking  improvement  in  the  majority  of  these  cases  and  absolutely  no  untoward 
results  in  any.  The  technique  employed,  a  simplification  of  tliat  described  by 
Ogilvie,  is  as  follows : 

The  patient  is  punctured  in  the  usual  Quincke  position,  lying  on  his  left 
side.  After  the  canal  has  been  successfully  entered  the  barrel  of  a  40  c.c.  Luer 
Syringe  is  attached  to  the  needle  by  means  of  rubber  tubing  about  eight  inches 
long.  The  cylinder  barrel  is  then  lowered  below  the  level  of  the  point  of  punc- 
ture and  the  fluid  is  collected  until  about  10  c.c.  have  flowed  back.  The  salvar- 
san is  a  freshly  prepared  solution  of  one  decigram  to  30  c.c.  of  water.  Of  this 
solution  an  amount  corresponding  to  one-third  of  a  milligram  (approximately 
two  minims)  is  now  carefully  dropped  into  the  fluid  by  means  of  a  specially 
graduated  syringe,  the  assistant  in  the  meantime  holding  the  barrel  containing 
the  fluid.  The  two  drops  are  carefully  stirred  into  the  cerebrospinal  fluid  by 
means  of  a  sterile  glass  rod.  The  syringe  barrel  is  then  raised  above  the  level 
of  the  puncture  and  the  salvarsanized  cerebrospinal  fluid  is  allowed  to  run  back 
into  the  canal  by  gravity. 

The  patient  is  then  placed  on  his  back  and  the  bed  elevated  from  six  to 
twelve  hours  and  the  patient  kept  in  bed  for  forty-eight  hours,  after  which  he 
is  permitted  to  get  up.  Strict  surgical  technique  is  observed  throughout  the  pro- 
cedure. 

In  the  cases  thus  treated  and  only  in  those  having  tabes,  a  slight  amount 
of  darting  pain  was  noted  for  a  few  hours  subsequent  to  the  injection.  This 
invariably  disappeared  within  twenty-four  hours  and  w-as  the  only  untoward 
symptom  noted.  Among  the  fifteen  cases  treated  were  two  of  very  desperate 
nature,  one  of  meningo-myelo  encephalitis  (see  Case  3),  and  another  of  hemi- 
plegia and  basal  meningitis  (see  Case  9),  in  both  of  which  active  general  treat- 
ment had  failed  to  bring  about  any  improvement  and  it  seemed  as  though  both 
cases  might  succumb.  As  criteria  of  improvement  were  noted  not  only  the 
subjective  symptoms  but  more  particularly  the  objective  findings. 

On  account  of  the  marked  tendency  of  paretic  patients  to  remit,  and  on 
account  of  the  tendency  of  such  patients  to  be  euphoric,  no  straight  cases  of 
paresis  w^ere  treated  in  this  fashion.  I  believe,  furthermore,  that  paretics  oflfer 
the  least  possible  chances  of  improvement.  Four  tabo-paretics,  however,  were 
treated  for  the  tabetic  manifestations.  They  represent  the  greatest  source  of 
error  on  the  part  of  the  observer  in  reporting  supposed  subjective  improvement. 
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A  brief  summar}'  of  the  cases  thus  treated  follows : 

Case  I.  Tabes  dorsalis,  age  31.  SyphiHs  contracted  twelve  years  previous- 
ly. Primary  optic  atrophy,  Arg}41-Robertson  pupil,  lost  Achilles  and  knee  jerks, 
external  rectus  palsy,  marked  sensory  disturbances  in  both  feet,  severe  tabetic 
pains,  difficulty  in  urination  and  defecation,  gastric  crises.  Examination  of  the 
cerebrospinal  fluid  showed  90  cells,  Nonne  Apelt++  +  ,  Albumen +++,  Wasser- 
mann  on  the  fluid +  +++,  AA'assermann  on  the  blood +  +++. 

April  13,  1915.  Intradural  injection  one-third  of  a  milligram  of  Old  Sal- 
varsan,  followed  the  next  day  by  shooting  pains  in  the  instep. 

April  28,  1915.  The  patient  returned  subjectively  improved,  no  more 
crises,  walks  better,  tabetic  pains  in  the  legs  still  present,  but  much  less  severe 
in  character.  Examination  of  the  cerebrospinal  fluid  showed  30  cells,  Nonne 
Apelt  positive  in  a  dilution  of  one  to  one  only;  W'assermann  on  the  cerebro- 
spinal fluid  still  positive.     Patient  passed  from  observation,  no  further  report. 

Case  2.  Tabes  dorsalis,  age  28.  Syphilis  contracted  seven  years  ago. 
Sluggish  pupils,  lost  tendon  reflexes,  marked  Romberg,  neuro-retinitis.  Exam- 
ination of  the  cerebrospinal  fluid  showed  17  cells,  Nonne  Apelt  and  Albumen 
positive.     Wassermann  on  the  cerebrospinal  fluid  is  positive. 

Jan.  18,  1915.  Intradural  injection  one-third  of  a  milligram  of  Old  Sal- 
varsan  followed  by  some  pain  in  the  legs  for  six  hours,  subsequently  felt  better. 

Feb.  24,  1915.  Patient  returned  and  walks  better,  says  he  feels  as  well  as 
he  ever  did,  has  no  pains,  neuro-retinitis  less  marked,  cerebrospinal  fluid  showed 
10  cells,  otherwise  the  same  as  before. 

Case  J.  Meningo-myelo  encephalitis,  age  43.  No  history  of  syphilis.  Se- 
vere headaches  for  the  past  year,  loss  of  memory,  failing  vision,  difficulty  in 
walking,  neuro-retinitis  with  hemorrhage,  three  to  four  diopters  of  choked  disc 
in  both  eyes.     Acusticus  examination  shows  loss  of  bone  conduction. 

March  26,  1915.  Examination  of  the  cerebrospinal  fluid  shows  240  cells, 
Nonne  Apelt +  +  -!-  +  ,  Albumen +  +++,  Wassermann  on  the  cerebrospinal  fluid 
++++,  Blood  Wassermann  plus-minus.  This  patient  received  three  intradural 
injections  at  weekly  inten^als  of  one-third  of  a  milligram  Old  Salvarsan. 

April  12,  1915.  Examination  of  the  cerebrospinal  fluid  shows  200  cells. 
Nonne  Apelt++,  Albumen  and  Wassermann  still  positive. 

June  19,  1915.  Examination  of  the  cerebrospinal  fluid  shows  70  cells. 
Nonne  Apelt  and  Albumen  markedly  diminished,  Wassermann  still  positive. 

Following  the  second  injection  almost  complete  clearing  up  of  the  choked 
disc,  which  was  followed  by  complete  recovery  of  the  visual  field,  marked  im- 
provement in  station.  The  headaches  disappeared  entirely  and  the  memory  is 
better.  Patient  was  able  to  return  to  his  work.  The  patient,  previous  to  his  in- 
jections, besides  suffering  from  severe  pain  in  iho  head,  had  a  staggering  gait 
and  a  markedly  blurred  vision. 

July  23,  1915.  Patient  returns  in  every  way  improved.  The  spinal  fluid 
examination  shows  30  cells,  but  with  the  other  findings  in  the  cerebrospinal  fluid 
unchanged.  At  the  present  writing  the  patient  is  actively  at  work.  He  writes 
that  his  eye-sight  is  as  good  as  ever  and  that  he  continues  to  improve  in  general 
condition  each  day.  The  striking  feature  of  this  case  is  marked  subjective  im- 
provement, parallel  with  striking  objective  improvement  in  the  neurological  find- 
ings as  w^ell  as  in  the  spinal  fluid. 
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Case  4.  Tabes  dorsalis,  age  37.  No  history  of  syphilis.  Argyll-Robert- 
son pupil,  marked  ataxia  of  the  feet  and  hands,  lost  knee  and  Achilles  jerks, 
marked  Romberg  and  marked  sensory  disturbances.  Ophthalmoscopic  examina- 
tion showed  a  periarteritis.  Examination  of  the  cerebrospinal  fluid  was  posi- 
tive throughout.  Patient  was  given  one  intradural  injection  of  Old  Salvarsan, 
one-third  of  a  milligram  on  June  7,  1915.  He  has  not  yet  reported  for  re-ex- 
amination, but  before  his  temporary  discharge  from  the  hospital  he  was  freer 
from  pain  than  he  had  been  for  some  time  previously,  otherwise  no  marked 
change.     He  has  not  been  heard  from  since. 

Case  5.  Meningo-myelo  encephalitis,  age  40.  History  of  syphilis  fifteen 
years  ago.  Anesthesia  and  analgesia  of  the  fingers  of  the  right  hand,  increased 
knee  and  Achilles  jerks,  unequal  pupils,  weakness  of  the  left  internal  rectus, 
severe  pain  in  the  legs  and  chest,  difficulty  in  walking.  Ophthalmoscopic  exam- 
ination ;  O.  D.  beginning  optic  atrophy  and  sclerosis  of  the  vessels.  Examina- 
tion of  the  cerebrospinal  fluid  showed  80  cells  and  otherwise  positive  through- 
out. Patient  received  three  injections  of  one-third  of  a  milligram  of  Old  Sal- 
varsan intradurally  at  weekly  intervals.  Examination  of  the  cerebrospinal  fluid 
subsequent  to  his  second  injection  showed  12  cells  and  markedly  decreased  other 
findings  in  the  fluid.  Following  his  third  injection  and  subsequent  observation 
of  this  patient  over  eight  months,  says  he  feels  much  better,  is  able  to  walk 
better;  the  ataxia  is,  however,  neither  better  nor  worse. 

Case  6.  Tabo-paresis,  age  43.  Syphilis  twenty  years  previously.  Pain 
in  the  stomach,  dizziness,  failure  of  memory,  paralysis  of  the  right  leg  seven 
years  previously.  Ophthalmoscopic  examination :  Old  iritis  and  arterioscler- 
osis. Alarked  speech  defect  and  Argyll-Robertson  pupil  and  marked  Romberg. 
Examination  of  the  cerebrospinal  fluid  showed  45  cells  Nonne  Apelt  +-i— 1-+, 
Wassermann  on  the  cerebrospinal  fluid  is-r-^  +  +.  This  patient  received  two 
doses  of  Old  Salvarsan  of  one-third  of  a  milligram  intradurally  at  weekly  in- 
tervals. Following  his  second  injection  the  cerebrospinal  fluid  showed  25  cells 
and  markedly  decreased  findings  in  the  organic  solids.  The  Wassermann  is 
still  -I-I-++  positive. 

Case  7.  Tabo-paresis,  age  46.  Syphilis  thirteen  years  ago.  Lost  knee  and 
Achilles  jerks,  marked  incoordination.  Romberg  is  positive,  slight  incontinence, 
marked  speech  defect,  dizziness  and  failure  of  memory.  Paralysis  in  one  leg 
seven  years  ago.  Ophthalmoscopic  examination :  Old  iritis  and  arteriosclerosis. 
Examination  of  the  cerebrospinal  fluid  showed  20  cells,  Album.en  slightly  in- 
creased, Nonne  Apelt  and  \\'assermann  positive.  Patient  received  two  intra- 
dural injections  of  one-third  of  a  milligram  of  Old  Salvarsan  at  weekly  inter- 
vals. He  is  still  under  our  care  and  is  to  receive  further  treatment,  says  he 
feels  much  improved,  his  memory  seems  better,  walks  better  and  has  no  head- 
aches, tires  less  easily  and  has  now  no  incontinence. 

Case  8.  Tabo-paresis,  age  52.  Syphilis  denied.  Lost  knee  and  Achilles 
jerk  on  the  left  side,  nystagmus,  diminished  knee  jerk  on  the  right  side,  in- 
continence, memory  and  speech  defect,  staggers  in  the  dark,  pupils  are  unequal. 
Ophthalmoscopic  examination  shows  edema  of  the  nerve  head.  Examination  of 
the  cerebrospinal  fluid  shows  15  cells,  Nonne  Apelt  and  Albumen  slightly  in- 
creased.    Wassermann  on  the  cerebrospinal  fluid  and  blood  both  ++++  positive. 

December  7,  1914.     Patient  received  one-third  of  a  milligram  of  Old  Sal- 
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varsan  intradurally.  Several  weeks  following  his  injection  the  patient  reports 
that  he  feels  much  better,  has  less  trouble  in  holding  and  starting  the  flow  of 
urine,  otherwise  no  marked  changes. 

Case  p.  Cerebral  arteritis,  hemorrhage  and  basal  meningitis,  age  20. 
Syphilis  six  months  ago.  Patient  was  brought  to  the  hospital  unconscious, 
markedly  cyanosed,  involuntar\'  movements  of  the  whole  right  side.  Hemi- 
plegic,  irrational  and  at  times  stuporous.  Ophthalmoscopic  examination :  marked 
neuroretinitis  and  edema  of  the  nerve  head.  Examination  of  the  cerebrospinal 
fluid  previous  to  treatment  showed  600  cells  and  four  plus  throughout.  Patient 
received  three  injections  of  one-third  of  a  milligram  of  Old  vSalvarsan  intra- 
durally. Following  the  first  injection,  marked  cessation  of  the  involuntarj^ 
spastic  contractions,  the  cyanosis  improved  and  the  mental  condition  began  to 
clear  up.  Following  the  second  injection  the  patient  began  to  clear  up  rapidly 
and  at  the  present  time  is  in  complete  possession  of  his  senses,  but  has  a  hemi- 
plegic  residue.  Eye  grounds  now  normal.  The  spinal  fluid  in  the  second  ex- 
amination showed  marked  xanthochromia,  cells  reduced  to  200  and  a  corres- 
ponding decrease  in  the  other  findings.  The  examination  of  the  last  cerebro- 
spinal fluid  showed  27  cells  and  the  organic  solids  almost  normal.  The  Wasser- 
mann,  however,  in  the  fluid  is  still  positive. 

Case  10.  Tabes  dorsalis,  age  40.  Syphilis  eight  years  ago.  Marked  ataxia, 
lost  knee  and  Achilles  jerks,  severe  gastric  crises,  leading  to  extreme  emacia- 
tion. Examination  of  the  spinal  fluid  showed  78  cells  and  positive  other  find- 
ings throughout.     Intravenous  injection  of  salvarsan  failed  to  control  the  crises. 

February  4,  1915.  Intradural  injection  one-third  of  a  milligram  of  Old 
Salvarsan.     Cessation  of  vomiting  and  nausea  within  six  hours. 

Patient  writes  back  that  he  has  gained  20  pounds  in  weight,  has  no  light- 
ning pains  and  is   markedly  improved  in  every  way. 

October  13,  1915.  Patient  returns.  Wassermann  on  blood  negative.  Cere- 
brospinal fluid  shows  six  cells  entirely  negative  throughout.  Patient  has  re- 
mained well  and  has  had  no  crises  and  no  pains. 

Case  II.  Cerebrospinal  syphilis,  gumma  of  the  brain,  age  20.  Syphilis 
three  months  previously,  malignant  type  followed  by  rupial  eruption,  general 
weakness  in  the  legs  and  marked  neuro-retinitis,  marked  increase  in  the  tendon 
reflexes  on  the  left  side.  Has  had  severe  headaches  and  fits  in  which  he  falls  to 
the  street  unconscious.  Examination  of  the  cerebrospinal  fluid  showed  40  cells 
and  markedly  positive  other  findings  throughout.  Blood  Wassermann  is  also 
positive.  Patient  received  one-third  of  a  milligram  of  Old  Salvarsan  in  the 
cerebrospinal  canal  on  December  21,  1914.  Two  weeks  later  marked  subjective 
improvement,  neurological  examination,  however,  unchanged.  Examination  of 
the  cerebrospinal  fluid  showed  12  cells  and  correspondingly  diminislu'd  other 
findings  throughout. 

Case  12.  Tabes  dorsalis,  age  31  (Female).  Syphilis  eight  years  ago, 
Argyll-Robertson  pupil,  lost  knee  and  Achilles  jerks,  incontinence  of  urine, 
shooting  pains  in  the  legs.  Examination  of  the  cerebrospinal  Huid  showed  160 
cells  and  positive  findings  throughout.     Blood  ^^'asscrmann  also  positive. 

June  28,  1915.  Intradural  injection  one-third  of  a  milligram  of  Old  Sal- 
varsan. Patient  was  discharged  from  the  hospital  two  days  later  considerably 
improved   in  gait,  but  still  some  pain. 
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July  16,  1915.  Patient  returns  much  improved  in  health,  she  has  some  less 
pain.  The  spinal  fluid  shows  126  cells,  Albumen  +,  Globulin  +,  Wassermann 
on  the  cerebrospinal  fluid  is  plus-minus. 

August  11,  1915.  Patient  returns  markedly  improved.  She  now  no  longer 
has  any  pains  in  the  legs,  the  incontinence  has  been  practically  recovered  and 
there  has  been  a  decided  gain  in  weight.  Examination  of  the  spinal  fluid  shows 
20  cells,  Albumen  negative,  Globulin  plus-minus,  Wassermann  still  positive. 

Case  IS-  Tabes  dorsalis,  (Female),  age  31.  Infection  13  years  ago.  Shoot- 
ing pains  in  the  leg,  sluggish  pupils,  lost  knee  and  Achilles  jerk,  slight  Romberg, 
marked  neuro-retinitis.  Examination  of  the  cerebrospinal  fluid  showed  23  cells, 
Nonne  Apelt  and  Albumen  show  only  a  slight  increase  over  normal.  Wasser- 
mann on  the  spinal  fluid  positive. 

July  1,  1915.  Intradural  injection  of  one-third  of  a  milligram  of  Old  Sal- 
varsan  was  followed  by  no  untoward  symptoms. 

July  12,  1915.  Patient  returned  for  further  treatment  and  shows  slight 
improvement.  Intradural  injection  of  one-third  of  a  milligram  of  Old  Salvar- 
san. 

August  3,  1915.  Intradural  injection  of  one-third  of  a  milligram  of  Old 
Salvarsan.  Examination  of  the  cerebrospinal  fluid  shows  four  cells.  Albumen 
negative,  Globulin  negative.  A\^assermann  on  the  spinal  fluid  ++  .  Following 
this  injection  the  patient  remained  entirely  free  from  all  symptoms  and  she  has 
gained  decidedly  in  weight.  The  interesting  feature  in  this  case  is  the  prac- 
tical resumption  to  normal  of  the  spinal  fluid,  paralleling  the  subjective  improve- 
ment. 

Case  14.  Tabo-paresis,  age  52.  Denies  syphilis.  Pains  in  the  legs  of  fif- 
teen years'  duration,  shooting  pains  of  the  body,  lost  Achilles  jerks,  Argyll- 
Robertson  pupil,  marked  ataxia,  nervous  irritability  and  emotional  spells,  neuro- 
retinitis.  Examination  of  the  cerebrospinal  fluid  showed  40  cells,  markedly 
positive  otherwise  throughout.  Patient  received  one  intradural  injection  of  one- 
third  of  a  milligram  of  Old  Salvarsan  on  August  16,  1915.  This  was  followed 
a  week  later  by  a  second  puncture,  showing  eight  cells,  Nonne  Apelt  and  Al- 
bumen both  doubtful.  Subjectively  as  well  as  objectively  this  patient  was 
markedly  improved.  At  the  present  w^riting  the  patient  is  subjectively  much 
improved.  He  now  has  very  little  trouble  in  urination  and  is  practically  free 
from  pain. 

Improvement  in  this  case  should  perhaps  be  discounted  by  the  fact  that 
the  patient  has  paresis  as  well  as  tabes. 

Case  75.  Tabes  dorsalis,  age  39.  Syphilis  eighteen  years  ago.  Marked 
ataxia,  Argyll-Robertson  pupil,  impotence,  marked  tabetic  pains,  lost  knee  and 
Achilles  jerks,  marked  hypotonia,  unable  to  stand  without  assistance  of  two 
canes. 

December  16,  1914.  Patient  received  an  intradural  injection  of  one-third 
of  a  milligram  of  Old  Salvarsan,  followed  by  slight  neuralgic  pains.  He  re- 
turned to  his  professional  duties  and  subsequently  wrote  there  has  been  marked 
improvement  in  health,  gets  along  with  one  cane,  and  there  is  complete  cessa- 
tion of  lightning  pains.  Six  months  later  the  patient  returned  in  person,  walked 
over  one  mile  to  the  office,  still  ataxic  although  markedly  less  so  than  before. 
Examination  of  the   cerebrospinal   fluid   at   first   examination   showed   60   cells. 
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markedly  positive  throughout.  Six  months  later  examination  of  the  cerebro- 
spinal fluid  showed  12  cells  and  markedly  diminished  other  findings  through- 
out. Wassermann  on  the  blood  and  spinal  fluid,  however,  is  still  positive. 
Patient  received  two  injections  with  no  untoward  symptoms.  Patient 
writes  he  continues  to  improve  and  is  now  potent. 

CoNCIvUSIONS 

1.  Of  the  fifteen  cases  treated  by  this  method  none  have  suffered  any  ill 
consequences.  In  all  but  two  cases  very  definite  objective  improvement  could 
be  noted  in  the  spinal  fluid. 

2.  With  full  allowance  for  the  possible  suggestive  element  there  was  never- 
theless a  very  marked  subjective  improvement  in  the  majority  of  the  cases.  Such 
improvement  was  not  seen  to  be  transitory  but  appears  to  be  permanent. 

3.  Three  cases  have  disappeared  from  observation,  but  none  of  the  re- 
maining twelve  have  relapsed  with  regard  to  symptoms.  Four  cases  have  been 
restored  to  usefulness  and  are  making  a  livelihood,  which  before  their  treatment 
they  were  unable  to  do. 

4.  The  cases  showing  the  most  marked  improvement  were  those  of  early 
brain  or  cord  syphilis,  but  encouraging  results  were  also  noted  in  cases  of  tabes 
dorsalis.  No  case  received  over  three  injections,  but  it  seemed  to  the  writer 
that  further  treatment  in  cases  in  which  improvement  had  occurred  would  be 
indicated. 

5.  It  would  appear  that  if  carried  out  carefully,  the  technique  of  this  pro- 
cedure is  without  danger  to  the  patient.  The  method  described  above  seems 
to  possess  decided  advantages  over  that  previously  described  by  the  writer. 

6.  The  encouraging  results  detailed  above  are  qualified  only  by  a  very 
short  period  of  time  that  the  patients  have  been  under  observation.  In  no  case 
has  more  than  a  year  elapsed  and  it  was  not  without  or  beyond  a  possibility  that 
relapses  may  take  place.  The  writer  is  inclined  to  believe,  however,  that  the 
acute  cases  at  least  have  been  permanently  benefited. 

The  writer  begs  to  acknowledge  with  thanks  the  cordial  co-operation  of  his 
colleagues,  Professors  Canfield,  Parker  and  Camp,  in  checking  up  the  auditory, 
ophthalmological  and  neurological  findings. 


THE  PHARMACOLOGY  OF  BRONCHIAL  ASTHMA* 

E^'  D.   E.  Jackson,   Ph.D.,   St.  Louis,   Mo. 


NOT  only  from  the  obscurity  of  its  etiolog}%  but  also  in  the  number  and  char- 
acter of  the  remedies  which  have  been  used  in  its  treatment,  does  spasmodic 
bronchial  asthma  present  one  of  the  most  interesting  chapters  in  modern  medi- 
cine. Of  the  various  theories  which  have  been  advanced  regarding  its  cause, 
perhaps  that  which  attributes  its  origin  to  a  spasmodic  contraction  of  the  muscles 
of  the  bronchioles  is  now  the  most  generally  accepted.  Its  relation  to  other 
pathological  conditions,  such  as  hay-fever,  spasm  of  the  respiratory  muscles, 
swelling  of  the  bronchial  mucosa,  etc.,  we  may  pass  over  for  the  present,  since 
the  disease  in  its  simplest  form  presents  all  the  features  which  it  is  the  object 
of  this  article  to  discuss. 

Among  the  remedies  which  have  been  more  or  less  extensively  advocated 
for  this  condition  may  be  mentioned  morphine,  chloral,  cigarettes  made  from 
leaves  of  stramonium,  belladonna  or  hyoscyamus,  grindelia,  cannabis  indica,  ni- 
trites or  nitrates,  lobelia,  tobacco,  pyridine,  scopolamine,  atropine,  hyoscyamine. 
chloralamide,  inhalation  of  chloroform,  diphtheria  antitoxin,  arsenic  (arsenious 
acid.  Fowler's  solution,  sodium,  cacodylate,  atoxyl,  etc.),  ammonia  fumes,  eumy- 
drin,  caffeine,  diuretin,  hot  mustard  foot  baths,  steam  baths,  epinephrine,  potas- 
sium iodide,  various  forms  of  hydrotherapy,  electric  light  baths.  Roentgen  rays, 
compressed  air,  special  breathing  exercises,  the  selection  of  a  climate  suitable 
to  each  individual  case.  etc.  Some  writers  claim  to  have  seen  good  results  fol- 
low the  administration  of  pilocarpine. 

It  is  impossible  to  state  the  manner  in  which  many  of  these  bodies  might 
act  to  relieve  the  patient.  With  reference  to  a  num.ber  of  them,  however,  the 
action  can  easily  be  shown  by  pharmacological  methods  to  be  such  as  might 
readily  benefit  the  patient.  Similarly  another  possible  featvtre  of  the  disease 
which  appears  to  have  received  practically  no  recognition  in  clinical  literature 
may  also  be  readily  demonstrated  pharmacologically.  It  would  seem  that  most 
drugs  which  offer  immediate  help  to  the  patient  do  one  of  two  things.  First, 
they  may  paralyze  or  depress  the  endings  of  the  broncho-constrictor  nerves  in 
the  muscle  fibres  of  the  bronchioles.  This  may  cause  the  bronchioles  to  relax. 
The  typical  remedies  of  this  group  are  atropine,  scopolamine  (hyoscine),  hy- 
oscyamine, eumydrin,  etc.  Experimentally,  the  intravenous  injection  of  one  of 
these  drugs  may  produce  immediate  and  profound  dilatation  of  the  bronchioles 
which  have  been  previously  greatly  contracted  by  the  administration  of  certain 
other  drugs   (Fig.  1). 

Nicotine  and  lobeline  have  been  believed  to  cause  broncho-dilatation  by  de- 
pression or  paralysis  (after  a  slight  primary  stimulation)  of  the  ganglia  lying 
in  the  course  of  the  broncho-constrictor  nerves.  Experimentally,  it  can  be 
shown  that  this  action  is  so  slight  that  it  could  not  be  expected  to  be  of  much 
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use  clinically.  Second,  drugs  may  relieve  a  bronchial  spasm  by  a  direct  stimu- 
lation of  the  endings  of  the  broncho-dilator  nerves  in  the  muscle  fibres  of  the 
bronchioles.  The  typical  drug  producing  this  action  is  epinephrine.  Others 
which  have  not  been  introduced  into  clinical  medicine,  but  which  act  like  epine- 
phrine are  -tetrahydronaphthylamine,  trimethylamine  hydrochloride,  etc.  The 
proprietary  preparation  "epinine"  also  has  a   similar  action. 

It  is  conceivable  that  some  drug,  such  as  amyl  nitrite  for  example,  might 
act  directly  on  the  bronchial  muscle  fibres  and  so  depress  them  that  a  relaxation 
might  occur  in  a  manner  analogous  to  the  dilatation  of  the  arterioles  by  the  ni- 
trites. But  only  slight  emphasis  has  so  far  been  laid  on  this  possibility  in  prac- 
tical therapeutics. 

As  intimated  above,  it  can  readily  be  shown  experimentally  that  at  least 
two  separate  and  distinct  forms  of  spasmodic  bronchial  asthma  may  exist. 
Whether  or  not  these  two  forms  do  actually  occur  clinically  does  not  appear  to 
have  received  any  attention  by  clinicians,  but  the  experimental  evidence  when 
considered  together  with  the  unsatisfactory  and  variable  results  of  treatment  in 
various  individual  cases,  wotild  seem  to  make  it  extremely  probable  that  at  least 
two  forms  of  the  disease  may  exist  separately,  or  that  in  some  cases  both  forms 
may  be  present  at  the  same  time.  Of  these  two  forms  one  may  be  due  to  ner- 
vous influences,  either  central  or  peripheral  and  including  reflexes.  In  this  form, 
nervous  impulses  arising  either  from  direct  central  influences  or  else  reflexly 
excited  by  some  form  of  peripheral  excitation,  such  as  diseases  of  the  olfactory 
sinuses,  etc.,  pass  down  the  broncho-constrictor  nerves  and  finally  thus  indirectly 
stimulate  the  muscle  fibres  to  contraction.  Or,  chemical  substances  (e.  g.,  in- 
jected drugs)  circulating  in  the  blood  may  stimulate  these  nerve  endings  (either 
directly  or  else  indirectly  by  stimulation  of  the  ganglia  on  the  course  of  the 
constrictor  fibres).  Regarding  the  nature  of  any  such  chemical  substances, 
which  might  be  produced  in  the  body  and  possess  the  power  of  stimulating  the 
broncho-constrictor  nerve  endings,  thereby  producing  bronchial  spasm,  we  at 
present  know  nothing.  Fig.  1  shows  the  production  of  this  nervous  form  of  bron- 
cho-constriction as  the  result  of  the  intravenous  injection  of  arecoline.  Atropine 
completel}'  removes  this  form  by  paralysis  of  the  broncho-constrictor  nerve  end- 
ings. Neither  arecoline  nor  any  other  drug  producing  the  nervoii';  form  of  con- 
striction can  have  any  further  action  on  the  bronchioles  after  a  sufficient  dose 
of  atropine  (see  Fig.  2). 

The  other  form  of  bronchial  spasm  is  due  to  a  direct  stimulation  of  the 
muscle  fibres  of  the  bronchioles.  It  may  readily  be  produced  after  enormous 
quantities  of  atropine  or  scopolamine.  Consequently,  if  an  asthmatic  slioul<'  be 
afifected  with  this  form  of  spasm,  atropine  might  be  of  no  benefit  whatever  so 
far  as  the  bronchial  spasm  is  concerned.  Fig.  2  shows  the  action  of  dionine 
in  causing  a  direct  muscular  broncho-constriction.  Atropine  injected  during 
the  contraction  causes  no  dilatation.  Injection  of  adrenaline,  however,  over- 
comes the  constriction  because  adrenaline  stimulates  the  broncho-dilator  nerve 
endings  (and  the  atropine  has  not  afifected  these).  .V  later  injection  of  the  same 
sized  dose  of  arecoline  as  that  which  produced  profound  contraction  in  lM"g.  1 
now  causes  no  contraction  of  tb.c  bronchioles  whatever.     This  shows  that  after 
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FIG.  1. 

Figures  one  and  two  were  both  made  in  succession  from  the  same  dog.  Under  deep 
ether  anaesthesia  the  animal's  brain  was  destroyed  by  means  of  a  probe  passed  through  a 
trephine  opening.  The  chest  was  then  opened  and  a  piece  of  apparatus*  was  inseried  which 
held  the  chest  walls  rigid  and  in  an  expanded  position.  The  chest  was  then  closed  air- 
tight and  air  was  intermittently  aspirated  out  of  the  chest  at  about  the  rate  of  twenty- 
five  times  per  minute.  As  the  chest  cavity  was  thus  aspirated,  air  rushed  into  the  lungs 
through  the  trachea  thus  producing  inspiration.  During  the  intervals  between  aspiration, 
air  vras  allowed  to  enter  the  chest  cavity  through  a  tube  in  the  apparatus.  This  enter- 
ing air  allowed  the  lungs  to  collapse  of  their  own  elasticity  thus  producing  expiration. 

^  From  the  side  tube  of  the  tracheal  cannula  rubber  tubing  led  to  a  recording  tambour 
which  wrote  on  the  revolving  surface  of  a  smoked  drum.  In  this  manner  the  upper  trac- 
ing in  each  figure  was  made.  The  extent  of  the  up  and  down  strokes  represents  the 
amount  of  air  passing  out  of  or  into  the  lungs  respectively.  The  amount  of  this  depends, 
under  constant  and  regular  force  of  aspiration,  on  the  extent  of  contraction  or  dilatation 
of  the  bronchioles. 

The  lower  tracing  is  the  blood  pressure  recorded  by  a  mercury  manometer.  In  Fig. 
1  one-half  milligram  of  arecoline  injected  into  the  femoral  vein  caused  marked  broncho- 
constriction  by  stimulating  the  endings  of  the  broncho-constrictor  nerves  in  the  bronchial 
muscles  (at  A).  This  also  stopped  the  heart  by  stimulating  the  vagus  endings  in  the 
organ  (E).  One  milligram  of  atropine  (D)  was  then  injected  and  soon  paralyzed  the 
endings  of  the  broncho-constrictor  nerves  in  ihe  lungs  and  vagus  endings  in  the  heart. 
Thus  the  bronchioles  were  again  able  to  dilate  (beginning  at  B)  and  the  heart  again  took 
on  a  rapid  rhythm  (at  C). 

•Jackson,    D.    E).  :      Journal    of    Pharmacology    and    Experimental    Therapeutics,    1914,    v,    479. 
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FIG.  2. 

Directly  after  the  broncho-constrictor  nerve  endings  had  been  paralyzed    (m^^^^ 
5  cubic  centimetres    (25  milligrams)    of  dionme  were  mjecte.l.     T-.  at  once  P  ^^"^ea  ^ 
profound  contraction  of  the  bronchioles  by  a  direct  ^t>mulahon  o     the      -"^^^  fi^^'^^^.^^^J^! 

innervation  of  these   structures  had  nothmg  ^^■1\=^J7^'- ^^°  ^^;.  ^^J^^Je^oline 
tion  which  is  practically  of  the  same  order  as  that  produced  ^  ,  ?recc^^  ne^ 

Immediately   following   the   dionine   there  ^^^^"J^f^^.  ..^^^^V'"      a^^^  in  Fi^ 

of  atropine.     This  is  the  same  sized  ^°- ^f^/^f  J^^^  j^^  f  ^^^^  at  all 

1  caused  dilatation  after  arecohne.     The  atropme  m  ^^?- .^'  ""'V^'     ^    ^.    ,/      y        „ti- 
on  the  broncho-constriction.     Following  J^^J  7[,;;^^Cr£    n      tion  of  ;drc^hne    (at 

SiSir  n^^^^s;?:.  th^wnc^io^.  ^^:f^:j:: ^::^i^:r:^ ^^^ 

pine  would  be  a  useless  remedy.     Later  ^^"--l^er  inject  on  o  ^^^^^^^^  ^^^  ^^^^^  ^^ 

!;roi^^tirUn;?^inrt::?^%;n/Su^^ng   t^raft.   atropine   paralysis   a   nervous 
form  of  bronchial  spasm  is  no  longer  possible. 
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a  sufficient  dose  of  atropine  a  nervous  form  of  bronchial  spasm  is  impossible, 
but  the  direct  muscular  form  may  readily  occur.  A  considcrablt  number  of 
drugs  are  capable  of  producing  this  direct  muscular  spasm  independently  of  the 
innervation.  Among  these  may  be  mentioned  most  of  the  opium  alkaloids^  (in 
large  doses)  such  as  morphine,  codeine,  peronine,  heroine,  narcotine,  etc.,  /3- 
iminazolylethylamine,  several  metallic  salts,  etc.  In  many  cases  the  direct  mus- 
cular spasm  produced  by  one  of  these  bodies  is  just  as  abrupt  and  profound  as 
that  which  could  be  caused  by  any  substance  acting  on  the  nervous  structures 
to  cause  contraction.  But  the  spasm  produced  by  muscularly  acting  substances 
is  usually  much  more  lasting  in  its  nature  and  is  as  a  rule  more  difficult  to  re- 
lieve by  drugs  with  opposing  action  such  as  epinephrine  which  simjily  stimu- 
lates the  broncho-dilator  nerve  endings. 

It  has  been  shown  that  guinea-pigs  dying  from  anaphylactic  shock  are  af- 
fected by  profound  broncho-constriction.  Atropine  has  been  found  by  Auer- 
to  be  of  benefit  in  these  cases,  but  is  probably  not  quite  so  efficient  as  a  full  dose 
of  adrenaline.  It  has  been  suggested  that  the  substance  produced  in  anaphy- 
lactic shock,  and  which  in  the  guinea-pig  causes  broncho-constriction,  may  be 
yS -iminazolylethylamine  (histamine)  or  some  nearly  related  compound.  And  it 
has  been  shown  by  Mellanby  and  Twort^  that  certain  bacteria  which  they  were 
able  to  isolate  from  the  alimentary  canal,  possessed  the  power  of  converting 
histidin  into  histamine  (i8-iminazolylethylamine).  Experimentally,  it  has  beeii 
shown  that  /3-iminazolylethylamine  acts  directly  on  the  bronchial  muscle  fibres 
(in  dogs  and  cats),  and  that  it  is  rather  difficult  for  epinephrine  to  produce 
broncho-dilatation  after  large  doses  of  the  drug.  Thus  it  would  appear  to  be 
possible  that  ^-iminazolylethylamine  may  be  a  source  of  broncho-constriction  in 
man. 

\\'ith  reference  to  the  use  of  pilocarpine,  it  is  to  be  remembered  that  the 
intravenous  injection  of  small  doses  in  animals  causes  great  broncho-constriction 
by  stimulation  of  the  peripheral  nerve  endings.  On  this  basis  it  is  difficult  to 
understand  how  it  could  possibly  act  to  relieve  an  attack  of  asthma,  but  Dale* 
has  recently  shown  that  pilocarpine  when  injected  into  animals  may  stimulate 
the  adrenal  glands  to  an  increased  secretion.  Possibly  this  may  be  the  explana- 
tion of  any  (paradoxical)  broncho-dilatation  caused  by  pilocarpine.  Cannon"* 
has  also  shown  that  nicotine  may  have  a  somewhat  similar  action  on  the  ad- 
renal glands  by  stimulation  of  the  ganglia  on  the  course  of  the  sympathetic 
nerves  supplying  the  adrenal  glands.  And  Edmunds'''  has  shown  that  in  other 
respects  lobeline  acts  like  nicotine.  This  offers  a  possible  explanation  for  a 
slight  relief  from  an  asthmatic  attack  by  means  of  lobelia. 

In  conclusion  let  us  ask :  Do  there  exist  two  separate  and  distinct  forms 
of  spasmodic  bronchial  asthma,  the  one  of  nervous,  the  other  of  muscular  origin, 
and  if  so  is  it  possible  to  differentiate  between  these  clinically? 
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LABORATORY  METHODS 


TO  Obtain  Leucocytes. — Two  general  methods  are  employed  in  obtaining  a 
large  number  of  leucocytes  for  experimental  purposes.  One  consists  in 
throwing  down  the  leucocytes  from  blood,  kept  fluid  by  citrate,  in  a  centrifuge. 
This  requires  much  blood  and  is  a  slow  process.  The  other  consists  in  inject- 
ing some  foreign  protein,  such  as  peptone  or  boviillon  or  aleuronate  in  a  body 
cavity.  Dold  (Zentralblt  f.  Bakteriologie,  yd,  548,  1915)  has  shown  that  dis- 
tilled w^ater  is  quite  as  good.  From  three  to  six  c.c.  of  sterile  distilled  water  is 
injected  into  the  pleural  cavity  of  a  rabbit.  Twenty-four  hours  later  the  animal 
is  bled  to  death,  when  the  sterile  exudate  in  the  cavity  will  be  found  to  contain 
as  many  as  140,000  leucocytes  per  cubic  millimetre.  Smaller  amounts  may  be 
secured  by  injections  of  from  0.5  to  2  c.c.  into  the  knee  joints.  The  distilled 
water  disrupts  the  cells  with  which  it  comes  in  contact  and  then  serves  as  a 
foreign  protein.  The  leucocytes  thus  obtained,  under  aseptic  precautions,  are 
sterile  and  may  be  used  for  phagocytic  tests  and  demonstrations. 

—V.  C.   V. 

FOLIN'S  Test  for  Sugar  in  Normal  Urine. — Folin  (Jour.  Biolog.  Chem., 
xxii,  327,  1915)  proposes  the  following  demonstration  of  the  presence  of 
traces  of  sugar  in  normal  urine.  Two  solutions  are  made :  (A)  Five  grams 
of  crystallized  copper  sulphate  are  dissolved  in  100  c.c.  of  hot  water  and  to 
the  cooled  solution  are  added  60-70  c.c.  of  pure  glycerine.  (B)  One  hundred 
and  twenty-five  grams  of  anhydrous  potassium  carbonate  are  dissolved  in  400 
c.c.  of  water. 

To  10  c.c.  of  the  urine  add  two  grams  each  of  picric  acid  and  good  quality 
bone-black  (Kahlbaum's  or  Merck's  blood  charcoal),  shake  for  five  minutes  and 
filter.  The  purpose  of  this  procedure  is  to  remove  from  the  urine  the  creati- 
nine which  has  some  reducing  power.  The  picrate  of  creatinine  is  formed  and 
is  held  by  the  bone-black.  In  the  absence  of  bone-black,  picric  acid  alone  may 
be  added  to  the  urine  and  the  mixture  allowed  to  stand  over  niglit.  The  picrate 
of  creatinine  will  be  deposited  by  this  time  and  is  removed  by  filtration. 

One  part  of  A  and  two  parts  of  B  are  mixed  in  a  test  tube  and  to  10  c.c. 
of  this  mixture  two  c.c.  of  the  creatinine-free  urine  are  added.  Two  small  peb- 
bles are  dropped  into  the  tube  to  prevent  bumping  and  contents  are  heated  for 
one  and  one-half  minutes  with  constant  shaking. 

"If  the  sugar  present  is  considerable  (above  the  normal  variations)  a  typi- 
cal reduction  is  obtained.  If  the  trace  of  sugar  is  smaller,  but  still  rather  large, 
the  whole  solution  will  l)ecome  turbid  as  in  Benedict's  test.  If  no  such  turbidity 
is  produced  and  the  boiling  mixture  remains  clear,  transfer  at  once  (while  still 
very  hot)  to  a  centrifuge  tube  and  centrifuge  for  one  to  two  minutes.  Typical 
red  cuprous  oxide  such  as  is  obtained  with  pure  sugar  solutions  will  be  found 
in  the  bottom  of  the  centrifuge  below  the  green  crystalline  potassium  picrate 
which  usually  forms  as  the  liquid  cools." 
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A  and  B  should  be  mixed  only  when  ready  for  use  and  the  mixture  should 
be  boiled.  If  on  doing  this  a  sediment  is  formed,  the  mixture  'should  be  boiled 
and  filtered  before  the  addition  of  the  crcatinine-free  urine. 

—V.  C.   V. 


MARSHALL'S  Method  of  Determining  Urea  with  Urease.— hs  is  well  known, 
urea  is  converted  into  ammonium  carbonate  by.  urease.  This  ferment  is 
a  product  not  only  of  bacterial  growth,  but  is  found  in  some  of  the  higher  plants, 
being  especially  abundant  in  the  soy  bean  (Glycine  hispida).  Marshall  (Jour. 
Biolog.  Chem.,  xiv,  283)  first  used  urease  from  the  soy  bean  in  the  quantitative 
estimation  of  urea. 

The  enzyme  was  first  prepared  as  follows:  Soy  beans  ground  into  a  fine 
meal  are  kept  in  stock  in  wide  mouth  bottles.  Twenty-five  grams  of  this  powder 
are  mixed  in  250  c.c.  of  water  and  allowed  to  stand  with  occasional  agitation 
for  one  hour  or  longer;  then  25  c.c.  of  j'o  hydrochloric  acid  are  added  and 
the  mixture  kept  for  a  few  minutes  at  about  35  degrees.  The  acid  precipitates 
the  mass  of  protein  in  the  extract  but  has  no  effect  on  the  enzyme.  The  pre- 
cipitate is  removed  by  filtration  and  the  filtrate,  containing  the  active  enzyme, 
is  put  into  a  tube  or  bottle  and  treated  with  a  few  drops  of  toluene.  This  solu- 
tion is  alkaline  to  methyl  orange  and  the  degree  of  its  alkalinity  should  be  de- 
termined. Generally  2  c.c.  require  from  0.28  to  0.34  c.c.  of  j^  hydrochloric 
acid  for  neutralization. 

Van  Slyke  and  Cullen  (Ibid,  xix,  211,  1914)  have  prepared  powdered  urease 
from  soy  beans  and  this  has  now  become  a  commercial  product.  An  aqueous 
extract  of  the  beans  is  poured  into  ten  times  its  volume  of  acetone  w^hen  the  fer- 
ment is  precipitated,  dried  and  ground  into  a  powder.  Tliis  retains  its  activity 
indefinitely. 

Portions  of  urine  of  1  c.c.  are  measured  into  test  tubes,  diluted  to  10  c.c. 
with  ammonia-free  water,  treated  with  the  enzyme  (1  c.c.  of  the  extract  from 
the  bean  or  the  same  amount  of  a  10  per  cent  solution  of  the  powdered  enzyme). 
A  drop  of  toluene  is  added  to  each  tube.  The  well  stoppered  tubes  are  allowed 
to  stand  at  room-temperature  over  night.  The  enzyme  decomposes  the  urea 
into  ammonium  carbonate  and  the  contents  of  the  tube  may  be  directly  titrated 
with  .^-  hydrochloric  acid  and  the  per  cent  of  urea  calculated;  or  the  am- 
monia may  be  blown  over  into  ^  hydrochloric  acid  and  the  decrease  in  the 
acid  determined. 

Van  Slyke  and  Cullen  have  slightly  modified  the  method  which  they  illus- 
trate diagrammatically  as  follows : 

(  0.5  c.c.   urine. 

1.  Measure  into   A )  5  c.c.  0.6%  KH.  PO. 

\  1   c.c.   lO/o  urease. 

\  2  drops  caprylic  alcohol. 
Stopper  A  and  allow  to  stand  15  minutes. 

i  25  c.c.  ^  acid. 

2.  Measure   into   B 1  drop  1%  sodium  alizarin 

I  sulphonate   indicator. 

1  drop  caprylic  alcohol. 
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3.  After  standing  fifteen  minutes,   aerate  one-half  minute.     Then  open 

A  and  add   four  to  five  GK.COa. 

4.  Aerate  all  NH3  from  A  into  B. 

5.  Titrate  excess  of  acid  in  D  with  ^    N=>OH. 

6.  Calculate:      0.056Xc.c.     ^    acid=grams    of    urea+ammonia    nitrogen 

per  100  c.c.  of  urine. 

The  ammonia  nitrogen  in  the  urine  is  determined  in  a  companion  tube  which 
is  not  fermented.  "The  acid  neutrahzed  is  multipHed  in  this  case  by  the  factor 
0.0056,  to  give  the  per  cent  of  ammonia  nitrogen."  This  method  is  suitable  for 
urines  which  contain  not  more  than  3  per  cent  of  urea,  about  the  maximum  in 
human  urine.  In  working  with  the  urines  of  dogs  and  cats  dilution  is  neces- 
sary. 

The  urease  method  is  especially  suited  for  the  determination  of  urea  in  the 
blood,  since  the  ferment  acts  on  no  other  constituent  of  this  fluid.  The  blood  as 
drawn,  is  mixed  with  one  per  cent  its  weight  of  solid  potassium  citrate  to  pre- 
vent clotting.  If  the  determination  is  made  on  fresh  blood,  the  amount  of  free 
ammonia  is  so  small  that  it  may  be  considered  negligible. 

"Three  c.c.  of  blood  are  mixed  with  3  c.c.  of  the  0.6  per  cent  KH2PO4  solu- 
tion and  1  c.c.  of  the  ten  per  cent  tirease  solution.  Five  drops  of  caprylic  alco- 
hol are  added  and  ten  minutes  are  allowed  for  the  enzyme  to  act.  One  measures 
15  c.c.  of  -^  acid  into  tube  B.  From  this  on  the  technique  is  the  same  as  in 
the  urine  analysis  except  that  the  titration  is  performed  with  ^  NaOH  in- 
stead of  ^.  The  calculation  is  very  siinple  because  each  c.c.  of  ^  acid  neu- 
tralized corresponds  to  0.01  per  cent  urea." 

"Grams  urea  per   100  c.c.   blood^).01>s'c.c.  jcb'  ^^id. 
Urea  nitrogen  per   100  c.c.  blood^0.00466Xc.c.  loo  acid." 

The  caprylic  alcohol  is  used  to  prevent  foaming.  Amyl  or  ethyl  alcohol 
or  kerosene  may  be  substituted  but  are  not  so  good. 

A  clinical  method  consists  in  determining  the  increased  alkalinity  of  the 
urine  after  fermentation,  with  methyl  orange  as  an  indicator.  The  direct  method 
is  described  by  Marshall  as  follows :  Two  5  c.c.  portions  of  the  urine  are  meas- 
ured into  flasks  of  200-300  c.c.  capacity  and  diluted  with  distilled  water  to  about 
100-125  c.c.  Two  c.c.  of  enzyme  solution  (or  1  c.c.  of  a  ten  per  cent  solution 
of  urease)  are  added  to  one  flask,  a  few  drops  of  toluene  to  each  and  the  solu- 
tions allowed  to  remain,  well  stoppered,  at  room-temperature  over  night.  The 
fluid  in  each  flask  is  titrated  to  a  distinct  pink  color  with  '^^  hydrochloric  acid, 
using  methyl  orange  as  an  indicator.  The  amount  of  hydrochloric  acid  required 
for  the  flask  containing  the  urine  and  enz>'Tne  solution  less  the  amount  used  for 
5  c.c.  of  urine  alone,  and  that  previously  determined  for  the  2  c.c.  of  enzyme 
solution  (when  the  pure  ferment  is  used,  this  correction  is,  of  course,  not  needed) 
corresponds  to  the  urea  originally  present  in  tlic  sample  of  urine.  Since  1  c.c. 
of  j^^  -  hydrochloric  acid  is  equivalent  to  three  nig.  of  urea,  the  number  of  c.c. 
required  multiplied  by  0.6  gives  the  value  of  urea  expressed  in  grams  per  litre 
of  urine."  _[/.  C.   V. 
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EDITORIALS 


The  Fight  Against  Tuberculosis  in  Michigan 

'y  HE  legislature  of  1915  placed  $100,000  at  the  disposal  of  the  State  Board  of 
A  Health,  to  be  used  in  the  restriction  of  tuberculosis  in  Michigan.  The  State 
Medical  Society  inaugurated  the  work  in  a  new  way.  The  Governor  at  the 
request  of  a  committee  from  the  State  Medical  Society  issued  a  proclamation 
stating  that  on  August  20th  each  member  of  the  Medical  Society  would  exam- 
ine anyone  who  presented  himself  without  charge.  Blanks  were  supplied  the 
physicians  and  438  examinations  were  reported.  This  figure  does  not  represent 
the  total  number.  Many  physicians  understood  that  they  were  to  report  only 
the  positive  cases.  Moreover,  many  people  who  hesitated  to  accept  a  free  ex- 
amination went  to  the  physicians  on  other  days.  This  movement  on  the  part  of 
the  physicians  to  serve  the  public  has  been  fully  appreciated. 

The  State  Board  of  Health  has  selected  a  competent  medical  man  to  take 
charge  of  the  campaign.  He  will  have  the  direction  of  as  many  visiting  nurses 
as  may  be  needed.  The  county  will  be  taken  as  the  unit  of  the  survey.  Visit- 
ing nurses  will  go  into  each  county  and  with  the  help  of  the  local  physicians 
will  tiy  to  locate  every  suspected  case.  Countv  clinics  will  be  held  in  Avhich 
these  suspected  persons  will  be  thoroughly  examined.  All  the  physicians  in  the 
county  will  be  invited  to  attend  these  clinics  and  to  bring  patients  or  persons 
suspected  of  having  tuberculosis.  After  the  survey  in  a  county  has  been  made, 
the  ascertained  facts  will  be  laid  before  the  supervisors  and  an  attempt  will  be 
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made  to  induce  each  county  to  provide  a  hospital  for  the  care  of  advanced  cases 
and  a  full  time  health  commissioner  who  with  the  assistance  of  visiting  nurses 
will  continue  the  work.  The  death  rate  from  tuberculosis  in  Michigan  is  al- 
ready lower  than  in  any  other  state  in  the  Union  except  Utah,  and  it  is  hoped 
that  this  campaign  will  lead  to  a  still  further  reduction.  This  is  a  great  work 
and  it  is  to  be  hoped  that  the  medical  profession  throughout  the  country  will 
show  itself  to  be  big  and  wise  enough  to  lead  in  the  restriction  and  the  final  ex- 
termination of  this  preventable  disease.  There  is  opportunity  for  the  profession 
to  render  the  country  a  patriotic  service  which  has  come  to  no  other  class  of 
men  at  any  time  or  any  place.  To  show  ourselves  practical  leaders  in  the  re- 
striction of  tuberculosis  and  other  preventable  diseases  means  the  respect  and 
gratitude  of  all  thinking  men  and  there  need  be  no  fear  that  the  profession  will 
not  be  amply  rewarded  for  such  service.  — V .  C.   V. 


The  Action  of  Smallpox  Vaccine 

TO  the  man  who  has  not  been  vaccinated  and  has  not  had  smallpox,  the  virus 
of  this  disease  is  pathogenic.  To  the  man  who  has  been  vaccinated  or  has 
recovered  from  an  attack  of  the  disease,  this  virus  is  non-pathogenic.  How 
does  vaccination  secure  protection?  In  variola  vera  the  infection  is  general 
and  is  distributed  through  all  parts  of  the  body  in  the  blood.  Animals  have 
been  successfully  inoculated  with  the  blood,  bone  marrow,  lungs,  testicles,  and 
other  tissues  of  the  smallpox  victim.  In  this  w^ay  the  disease  has  been  induced 
in  apes  and  locally  in  the  cornea  of  rabbits.  While  the  virus  is  generally  dis- 
tributed in  variola,  the  predilection  site  for  it  is  in  the  epithelial  tissue  where 
it  forms  pustules. 

In  variola,  pustulation  is  multiple ;  in  vaccinia,  it  is  single.  In  the  former 
the  contents  of  a  pustule,  even  when  diluted  a  thousand  times,  induce  variola 
when  inoculated  into  a  susceptible  individual.  In  the  latter  the  contents  of  the 
single  pustule  confer  immunity  when  inoculated  into  a  susceptible  individual. 

Is  the  vaccine  virus  distributed  through  the  bod\-  in  the  circulation  from 
the  site  of  inoculation?  This  is  an  important  question  from  either  a  theoretical 
or  a  practical  view.  Only  in  rare  instances  does  multiple  pustulation  follow 
vaccination.  So  long  ago  as  1829  it  was  held  by  Eichhorn  that  tlie  vaccine  virus 
is  distributed  through  the  body  in  the  circulation.  He  scarified  the  skin  of 
children  at  points  distant  from  the  site  of  inoculation  on  the  fifth  day  after 
vaccination  with  a  "clean"  lancet  and  saw  vaccination  pustules  form  at  the 
points  of  scarification.  A  "clean"  lancet  in  1829  did  noi  imply  a  sterile  one. 
Strange  to  say,  this  statement  of  Eichhorn  has  never  been  satisfactorily  con- 
firmed or  denied.  It  was  confirmed  by  WOltTbcrg  iii  1885.  but  his  statements 
leave  one  in  doubt  concerning  his  aseptic  precautions  and  the  possibility  of  in- 
fecting the  scarifications  from  the  primary  vaccination  by  external  agents  rather 
than  through  the  circulation.  Eichhorn's  experiment  has  found  denial  in  those 
made  with  all  needed  precautions  by  Nobl.  but  for  some  reason,  not  stated.  Nobl 
made  the  scarifications  between  the  tenth  and  twentieth  ihiys  after  vaccination 
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and  not  on  the  fifth  day  as  Eichhorn  did.  'I'he  belief  that  the  vaccine  virus  is 
distributed  through  the  blood  and  may  cause  pustulation  in  distant  parts  of  the 
body  wherever  the  skin  is  broken,  has  led  to  caution  in  vaccination  of  children 
with  eczema.  Undoubtedly  sucli  children  in  s(jme  instances  develoj)  multi])le 
pustulation  over  the  eczematous  areas.  It  is  most  probable  that  these  areas  are 
infected  through  the  fingers  rather  than  through  the  blood.  However,  the  evi- 
dence that  the  vaccine  virus  does  find  its  way  into  the  blood  after  ordinary  vac- 
cination cannot  be  ignored  or  lightly  cast  aside.  Tn  1X72,  Richter  applied  a  ves- 
icator  to  an  unvaccinated  child,  removed  the  skin  from  the  blister  and  applied 
to  the  raw  surface  lint  moistened  with  the  blood  of  a  child  v.hich  had  been  vac- 
cinated eight  times,  twenty-four  hours  before.  y\t  the  >ame  time  he  made  five 
small  incisions  in  the  skin  of  this  unvaccinated  child  and  rubbed  into  these 
dried  blood  from  the  vaccinated  child.  On  the  eighth  day  after  this  procedure 
he  saw'  eight  well-developed  cow-pocks  on  the  blister  and  one  in  the  incisions. 
Neisser  reports  successful  vaccination  with  the  bone-marrow  of  an  ape  taken 
fifteen  days  after  the  animal  had  been  vaccinated.  Pfcififer,  Frosch,  W'asielew- 
ski,  and  others  have  reported  the  presence  of  the  \accine  virus  in  the  liver, 
spleen,  kidneys,  lungs,  and  other  organs  of  vaccinated  calves.  The  expressed 
juice  from  these  tissues  induced  ty[)ical  corneal   vaccinia   in  rabbits. 

On  the  other  hand,  numerous  investigators  have  failed  to  find  any  evidence 
that  the  vaccine  virus  is  distributed  in  the  blood.  Halterstadter  and  Prowazek 
used  228  animals  with  no  proof  of  the  distribution  of  the  vaccine  virus  through 
the  blood.  Similar  negative  evidence  has  resulted  from  the  experiments  of 
Calmette  and  Guerin.  Prowazek,  Haaland,  Hansen.  Jiirgens.  Siipfle.  and  others. 
Some  of  these  investigators  have  approached  the  subject  from  another  direction. 
For  instance,  Prowazek  and  Yamamoto  injected  vaccine  virus  directly  into  the 
circulation  and  found  that  it  disappeared  from  the  blood  within  an  hour  and 
from  the  liver,  spleen,  and  bone-marrow  within  two  hours.  It  can  be  detected 
in  the  skin  any  time  within  two  days  after  intravenous  injecticms.  as  has  been 
demonstrated  bv  the  experiments  of  Calmette  and  Guerin.  The  intravenous  in- 
jection of  vaccine  virus  in  experimental  animals  is  followed  by  no  pustulation 
unless  the  skin  be  broken.  Calmette  and  Guerin  found  that  pustulation  could 
be  induced  any  time  within  twenty-four  hours  after  intravenous  injection  in  rab- 
bits by  shaving  the  back  and  rubbing  the  skin  with  sandpaper. 

It  is  safe  to  conclude  from  the  evidence  that  vaccine  protein  has  its  predilec- 
tion for  epithelial  tissue,  that  it  speedily  disappears  from  the  blood  when  thrown 
directly  into  the  current  and  that  its  distribution  through  the  blood  is  unusuai 
or  does  not  occur  after  ordinary  vaccination. 

That  the  vaccine  virus  does  not  enter  the  blood  in  vaccination  in  man  is 
indicated  by  the  fact  that  eczematous  children  may  be  vaccinated  without  the 
development  of  pustules  in  eczematous  areas  when  these  are  protected  against 
external  infection.  When  large  amounts  of  vaccine  virus  arc  used,  some  of  it 
may  enter  the  blood  from  which  it  soon  disappears  and  is  deposited  in  the  epi- 
thelial tissues  where  it  induces  pustules  only  when  this  tissue  has  suffered  some 
injury.  In  vaccination  as  ordinarily  practiced  in  man  the  virus  grows  only  at 
and  about  the  point  of  inoculation.     Accepting  this  as  true,  hov."  is  the  immunity 


Editorials  137 

induced  by  vaccination  to  be  explained?  Tanaka,  Freyer  and  Casagramli  have 
concluded  from  their  experiments  that  the  blood  of  the  vaccinated  and  of  con- 
valescents from  smallpox  contains  specific  precipitins,  but  Pirquet  and  Provvazek 
have  shown  that  vaccine  lymph  itself  deposits  a  flocculent  precipitate  on  stand- 
ing. Jobling  and  others  have  studied  complement  fixation  in  the  blood  of  the 
vaccinated  and  that  of  convalescents  from  smallpox,  but  the  methods  employed 
have  varied  so  greatly  and  the  conclusions  reached  have  been  so  dissimilar  and 
even  contradictory  that  nothing  definite  has  been  established. 

Attempts  to  passively  immunize  children  and  calves  with  the  blood  and 
serum  of  the  vaccinated  and  of  smallpox  convalescents  have  been  made  by  many, 
first  by  Chaveau  and  since  his  time  by  many  others.  Earlier  experiments  in 
this  direction  were  wholly  negative.  In  later  years  much  larger  amounts  of 
blood  have  been  employed — even  transfusion  in  calves — and  partial  immunity 
has  been  secured  in  this  way. 

It  was  first  shown  by  Sternberg  in  1892  that  immune  blood,  whether  the 
immunity  be  induced  by  vaccination  or  by  an  attack  of  smallpox  contains  a  spe- 
cific vaccinicide.  Sternberg's  demonstration  was  made  in  the  following  way : 
Equal  quantities  of  the  immune  blood  and  the  vaccine  lymph  are  thoroughly 
shaken  in  a  test  tube.  The  mixture  or  the  sediment  from  the  same  is  without 
effect  on  susceptible  individuals.  This  experiment  has  been  repeated  and  the 
finding  confirmed  by  many.  The  serum  of  susceptible  individuals  has  no  efifect 
on  vaccine  virus,  while  that  of  the  immunized  promptly  destroys  it. 

The  vaccinicide  action  of  the  serum  is  evident  about  the  eighth  day  after 
vaccination  and  increases  for  three  to  four  weeks.  In  some  instances  it  per- 
sists for  years,  but  this  is  not  the  rule.  Even  after  the  presence  of  the  vac- 
cinicide in  the  serum  cannot  be  demonstrated,  the  skin  retains  its  immunity.  In 
fact,  the  skin  immunity  appears  a  day  or  two  before  the  presence  of  the  vac- 
cinicide in  the  blood  can  be  demonstrated  and  may  persist  for  years  after  the 
blood  vaccincide  cannot  be  demonstrated.  It  seems  justifiable  to  conclude  that 
the  vaccinicide  is  formed  in  the  epithelial  cells. 

The  vaccine  virus  grows  only  at  and  immediately  about  the  point  of  in- 
oculation. In  doing  this  it  elaborates  enough  vaccine  protein  to  sensitize  the 
epithelial  cells  of  the  whole  body.  The  sensitizing  agent  is  not  tlie  living  virus 
but  the  protein  of  the  dead  \irus.  That  this  is  true  is  proxen  by  recent  experi- 
ments of  Siiffle  and  others  which  show  immunity  may  lie  induced  by  vaccine 
lymph  sterilized  but  witliout  the  production  of  a  pustule.  Of  course  this 
method  necessitates  the  introduction  of  relatively  a  very  large  amount  of  the 
lymph.  It  must  equal  that  produced  by  the  living  \irus  in  the  formation  of  the 
pustule.  The  sensitizing  consists  in  developing  in  the  epithelial  cells  a  new 
function,  that  of  digesting  and  destroying  vaccine  protein.  Vaccine  protein  and 
smallpox  protein  are  so  closely  related  that  a  ferment  which  .lestioys  one  lias 
a  like  effect  u])on  the  other.  W  hen  the  indixidual  protected  by  vaccinatitni  is 
exposed  to  smallpox  or  takes  the  smallpox  pr(>teiii  into  Ins  body,  it  soon  finds 
its  way  to  its  preiHlectioii  tissues,  wliicli  consist  of  the  epithelial  cells.  The 
cells  now  exercise  the  function  developed  in  them  by  \accination  and  destroy 
the  smallpox  virus  before  it  has  time  to  multiply  to  a  dangerous  extent.  There 
seems  to  be  no  missing  link  in  the  chain  of  facts  connected  with  the  <leveIop- 
ment  of  immiinitv  to  smallpox  b\   vaccination.  -    /  .   C.    /  . 
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Recent  Work  on  Blood-Pressure  Measurements  in  Man 

(Continued    from    page   68.) 

The  Diastolic  Pressure 

AS  we  have  already  pointed  out,  much  more  is  to  be  learned  concerning  the 
efficiency  and  condition  of  the  circulatory  system  by  measuring  the  dias- 
tolic pressure  than  by  measuring  the  systolic.  A  knowledge  of  both  pressures 
is  important,  and  both  should  always  be  measured,  but,  taken  alone,  the  diastolic 
is  the  more  important  pressure  to  employ  in  clinical  diagnosis.  Although  every 
authority,  nowadays,  insists  on  this  fact,  yet  there  are  comparatively  few  phy- 
sicians who  make  diastolic  pulse  gauging  a  routine,  or  indeed  even  an  occasional, 
practice.  The  reason  for  this  neglect  is  undoubtedly  the  unsatisfactory  and  un- 
certain nature  of  the  methods  which,  until  recently,  have  been  at  their  disposal. 
But  such  is  no  longer  the  case,  and  we  shall  endeavor  in  this  review  to  ex- 
plain the  newer,  accurate  and  simple  methods  and  to  show  how  various  investi- 
gators, particularly  Professors  Leonard  Hill  and  MacWilliam  and  their  co- 
workers, have  succeeded  in  proving  the  reliability  of  them.  In  general,  two 
methods  may  be  employed,  the  oscillatory  and  auscultatory.  One  procedure  is 
common  to  both,  namely,  to  apply  an  armlet  to  an  artery  that  is  well  sur- 
rounded by  soft  tissues,  such  as  the  brachial  in  the  arm  or  the  femoral  in  the 
thigh.  The  pressure  in  the  armlet  is  then  altered  by  means  of  a  suitable  pump 
and  is  registered  on  a  manometer,  which  may  be  either  a  spring  instrument  (such 
as  the  Hill-Barnard  or  Faught )  or  a  column  of  mercury  (such  as  the  Riva 
Rocci  or  Janeway).  In  the  oscillatory  method,  the  diastolic  pressure  is  taken 
as  that  at  which  the  oscillations  of  the  manometer  are  greatest  in  amplitude;  in 
the  auscultatory,  it  is  taken  as  that  at  which  a  sudden  change  in  intensity  and 
character  occurs  in  the  sound  that  may  be  heard  with  each  pulse  beat  by  listen- 
ing through  a  stethoscope  or  phonendoscope  placed  over  the  artery  below  the 
armlet,  for  example,  at  the  bend  of  the  elbow  when  the  brachial  artery  pressure 
is  being  measured. 

The  Oscillatory  Method.  A  most  exhaustive  investigation  of  the  reliability 
of  this  method  has  been  published  by  MacWilliam  and  Melvin,^  and  their  gen- 
eral conclusion  is  that  "the  Marey  principle  .  .  .  that  the  maximum  oscillation 
occurs  when  the  external  (armlet)  pressure  counterbalances  the  internal  dias- 
tolic pressure  ...  is  erroneous."  Instead  of  this  being  the  case,  they  con- 
clude that  "maximum  oscillation  occurs  at  levels  of  external  pressure  above 
and  often  very  considerably  above  the  actual  internal  diastolic  pressure,  the  ex- 
cess varying  between  a  few  m.m.  Hg.  and  20  m.m.  or  more." 

These  criticisms  of  the  principle  of  the  method  are  rendered  more  serious 
by  the  further  conclusion  that  there  is  often  no  reliable  way  for  ascertaining 
at  what  pressure  the  maximum  oscillation  occurs.  Several  methods  have  been 
in  vogue  for  determining  this  point.  These  methods  have  been:  (1)  To  take 
the  midpoint  in  the  period  of  approximately  maximal  oscillation — found  to  give 
widely  varying  overestimates.  (2)  The  Recklingliausen-Erlanger  index  or  the 
last  phase  at  which  the  oscillation  is  maximal — found  to  be  valuable  only  when 
a  characteristic  change  in  oscillation  magnitude  is  clearly  recognizable,  and  even 
in  this  case  the  diastoHc  pressure  is  that  obtaining  just  after  the  abrupt  diminu- 
tion has  occurred.      (3)      The   Sahli,   Masing,   etc..   method,   in   which   changes 
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(observed  by  palpation  or  by  sphygmographs)  in  the  artery  peripheral  to  the 
armlet  are  used — found  to  be  dubious  and  the  interpretation  unreliable.  The 
same  is  true  when  subjective  changes,  such  as  the  throb  felt  in  the  limb,  are 
used. 

These  conclusions  are  based  on  evidence  obtained  by  experiments  with  an 
artificial  schema  consisting  of  a  wide  glass  tube  (the  compression  tube),  filled 
with  Ringer's  solution,  representing  the  armlet,  and  having  a  fresh  artery  run- 
ning along  inside  it  from  end  to  end.  The  artery  is  attached  to  tubing  through 
which  occurs  a  pulsatile  flow  of  oxygenated  Ringer's  solution  at  varying  pres- 
sures, which  are  indicated  by  valved  manometers  connected  with  the  artery  tub- 
ing just  beyond  the  compression  tube.  The  pressure  in  the  latter  is  also  meas- 
ured by  a  manometer  and  it  is  caused  to  vary  by  a  suitable  compressor.  Fresh 
arteries  are  used  in  these  newer  artificial  circulation  models,  because,  as  Mac- 
William  has  shown,  living  arteries  when  subjected  to  changes  in  pressure  in- 
side or  outside,  do  not  behave  like  dead  arteries  or  rubber  tubes.  Arteries  are 
tubes  of  very  special  structure,  and  their  expansile  and  elastic  properties  de- 
pend on  their  being  alive. 

By  comparing  the  behavior  of  the  artery  with  the  pulsating  movements  of 
a  spring  manometer  which  was  connected  with  the  compression  chamber,  un- 
der different  degrees  of  pressure  inside  and  outside  the  artery  (as  ascertained 
by  the  appropriate  manometers)    the   following  was  observed: 

"The  maximal  oscillation  only  occurs  when  the  artery  is  flattened  between 
the  pulse  beats  to  a  very  considerable  extent."  That  is  to  say,  it  occurs  at  an 
outside  pressure  which  is  above  the  diastolic,  for  at  this  pressure  the  vessel 
should  retain  its  circular  shape.  A  higher  external  pressure  causes  diminished 
oscillation  by  producing  excessive  flattening.  So  also  does  lowered  pressure 
because  the  vessel,  being  circular  between  the  beats,  only  expands  into  a  wider 
circle  with  each  pulse  wave.  It  was  noted,  however,  that  often  "the  change  be- 
tween the  latter  form  of  expansion  and  that  compounded  of  such  expansion  and 
the  opening  up  of  a  partially  flattened  vessel  is  sharply  marked  and  .  .  .  con- 
stitutes the  real  basis  of  the  Recklinghausen-Erlanger  index."  According  to 
this  observation,  therefore,  the  diastolic  pressure,  as  measured  by  the  Erlanger 
apparatus,  is  the  level  at  which  the  markedly  diminished  excursions  are  first  ob- 
tained. 

The  authors  speak  of  the  vessel  as  being  in  zero  position  (of  normal  cir- 
cular form  with  zero  pressure  inside")  ;  half-flattened  or  completely  flattened. 
They  have  found  that  the  half-flattened  position  is  the  optimun  one  for  a  sys- 
tolic expansion  to  start  from,  i.  e.,  it  takes  fewer  m.m.  Hg.  pressure  to  produce 
a  maximal  oscillation  with  the  vessel  in  this  position  than  in  any  other. 

We  shall  return  to  these  experiments  immediately,  when  considering  the 
auscultatory  method,  but  meanwhile  we  must  noic  that  Flack.  Hill  and  Mc- 
Queen^ have  pointed  out  certain  fallacies  in  the  schema  of  MacWilliam  and 
Melvin,  and  therefore  in  the  conclusions  which  these  authors  have  drawn. 
Flack,  Hill  and  McQueen  consider  the  model  too  simple  since  it  does  not  rep- 
resent the  influence  which  the  vascular  tissues,  enclosed  in  the  armlet,  will  have 
on  the  pulse  wave.  As  indicating  the  unreliability  of  the  simpler  model,  they 
point  out  that  in  it  a  compressing  force,  which  was  insufficient  to  obliterate  the 
pulse,  caused  a  great   fall  in  the  manometer  which   was  placed  distally  to  the 
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compression.  This  would  mean  that,  in  the  living  subject,  when  the  compressing 
force  which  was  just  below  the  systolic  was  applied  (in  an  armlet  applied  at  the 
upper  arm),  a  second  armlet  placed  below  the  first  one  (at  the  forearm)  would 
register  a  systolic  pressure  which  was  much  lower  tlian  tlie  actual.  This,  how- 
ever, is  not  the  clinical  experience,  for  the  second  armlet  under  such  conditions 
actually  registers  the  true  systolic  pressure.  Thus,  in  a  case  in  which  the  sys- 
tolic pressure  is  115  m.m.  Hg..  if  a  pressure  of  110  m.m.  is  applied  at  the 
brachial,  and  another  armlet  put  below  the  first  and  the  pressure  raised  within 
it,  the  pulse  at  the  radial  will  not  be  obliterated  until  the  pressure  in  this  arm- 
let reaches  115  m.m.  Hg. 

Thev  point  out  other  inconsistencies  in  the  model,  such  as  the  fact  that 
with  moderate  compression  it  docs  not  sliow  the  increase  in  amplitude  of  the 
pulse  below  the  compression,  which  wc  liave  seen  to  be  tlie  clinical  experience 
(see  p.  66). 

To  represent  the  actual  conditions.  Hill,  etc..  have  constructed  a  more  elabo- 
rate circulatory  modeP  consisting  of  two  glass  compression  chambers  connected 
with  each  other  and  to  a  compression  bottle.  In  one  is  placed  a  piece  of  human 
carotid  arterv;,  in  the  other  a  schematic  representation  of  the  tissue  vessels  con- 
sisting of  a  very  thin-walled  wide  rubber  tube  filled  with  broken  rubber  sponge 
and  supported  on  the  outside  by  muslin.  These  essential  parts  of  the  model 
were  arranged  in  different  relationships  to  each  other  in  the  numerous  experi- 
ments that  were  performed  with  them,  and  the  pressure  changes  and  pulse 
oscillations  were  recorded  by  connecting  manometers,  at  various  parts  of  the 
schema.  The  pulsatile  flow,  etc..  was  provided  for  in  the  usual  manner.  In 
the  present  connection  the  most  important  experiments  were  those  in  which  the 
resistance  to  outflow  and  the  diastolic  pressure  increased  pari  passu  with  the 
compression.  In  these,  the  diastolic  pressure  and  maximal  pulse  were  in  agree- 
ment. 

Other  well-known  clinical  facts  which  could  be  duplicated  on  the  schema 
were  as  follows:  (1)  "The  pulse  may  reappear  on  decompression  at  a  lower 
pressure  than  that  at  which  it  disappears  on  compression;  (2)  the  radial  pulse 
is  reinforced  when  the  compressive  force  applied  to  the  upper  arm  is  below  the 
diastolic  pressure;  (3)  the  diastolic  pressure  is  raised  towards  the  systolic  in 
proportion  as  the  peripheral  resistance  is  increased  by  obstruction  of  the  venous 
outflow. 

We  have  already  seen,  in  connection  Avith  systolic  pressure,  how  the  model 
could  also  be  used  to  demonstrate  the  difference  which  is  often  noticed  in  the 
leg  and  arm  systolic  pressures  (see  p.  65). 

To  sum  up  this  part  of  the  work,  ]\Iac\\'illiam  and  Alelvin  assert  that  the 
diastolic  pressure  in  the  arter}'  does  not  always  coincide  with  the  maximal  pulse 
observed  in  the  armlet  manometer,  v^hereas  Flack.  Hill  and  McQueen  find  that 
they  are  in  agreement.  As  far  as  one  can  judge,  without  actually  repeating  the 
experiments,  the  balance  of  evidence  is  in  favor  of  the  views  of  the  latter  group 
of  workers.  This  does  not  detract  from  the  importance  of  MacWilliam  and 
Melxin's  work,  for  as  we  shall  see  immediately,  it  has  proved  of  immense  value 
in  proving  the  reliability  of  the  auscultatory  method. 

The  AuscuUaiory  Method:  Both  schools  of  workers  are  in  agreement  that 
the  diastolic  pressure  corresponds  to  the  pressure  registered  in  the  armlet  when. 
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(jn  gradually  decompressing  this,  a  sudden  diminution  occurs  in  the  sound  heard 
in  the  artery  below  the  armlet."'  ' 

To  secure  trustworthy  results  the  following  conditions  must,  however,  be 
observed  in  using  the  method  : 

(1)  The  armlet  should  entirely  surround  the  limb  and  should  be  at  least 
12  cm.  in  width. ^ 

(2)  It  must  be  applied  to  an  artery  which  is  surrounded  by  vascular  tis- 
sues, such  as  in  the  upper  arm  and  thigh,  and  cannot  be  used  on  an  artery  lying 
on  bone.^  ' 

(3)  The  phonendoscope  or  stethoscope  should  be  laid  without  pressure 
just  below  the  armlet;  on  raising  the  armlet  pressure  above  the  systolic  and 
then  slowly  decompressing,  clear  sounds  become  audible,  with  each  heart  beat, 
gradually  getting  louder  and  often  murmurish  in  quality.  At  a  certain  pres- 
sure the  loud  sounds  suffer  a  sudden  diminution  in  volume  and  tone.  The  pres- 
sure in  the  armlet  at  this  moment  is  tiie  diastolic.^  ^  Dull  sounds  continue  to 
be  heard  on  further  lowering  the  pressure,  but  fhcsr  hair  no  diagnosiic  sig- 
nificance. The  method  may  also  be  applied  with  gradually  rising  pressure,  the 
point  of  sudden  increase  in  the  sound  being  the  diastolic  index. 

(4)  The  systolic  index  should  also  be  m.easured  by  the  auscultator}-  method 
(see  p.  64),  but  not  only  because  it  is  important  to  know  it,  but  in  order 
that  it  may  be  compared  with  the  systolic  index  as  gauged  by  the  reappearance 
of  the  pulse  as  felt  by  the  finger.  The  auscultatory  index  should  be  above  the 
palpatory;  if  it  is  not  so,  the  apparatus  must  be  readjusted.^  "^ 

(5)  The  method  is  not  applicable  in  cases  of  aortic  regurgitation,  on  ac- 
count of  the  continued  presence  of  the  well-known  sound. 

(6)  Too  prolonged  application  of  the  armlet,  by  causing  congestion  and 
stagnation  of  blood  in  the  limb,  may  cause  the  auscultatory  method  to  be  un- 
reliable.^ 

AUerations  in  the  arterial  wall  do  not  hiterferc  with  the  accuracy  of  the 
method  unless  they  are  severe.  Insufficiency  of  flow  through  the  artery  and 
conduction  of  the  sound  along  bone  are,  however,  possible   sources  of  fallacy." 

The  exact  condition  of  the  blood  vessels  at  the  diastolic  index  can  be  beau- 
tifully demonstrated  in  MacW  illiam  and  Melvin's  simple  model,-  for  if  an  aus- 
cultatory instrument  be  applied  to  the  tube  leading  from  the  artery  just  beyond 
the  compression  chamber,  sounds  are  heard  which  correspond  to  those  heard 
in  the  arm,  etc. 

P)V  watching  the  artcr\'  under  different  conditions  of  external  jtressure 
while  listening  for  tlie  sounds,  it  was  found,  on  graduallx-  lowering  the  pres- 
sure from  above  the  obliteration  point,  that  the  sound  begins  as  soon  as  a  cer- 
tain amount  of  fluid  is  forced  through  the  compressed  area  at  each  pulse  (the 
systolic  index).  As  the  flattening  becomes  less,  the  sound  beconie.N  louder  and 
a  murmur  develops.  \\'hen  these  are  at  a  maximum  there  is  seen  to  be  ex 
tensive  flattening  with  \erv  olnious  \ibrations  ol'  the  ;irterial  w.ills.  w  hicli  may 
often  cause  a  sensation  of  thrill  on  ])alpation.  The  sound  suddenly  becomes  less 
and  changes  in  character  just  exactly  when  the  exti'rnal  piessure  no  longer  pro- 
duces anv  flattening  of  the  \essel  between  the  i)ulses:  e\idently,  therefore,  this 
is  the  diastolic  pressure.  As  the  external  pressure  is  still  further  lowered,  the 
sound  gets  less  and  less  and  finally  disapjiears. 
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It  must  be  clearly  understood  that  it  is  the  systolic  wave  that  produces  the 
sound  that  is  to  serve  as  an  index  of  diastolic  pressure.  To  quote  MacWilliam 
and  Melvin,^  "Though  the  sound  is  actually  elicited  by  the  systolic  wave,  its  oc- 
currence and  non-occurrence  and  its  character  when  present  are  determined  by 
the  intra-arterial  pressure  existing  during  the  diastolic  phase  and  its  relation  to 
the  external  or  armlet  pressure.  If  the  intra-arterial  diastolic  pressure  stands 
in  such  a  relation  to  the  armlet  pressure  that  some  distortion  of  the  arterial 
walls  from  the  circular  form — that  is,  some  flattening — occurs  during  diastole, 
then  the  loud,  clear  sound  is  heard.  On  the  other  hand,  when  the  relation  is 
such  that  the  intra-arterial  diastolic  pressure  is  not  sufficiently  below  the  level 
of  the  armlet  pressure  to  ensure  some  flattening  between  the  pulse  beats,  the 
sound,  if  audible  at  all,  is  dull  in  character.  The  change  (during  the  lowering 
of  the  armlet  pressure)  from  the  clear  to  the  dull  and  weaker  sound,  occurring 
as  soon  as  the  external  arterial  pressures  arc  approximately  equal,  constitutes 
the  index  of  the  diastolic  pressure." 

Lastly  it  should  be  mentioned  that  Flack,  Hill  and  McQueen^  in  confirming 
MacWilliam  and  Melvin's  findings  have  shown  that  there  are  really  two  ele- 
ments that  enter  into  the  production  of  the  sounds,  viz.:  (1)  the  vibrations 
which  are  set  up  in  the  arterial  w^all  by  the  onrush  and  outrush  of  blood  which 
is  synchronous  with  each  systolic  wave;  (2)  sudden  changes  in  the  tension  of 
the  arterial  walls  produced  by  each  systolic  wave.  The  former,  or  vibration 
sounds,  depend  on  the  degree  of  constriction  of  the  artery  under  the  armlet, 
but  the  latter,  or  "tension"'  sounds,  are  independent  of  this  and  occur,  therefore, 
after  the  pressure  has  been  lowered  below  the  diastolic. 
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Indigestion 

T^H.-\T  the  term  indigestion  covers  a  multitude  of  evils  is  fairly  well  known. 

-■-      That  the  term  is  used  rather  indiscriminately,  and  usually   has   a  purely 

symptomatic  meaning  is  fairly  well  realized.     It  is  further,  a  term  which  may 

include  anything  from  "stomach  trouble"   to  flatulence.     One  reason,   perhaps. 
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that  "indigestion"  is  so  nondescript  is  because  the  methods  for  arriving  at  an 
exact  diagnosis  are  so  tedious  in  some  cases,  and  perhaps  ill  understood.  Per- 
haps the  physiology  of  the  gastro-intestinal  tract  is  not  sufficiently  understood 
by  many.  It  is  therefore  a  valuable  contribution  of  Vander  Hoof^  which  deals 
with  1,000  cases  of  "indigestion."  These  cases  were  studied  thoroughly,  and 
use  was  made  of  all  the  clinical  methods  including  blood  examinations,  X-rays, 
and  urine  and  gastric  chemical  methods.  No  reference  however  was  made  to 
routine  examination  of  the  feces. 

The  results  of  the  study  are  summarized  as  follows : 

Appendicitis  and   Cholec\stitis    35  per  cent 

Peptic   ulcer    10  per  cent 

Neuroses  10  per  cent 

Cancer    (stomach   or   intestines) 5  per  cent 

Chronic    gastritis,    visceroptosis,    peritoneal    adhesions,    entero- 

spasm,  enterogenous  toxemia   10  per  cent 

Affections  of  the  kidneys,  lungs,  heart,  ej^es,  blood  and  ductless 
glands,  ears,  central  nervous  sj-stem,   female  pelvic  organs, 

migraine   and   infectious    diseases    25  per  cent 

Miscellaneous    diseases    5  per  cent 


100  per  cent 
In  other  words,  in  25  per  cent  of  the  cases  the  symptoms  of  "indigestion" 
were  reflex  in  origin,  and  were  not  the  result  of  gastro-intestinal  disease.  Van- 
der Hoof  remarks  that  the  percentages  attributed  to  peptic  ulcer  and  to  the 
neuroses  are  probably  too  high,  because  in  the  cases  of  ulcer  many  of  the 
cases  were  treated  medically,  and  because  a  question  mark  follows  the  diagnosis 
of  neurosis  in  many  cases.  He  believes  that  many  of  the  cases  in  tiicse  groups 
may  have  been  the  subject  of  appendix  or  gall-bladder  disease. 

Many  of  the  patients  who  received  surgical  treatment  for  appendix  or  gall- 
bladder diseases  have  been  followed  with  the  following  results : 

Patients 
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Cholecystitis    60 


Patients 

Per  cent 

Much 

Not 

ReDorted. 

Well. 

Improved. 

Improved 

Per  cent 

Per  cent 

93 

58 

29 

13 

41 

68 

25 

7 

Total    205  134  61  28  11 

If  one  takes  the  above  figures  in  which  there  is  no  doubt  of  the  gastro- 
intestinal origin  cf  the  symptoms,  he  finds  that  45  per  cent  of  the  1,000  cases 
are  definitely  of  infectious  origin.  If  one  adds  to  that  figure  such  other  groups 
as  peritoneal  adhesions,  chronic  infectious  diseases,  dysentery,  diseased  tonsils, 
intestinal  parasites,  diverticulitis  and  tuberculosis,  he  realizes  that  at  least  ()0 
per  cent  of  the  cases,  and  probably  more,  are  of  infectious  origin. 

Recent  work,  and  particularly  that  of  Rosenow,  has  indicated  that  chole- 
cystitis, appendicitis  and  gastric  ulcer  are  results  of  infection  from  foci  of  in- 
fections frequently  outside  the  digestive  tract.  It  is.  tiierefore,  not  to  be  won- 
dered at  that  treatment  which  merely  aims  at  correcting  gall-bladder  or  ap- 
pendix conditions,  for  instance,  results  in  but  61  per  cent  of  Ciires.  In  the 
other  39  per  cent  of  cases  the  sources  of  infection  may  not  have  been  removed. 
One  might  suggest  diat  intensive  study  of  the  teeth  and  cranial  sinuses  and 
antra  might  add  to  the  value  of  studies  on  indigestion.  — /'.  C.   W. 

'Jolins    Hopk.    Hosp.    Hull..    191.S    (20)    151. 
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Alkali  Salt  Therapy  in  Anuria 

T  has  taken  a  long  time  for  the  methods  of  M.  H.  Fischer  U>y  jiroducing  de- 
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hydration  of  protoplasm  to  be  used  in  treatment  of  appropriate  cases.  A 
reason  for  this  is  that  there  has  been  difficulty  in  deciding  what  cases  are  appropri- 
ate. There  can  be  no  doubt  that  in  those  clinical  conditions  which  are  due  to 
tissue  oedemas  with  no  other  complicating  causes  the  hypertonic  alkaline 
salt  .solutions  are  valuable.  In  toxic  anurias  for  instance,  which  are  the  results 
of  local  cellular  effects  in  the  kidneys,  no  one  can  have  any  doubt  of  the  \aluc 
of  alkali  treatment.  On  the  other  hand,  in  those  cases  in  which  the  .symptoms 
are  the  result  of  a  combination  of  cellular  and  vascular  effects  (as  in  renal  ar- 
teriosclerosis), brilliant  results  are  not  to  be  expected,  for  if  the  vascular  con- 
ditions are  such  that  the  organ  is  only  barely  well  supplied  with  oxygen,  and  if 
then  the  cells  swell  under  the  influence  of  some  toxic  influence  which  does  not 
permit  the  cells  to  use  what  oxygen  comes  to  them,  alkaline  and  salts  added  to 
the  blood  will  not  reach  the  cells  in  sufficient  amounts  or  in  time  to  produce  the 
dehvdrating  action  upon  which  a  return  to  former  conditions  depends.  Further- 
more, when  a  toxic  material  produces  an  irreversible  change  (coagulation)  oi 
the  proteins  of  the  cells  (of  the  kidney,  for  instance,  in  anuria)  neither  salt  and 
alkali  nor  any  other  drug  can  help. 

In  this  connection  a  report  by  Woodyatt'  is  a  valuable  one.  This  case  was 
one  which  became  anuric  after  receiving  three  doses  of  salvarsan  in  eight  days, 
in  0.3,  0.3,  and  0.4  gram  amounts.  Evidently  the  arsenic  produced  cellular 
asphyxia  which  expressed  itself  renally  in  the  absence  of  urine.  Asphyxia  is 
the  equivalent  of  acidosis,  and  acidosis  leads  to  colloidal  swelling.  The  patient 
was  treated  with  Fischer's  solution  by  bowel,  and  sodium  bicarbonate  lemonade 
by  mouth.  Some  few  hours  later  the  anuria  disappeared.  The  first  day  600 
c.c.  of  urine  passed;  the  second  day  900  c.c,  and  at  the  end  of  the  week  the 
daily  average  was  1,500  c.c.  "An  isolated  experience  of  this  sort  is  considered 
as  suggestive  that  a  suitable  application  of  the  same  general  therapeutic  prin- 
ciples might  prove  of  value  in  intoxications  of  the  type  described." 

Salt-alkali  treatm.ent  has  also  been  advised  in  other  conditions  which  are 
supposedly  due  to  overproduction  of  acids  in  the  cells  of  the  tissues.  For  in- 
stance. Wherry-  advised  it  in  cholera,  in  which  disease  its  value  has  been  studied 
and  systematized  to  a  certain  extent  by  Sellards.'  W'oolley*  also  has  suggested 
the  use  of  alkali-salt  solutions  in  insolation  which  is  reasonably  explained  as  an 
acidosis  resulting  from  rapid  metabolism  due  to  heat  retention  in  the  body. 

Evidently  it  is  becoming  more  and  more  apparent  that  many  of  the  con- 
ditions which  we  have  been  wont  to  call  uraemia,  nephritis,  etc.,  are  merely 
(xdemas,  and  that  these  oedemas  are  the  results  of  water  retention  by  the  proto- 
plasm of  organs  which  is  brought  about  by  increased  presence  of  acids,  and 
which  may  be  controlled  (and  which  is  normally  controlled)  by  salts.  If  the 
oedema  is  a  cerebral  one,  uraemia  results ;  if  it  is  renal,  we  speak  of  nephritis. 
These  as  a  rule  are  the  result  of  the  presence  of  abnormal  amounts  of  acids  in 
the  tissues,  or  perhaps,  of  decreased  salts, — at  any  rate,  of  relative  increased  acid 
content.  Alkali  will  help  to  neutralize  the  acid  and  salts  will  dehydrate  the 
protoplasm.  — p,  G.   Ji\ 

^VVoodyatt:      Jour.    A.    M.    A.,    1915    (64)    1811. 

-Wherrv  :       I'orcliheinier'.s    Theraneusis    of    Irt.    D'^ecses,     1912,    Vol.    Iv. 

^Sellards:      Amer.    Tour.    Trop.    Dis.,    1914    (2)    104. 

•l\A',-.^11c,.  •        X-       \'       ATo^l       T„,,,        !,,„„     T!       in  1,1 
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Mutation  in  Bacteria 

AS  Sleeswijk  (W'eichardt's  Ergebnisse,  1914)  points  out,  the  founders  of  the 
science  of  bacteriology  held  widely  divergent  views  concerning  the  mu- 
tability of  bacteria.  Nageli  wrote:  "The  same  species  in  the  course  of  genera- 
tions may  diifer  greatly  both  in  form  and  in  function.  It  may  cause  the  sour- 
ing of  milk,  the  development  of  butyric  acid  in  sauerkraut,  the  ripening  of  wine, 
the  putrefaction  of  proteins,  the  decomposition  of  urea,  the  fermentation  of  car- 
bohydrates, cause  diphtheria,  typhoid  fever,  recurrent  fever,  cholera,  and  ma- 
laria."    This  certainly  would  be  designated  now  as  wholly  untenable. 

At  the  other  extreme  were  the  views  of  Cohn  who  taught  that  identifica- 
tion and  classification  must  be  determined  wholly  by  the  form.  Pasteur,  who 
was  a  chemist  before  he  became  a  bacteriologist,  concerned  himself  but  little 
with  the  morphology  of  the  organisms  which  he  studied,  but  depended  upon  their 
functions.  Koch  whose  dictum  has  largely  dominated  bacteriological  studies  de- 
pended largely  upon  cultural  characteristics  as  shown  in  growths  on  solid  media. 
The  slightest  variation  in  these  has  been  deemed  sufficient  to  proclaim  a  new 
species  or  at  least  a  variety.  At  first  special  stress  was  placed  upon  the  mor- 
pholog}^  of  the  individual  bacterial  cells,  but  soon  it  was  seen  that  pathogenic 
and  saprophytic  bacteria  may  not  be  distinguished  by  form,  while  undoubtedly 
pure  cultures  showed  marked  polymorphism.  Then  attention  was  diverted  to 
the  forms  of  colonies,  but  like  variation  was  soon  evident  in  these. 

In  attempting  a  study  of  mutation  in  bacteria  we  must  distinguish  between 
those  variations  which  are  inherited  and  continued  from  generation  to  genera- 
tion and  those  which  are  only  temporary  and  undoubtedly  due  to  wholly  external 
conditions.  As  an  instance  of  the  latter  we  may  mention  the  frequently  ob- 
served fact  that  of  a  number  of  bouillon  flasks  inoculated  with  the  same  diph- 
theria culture,  some  will  yield  a  rich  toxin  while  others  produce  only  a  little. 
In  this  case  there  is  some  difference  in  the  contents  of  the  flasks.  The  experi- 
menter may  not  be  able  to  determine  what  this  difiference  is.  but  there  can  be 
no  doubt  of  its  existence,  because  bacteria  taken  from  a  flask  in  which  the  pro- 
duction of  toxin  has  been  slight  and  placed  in  another  often  elaborates  a  large 
amount.  Even  more  marked  variations  may  be  due  to  temporary  conditions 
and  should  not  be  regarded  as  mutations.  For  instance',  P)or(lci  and  Gengou 
have  sliown  that  the  bacillus  of  whooping  cough  grows  on  a  specially  prepared 
medium  consisting  of  potato,  blood  and  agar.  It  also  grows  fairly  well  (M1  or- 
dinary agar.  The  growths  on  these  two  media  show  marked  differences.  One 
rrowth  is  kno-.vn  a^-  tlie  "lilood  hacilhis"  and  the  otlcr  as  the  "agar  bacillus"  and 
the  serum  of  an  animal  treated  with  the  "agar  strain"  agglutinates  this  strain. 
but  not  the  "blood  bacillus,''  while  the  serum  of  an  animal  treated  with  the 
"blood  bacillus"  agglutinates  both  strains.  This  dirference.  however,  is  not  in- 
herited and  llie  "agar  bacillus"  when  grown  on  the  medium  containing  blood  be- 
comes the  "blood  bacillus,"  and  vice  versa.  In  other  words,  the  differences  be- 
tween the  two  strains  are  w^holly  determined  by  the  medium  on  which  the  bacil- 
lus is  grown  and  are  not  due  to  anv  ])erniaiK-nt  alteration  in  the  bacterial  cell 
itself. 

The  terms,  variation  and  mutation,  have  been  used  loosely  and  interchange- 
ably.    In  discussing  the  subject  of  mutation  in  bacteria,  T  will  restrict  this  term 
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to  those  changes  in  form  or  function  which  persist  through  one  or  more  gen- 
erations after  the  cause  of  the  alteration  has  ceased  to  operate.  In  other  words, 
mutation,  as  I  will  use  this  term,  means  alteration  in  form  or  fimction  which  is 
inheritable  or  transmissible  to  succeeding  generations.  To  state  it  differently 
still,  it  means  the  Inheritance  of  acquired  characters.  Does  this  occur  in  bac- 
teria and  if  so  what  is  the  mechanism  of  its  development?  These  questions  are 
of  importance  for  the  light  that  they  may  throw  upon  the  inheritance  of  ac- 
quired characters  in  multicellular  organisms  and  for  our  guidance  in  the  study 
of  bacteria  themselves. 

Eisenberg  (A\'eichhardt's  Ergebnisse,  1914)  has  collected  and  discussed  the 
literature  of  this  subject.  I  will  utilize  the  wealth  of  material  which  he  has 
brought  together,  but  will  develop  my  own  conclusions.  Weismann  taught  that 
since  bacteria  multiply  by  fission,  each  descendant  being  half  of  the  parent,  the 
new  generation  cannot  differ  from  the  preceding  and  that  in  unicellular  or- 
ganisms the  inheritance  of  acquired  characters  is  not  possible.  In  short,  there 
can  be  no  acquired  characters,  since  the  descendants  in  each  generation  are 
equal  parts  of  the  parent.  Eisenberg  properly  refuses  to  accept  this  dictum  and 
points  out  that  each  individual  in  the  new  generation  must  construct  half  itself 
out  of  the  medium  in  which  it  lives.  There  must  be  a  chemical  reaction  between 
the  newly-born  bacillus  and  the  constituents  of  the  medium  in  which  it  develops 
its  other  half.  In  this  reaction  is  there  not  the  possibility  of  an  alteration  in 
the  inherited  half?  We  will  suppose  for  instance  that  a  given  strain  of  the 
typhoid  bacillus  has  never  been  grown  in  a  medium  containing  a  given  carbo- 
hydrate, consequently  it  has  never  fed  upon  or  decomposed  that  carbohydrate. 
Now,  plant  it  in  a  medium  containing  this  new  constituent,  it  develops  the 
capability  of  utilizing  or  decomposing  this  substance.  We  can  conceive  of  its 
doing  this  only  through  the  action  of  a  ferment  w^hich  it  has  not  previously 
used.  It  is  true  that  it  may  have  possessed  this  ferment  before  it  had  oppor- 
tunity to  use  it,  but  when  we  find  that  with  each  transplantation  it  acts  more 
energetically  upon  this  carbohydrate,  we  must  admit  that  quantitatively  at  least 
its  function  in  this  direction  has  been  developed.  A  given  bacillus  is  destroyed 
by  a  highly  dilute  solution  of  some  poison,  such  as  arsenic,  mercury  or  quinine, 
but  by  transferring  it  from  still  more  dilute  to  moi'e  concentrated  solutions  it 
finally  becomes  immune  to  this  poison  and  one  hundred  times  the  strength  origi- 
nally fatal  to  the  bacillus  is  now  without  effect.  Does  this  not  mean  the  de- 
velopment of  a  new  character?  Now,  if  the  bacillus  be  grown  through  several 
generations  in  media  free  from  this  poison,  and  then  transferred  to  a  medium 
containing  many  times  the  originally  minimum  fatal  proportion  of  the  poison, 
and  if  it  develops,  does  it  not  show  that  the  acquired  character  has  been  in- 
herited? 

Twort  took  a  strain  of  the  typhoid  bacillus  which  had  no  action  on  lactose 
or  dulcite,  and  after  two  years  of  training  it  acquired  the  property  of  ferment- 
ing these  substances  and  it  retained  this  acquired  function  after  it  had  been 
grown  on  agar  and  passed  through  guinea-pigs.  During  this  time  it  remained 
agglutinable  with  typhoid  serum.  When  grown  on  litmus-lactose  plates  ninety- 
six  per  cent  of  the  colonies  were  red.  Typhoid  bacilli  capable  of  fermenting 
lactose  have  been  found  in  the  stools  of  typhoid  patients.  It  is  probable  that 
this  function  is  acquired  in  the  intestines  of  patients  fed  on  milk.     However,  this 
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function  is  rare  in  typhoid  bacilli  and  there  is  no  reason  for  supposing  that  this 
organism  under  natural  conditions  contains  a  lactose.  Penfold  has  adapted 
typhoid  bacilli  to  growth  on  media  containing  dulcite.  The  first  growths  develop 
traces  of  acid  within  from  five  to  fifteen  days.  After  a  month's  training  abun- 
dant acid  is  developed  within  from  one  to  four  days,  and  after  two  months  the 
amount  of  acid  developed  within  from  one  to  three  days  may  be  sufficient  to 
kill  the  bacilli.  When  this  function  of  fermenting  dulcite  has  been  fully  de- 
veloped, the  bacillus  retains  it  even  after  twenty-five  transplantations  on  media 
free  from  this  substance.  In  like  manner  the  typhoid  bacillus  has  been  trained 
to  ferment  arabinose  and  rhamnose.  Saisawa  found  that  a  strain  which  had 
been  trained  to  ferment  rhamnose  retained  this  function  after  sixty  trans- 
plantations on  agar  free  from  this  substance.  Ordinarily  the  typhoid  bacillus 
decomposes  glycerine  with  the  development  of  acid,  but  in  a  small  milk  epidemic 
Mandelbaum  found  a  strain  which  decomposes  glycerine  with  the  production 
of  alkali.  This  unusual  property  was  retained  throughout  a  year  of  observation 
with  frequent  transplantation.  Otherwise,  in  cultural  properties  this  strain  cor- 
responds with  the  orthodox  bacillus  and  it  agglutinates  with  typhoid  serum.  In 
the  dung  of  the  cows  from  which  the  milk  came  this  strain  was  found  associated 
with  the  typical  typhoid  bacillus,  but  in  the  patients  the  typical  bacillus  could 
not  be  found.  In  the  course  of  two  years,  Haendel  and  Baerthlein  increased  the 
resistance  of  the  typhoid  bacillus  to  quinine  twenty-eight  fold.  It  is  worthy  of 
note  that  in  increasing  the  resistance  of  bacteria  to  poisons  the  progress  is  not 
along  a  uniformly  ascending  line,  but  that  there  are  plateaus  with  no  increase 
followed  by  abrupt  ascents,  such  as  are  observed  in  the  training  of  the  nerve 
cells  of  man.  The  plasticity  of  the  paratyphus  and  Gartner  groups  seems  to  be 
unusually  great  and  many  mutation  types  with  changes  in  both  form  and  func- 
tion have  been  reported.  I  will  refer  to  only  one.  Broddaert  found  that  a 
typical  paratyphus  strain,  shown  to  be  homogeneous,  decreased  in  agglutmation 
to  its  homologous  serum  after  passage  through  one  rabbit,  decreased  more  after 
passage  through  a  second  and  failed  wholly  to  agglutinate  after  passage  through 
a  third,  rabbit.     This  alteration  was  still  in  evidence  after  six  months. 

The  chromogenic  bacteria,  such  as  the  prodigiosus,  are  easily  converted 
into  colorless  growths  by  high  temperature,  the  presence  of  inhibiting  substances 
and  the  exclusion  of  air.  In  some  instances  this  variation  persists  through  many 
generations  after  return  to  usual  conditions.  Whether  such  a  loss  of  function 
■even  when  inheritable,  should  be  regarded  as  a  mutation  is  a  question  about 
which  there  is  marked  difference  of  opinion  among  students  of  this  subject. 
T'or  my  purpose  it  makes  but  little  difference  whether  the  alterntion  manifests 
itself  in  the  acquisition  of  a  new  character  or  the  loss  of  one  hitherto  possessed. 
In  either  case  I  hold  there  is  a  change  in  intramolecular  structure. 

Mutation  has  been  observed  so  frequently  in  the  colon  bacillus  that  sev- 
eral strains  have  been  reported  under  the  name  of  coli  muiahilc.  This  is  easily 
understood  when  we  think  of  the  widely  variable  and  diverse  conditions  under 
which  this  bacillus  develops  in  the  intestines  of  different  species  of  animals  and 
in  different  individuals  of  the  same  species.  In  many  gastro-intestinal  disturb- 
ances the  stools  are  found  to  contain  colon  bacilli  which  differ  from  those  of 
normal  stools  in  one  or  more  characteristics.  These  departures  from  the  usual 
mav  be  manifested  in  form,  in  virulence,  in  fermentative  activitv.  and  in  motil- 
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ity.  These  unusual  characters  often  persist  through  many  generations  of  growth 
on  ordinary  culture  media.  Such  mutations  have  been  observed  by  Massini, 
Burk,  Muller,  Penfold,  and  others. 

The  relation  between  diphtheria  and  pseudodiphtheria  bacilli  has  n(jt  been 
conclusively  shown.  Fox  (Jour.  Med.  Research,  xxxii,  309,  1915)  has  reviewed 
this  subject  and  concludes  that  there  is  no  proof  that  a  mutation  has  been  se- 
cured artificially,  but  there  is  reason  to  believe  that  diphtheria  bacilli  in  the  ani- 
mal body  become  atypical,  lose  in  virulence,  and  vary  in  form  and  cultural 
properties.  The  diphtheria  bacillus  ferments  glucose,  maltose  and  dextrine  but 
never  saccharose;  the  pseudobacillus  ferments  saccharose,  maltose  and  dextrine. 
The  former  varies  widely  in  virulence  and  may  be  avirulent ;  the  latter  is  only 
slightly  virulent,  though  it  may  cause  endocarditis,  angina  and  otitis.  Romer 
(Ber.  klin.  Wochenschft,  1914.  503)  starting  with  typical  diphtheria  strains, 
believes  that  he  has  secured  transition  forms  by  frequent  passage  through  guinea- 
pigs.  This  supports  the  older  findings  of  Bernhardt  and  Paneth.  Many  in- 
vestigators agree  that  atypical  forms  are  often  present  in  tlie  blood  and  urine  of 
those  ill  with  or  convalescing  from  diphtheria.  Trautmann  and  Gatigens  took 
a  typical  ps£udodiphtheria  bacillus,  which  they  found  in  the  nasal  secretion  of 
a  child  sick  with  diphtheria  and  claim  that  they  converted  it  into  a  typical  diph- 
theria bacillus.  This  is  important  if  true,  because  while  the  conversion  of  a 
diphtheria  bacillus  into  a  pseudoorganism  may  be  regarded  as  a  degenerative 
change,  the  reverse  cannot  be  so  considered. 

Probably  the  most  notable  and  striking  demonstration  of  mutation  in  bac- 
teria is  seen  in  the  work  of  Rosenow^  (Journ.  of  Infectious  Diseases,  xiv,  1, 
1914),  who  has  converted  hemolytic  streptococci  from  a  wide  range  of  sources, 
such  as  erysipelas,  scarlet  fever,  puerperal  fever,  arthritis,  tonsillitis,  cow's  milk, 
etc.,  into  strp.  viridans,  strp.  mucosus.  and  typical  pseudopneumococci ;  strp.  viri- 
dans  into  strp.  mucosus,  strp.  hemolyticus  and  strp.  rheumaticus ;  strp.  mucosus 
into  strp.  viridans  and  strp.  hemolyticus ;  strp.  rheumaticus  into  strp.  viridans  and 
pneumococci.  "In  order  to  meet  the  objections  that  even  though  every  ordi- 
nary precaution  was  taken  to  obtain  pure  cultures.  I  was  working  with  mixtures 
whenever  mutation  w^as  observed,  cultures  of  each  main  variety  were  obtained 
from  single  organisms  by  the  Barber  method.  The  same  results  w^ere  obtained 
with  three  of  these  pure  line  cultures  of  hemolytic  streptococci,  six  of  strp.  vir- 
idans, and  two  each  of  strp.  mucosus  and  pneumococcus.  Hence  the  changes 
observed  are  not  due  to  mixtures  or  to  so-called  'mass  selection'  but  to  actual 
changes  wrought  under  the  influence  of  changed  environment.  The  transforma- 
tion of  some  of  the  strains  has  been  found  to  be  complete  by  eveiy  test  known. 
Thus,  the  morphology,  the  presence  of  capsule,  the  fermentation  process,  the 
solubility  or  insolubility  in  bile,  and  in  salt  solution,  the  behavior  toward  the  re- 
spective broth  culture  filtration  (Marmorek's  test),  the  specific  immunity 
response,  as  manifest  by  the  production  of  opsonin  and  agglutination  by  anti- 
pneumococcus  and  antistreptococcus  serum,  and  the  more  or  less  specific  patho- 
genic powers  have  been  studied.  Strains  that  corresponded  to  hemolytic  strep- 
tococci have  been  converted  into  typical  pneumococci  as  determined  by  all  the 
above  tests  and  vice  versa.  The  changes  observed  have  frequently  the  char- 
acteristics of  true  mutations  because  they  appear  suddenly,  under  conditions 
more  or  less  obscure  and  because  the  newly-acquired  properties  persist  unless 
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the  organisms  are  again  placed  under  special  conditions.  A  pre-mutational  stage 
seems  to  be  necessary  because  the  same  strain  will  not  yield  mutants  when  placed 
vmder  what  seem  to  be  identical  conditions  at  different  times.  The  underlying 
conditions  which  tend  most  to  call  forth  changes  are,  first  favorable  conditions 
for  luxuriant  growth  and  then  under  unfavorable  conditions — under  stress  or 
strain.  These  seem  to  cah  forth  new  or  latent  energies  which  were  previously 
not  manifest  and  which  now  have  gained  the  ascendency  and  tend  to  persist. 
This  fact  makes  it  difficuh  to  obtain  mutations  outside  of  the  body  with  highly 
virulent  strains,  because  they  die  before  there  is  opportunity  for  the  organisms 
to  adjust  themselves  to  the  new  conditions.  It  explains  also  why  injection  into 
cavities  makes  for  greater  changes  than  intravenous  injections  of  moderately 
virulent  organisms.  Apparent  mutations  in  anim„als  have  been  observed  almost 
exclusively  in  closed  cavities  such  as  joints  and  pericardium,  and  here  mostly 
when  the  tissues  of  the  host  were  gradually  getting  the  upper  hand  and  the  or- 
ganisms were  being  destroyed.  The  mutations  in  vitro  mav  be  spoken  of  as 
retrogressive  and  those  observed  in  animals  as  progressive  because  in  the  former, 
virulence,  fermentation  powders  and  other  evidences  of  a  vigorous  vegetative 
life  are  diminished,  whereas  in  the  latter  they  are  usually  increased." 

Evidence  of  mutation  in  bacteria  might  be  multiplied  many  times.  It  is 
shown  in  changes  in  form,  in  capsule  formation,  in  the  production  of  spores,  in 
alteration  in  virulence,  etc.,  but  I  think  that  I  have  collected  enough  data  to  con- 
clusively show  that  in  bacteria  acquired  characters  are  in  part  at  least  inherit- 
able. The  mechanism  of  this  will  be  discussed  in  a  subsequent  number  of  this 
journal.  ■ — V.  C.   V. 


Etiology  of  Hodgkms  Disease 

O.VE  of  the  difficult  problems  for  bacteriologists  in  the  last  two  years  !ias 
been  that  of  passing  judgment  on  the  etiological  relationship  between  the 
diphtheroid  organism,  first  cultivated  by  Negri  and  Micremet  in  Europe,  and 
very  soon  afterward  in  this  country  by  Bunting  and  ^'ates,  from  Hodgkin's 
disease.  Fraenkel  and  Much  had  described  small  rod-shaped  gr-innles  or  "splin- 
ters" morphologically  found  hi  the  material  obtained  from  Hodgkm's  glands  in 
12  out  of  13  cases  after  treatment  with  anliformin.  1'iiesc  fir>^t  observers  be- 
lieved their  rods  to  be  closely  related  to  or  possibly  deri\-ati\cs  ol  Inbercle  bacil- 
li. Negri  and  Mieremel,'  in  cultural  studies  of  similar  glands,  obtained  diph- 
theroid rods,  on  special  media,  under  acroliic  conditions,  which  suggested  to 
them  etiological  relationshi]^  since,  of  course,  lor  many  years  the  infect "ous  na- 
ture of  Hodgkin's  disease  had  been  suspected.  Ihinling  and  Vates'"  in  1913  pub- 
lished a  preliminary  note  in  the  Arcliivcs  of  htU'nuil  Mrdiciiir  in  which  they 
announced  the  cultivation  of  a  pleoniorpliic  diphtheroid  obtained  on  Dorset's 
egg  medium  and  on  glycerine  phosphate  agar.  Eater  it  grew  on  "oidinary  agar'" 
and  could  be  cultivated  aerol)ically  or  anaerobically.  In  sonv,'  of  their  tubc^ 
there  was  associated  with  this  organism  a  wiiite  slai)hylococcus.  They  mention 
another  case  ..btained  througli   Dr.   Iv  C.    Koscnow    in   wliich  the  cultivation  was 

'Negvi    aii.l    MiiTcniet:      Centrallilatt    f.    UnlU.,   ori«.    vd.    oS.    191.1,    P-    -''-• 
=BuntinK    and    Vates:      Archives    Internal      Me<l..    \>'l.     1 -\    l''l3.    !>•    -30. 
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carried  out  on  Loeffler's  medium.  Bunting  and  Yates^  immediately  extended 
their  observations  by  animal  experiment,  and  reported  in  the  same  year  that 
by  repeated  injections  of  these  cultures  into  the  right  axilla  of  a  mtjnkey  they 
were  successful  in  producing  progressive  enlargement  of  the  axillary  lymph- 
nodes.  The  histology  of  the  nodes  was  "characteristic  of  the  early  stages  of 
Hodgkin's  disease,"  as  was  the  blood  picture  of  the  monkey.  In  the  year  fol- 
lowing they  report*  that  the  histological  picture  of  glands  taken  three  months 
after  the  inoculation  of  the  monkey  "leaves  no  question  as  to  the  relation  of 
the  lesion  to  that  of  human  Hodgkin's."  They  also  reported  that  they  could 
artificially  increase  the  virulence  of  the  organism  obtained  by  them. 

Meanwhile  the  study  of  these  organisms  had  also  been  taken  up  by  Rose- 
now,  and  Billings  and  Rosenow^'  in  1913  reported  on  their  study  of  12  cases  in 
which  they  obtained  organisms  which  corresponded  with  those  of  Bunting  and 
Yates  and  that  of  Negri  and  Mieremet.  In  all  but  three  cases  other  organisms 
were  associated  with  the  diphtheroids.  Incidentally  in  this  paper  of  Billings 
and  Rosenow  there  is  recorded  an  observation  startling  to  the  general  bacter- 
iologist in  view  of  the  authoritative  position  of  the  writers,  since  it  records  a 
very  striking  instance  of  bacterial  mutation  from  the  bacillus  to  the  coccus  form 
which  tends  to  shake  the  long  established  belief  in  the  stability  of  morphological 
type  in  the  kingdom  of  bacteria.  They  state  that  single  colonies  on  dextrose 
agar  which  showed  bacilli  only  in  smears  yielded  in  sub-culture  a  pure  culture 
of  staphylococcus  aerobically,  and  forms  of  the  bacillus  either  pure  or  in  mix- 
ture anaerobically  on  the  same  medium.  "These  facts,"  they  say,  "suggest 
strongly  that  the  associated  staphylococcus  is  derived  from  the  bacillus."  This 
in  itself,  if  upheld,  would  constitute  a  most  important  bacteriological  discovery. 
It  would  seem  that  further  study  on  this  point  should  be  made  either  by  the 
writers  or  others  because  of  the  entirely  new  possibility  infused  into  bacteriolog- 
ical work  and  current  opinions  thereby.  Vaccine  treatment  by  these  authors  ap- 
parently yielded  favorable  results.  In  6  cases  there  was  uniform  and  rapid  de- 
crease of  the  size  of  the  glands,  "one  of  these."  they  state,  "without  Roentgen 
treatment."  Billings  and  Rosenow  do  not  feel  absolutely  convinced  apparently 
since  they  felt  unjustified  at  the  time  of  w^riting  in  omitting  Roentgen  therapy 
in  their  cases.  They  suggest  that  if  finally  the  microorganism  isolated  from 
the  lymphnode  is  found  to  be  the  cause  of  Hodgkin's  disease  the  use  of  specific 
vaccines  without  other  treatment  might  become  a  proper  form  of  treatment. 
Bunting  and  Yates  in  the  following  year  feel  more  positive.  They  state  their 
belief  as  follows:  "Since  our  experiments  demonstrate  that  ihe  diphtheroid 
organism  is  pathogenic  for  the  monkey,  that  it  produces  a  progressive  enlarge- 
ment of  the  lymphnodes  with  lesions  similar  to  those  of  Hodgkin's  in  man,  and 
further  that  the  blood  changes  in  the  monkey  are  similar  to  those  in  man,  we 
feel  fully  assured  of  the  etiological  relationship  of  the  diphtheroid  organism 
(bacterium  Hodgkini)  to  Hodgkin's  disease."  These  results  are,  of  course,  of 
the  most  vital  importance  and  if  upheld  would  constitute  a  notable  achievement 
in  medicine. 

The  great  importance  of  these  communications  has  led   to  a  considerable 

'Bunting   and    Yates:      Jour.    Amer.    Med.    Assn.,   vol.    61,    1913,   p.    1803. 
"Runting   and   Yates:      Jour.    Amer.    Med.    Assn.,   vol.    62,    1914.    p.    516. 
^Billings    and    Rosenow:      Jour.    Amer.    Med.    Assn.,    vol.    61,    1913,    p.    2122. 
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amount  of  work  within  the  last  two  years.  Lanford*^  isolated  diphtheroids  from 
Hodgkin's  glands,  from  tuberculous  glands,  and  from  lymphosarcoma.  Steele" 
in  1914  obtained  such  organisms  from  a  case  of  lymphatic  leukemia.  Rosenow'^ 
himself  in  the  same  year  in  a  study  on  the  isolation  of  bacteria  from  tissues, 
reported  the  finding  of  diphtheroid-like  organisms  from  the  blood  in  the  febrile 
period  of  four  cases  of  Hodgkin's  disease,  but  also  the  finding  of  similar  or- 
ganisms from  the  blood  as  from  the  nodes  in  two  or  three  cases  of  erytheme 
nodosum.  He  also  obtained  diphtheroid  organisms  from  the  blood  in  4  cases 
of  infections  resembling  rheumatism.  He  adds  here  that  "a  diphtheroid  bacil- 
lus showing  a  wide  range  of  preference  for  oxygen  in  the  different  cases  has 
been  cultivated  in  from  some  40  odd  cases  of  Hodgkin's  disease."  Summariz- 
ing his  work,  Rosenow  expresses  himself  strongly  in  favor  of  etiological  re- 
lationship between  the  diphtheroid  organisms  and  Hodgkin's  disease,  but  adds 
the  saving  clause  that  "the  fact  that  other  organisms  are  commonly  found  also 
and  that  diphtheroid  bacilli  indistinguishable  from  some  of  the  strains  from 
Hodgkin's  disease  are  found  in  many  other  conditions  compels  one  to  wait  for 
more  experimental  evidence  before  concluding  that  these  bacilli  are  the  real 
cause  of  Hodgkin's  disease."  Of  great  interest,  therefore,  are  the  recent  studies 
of  Rhea  and  Falconer,^  of  Bloomfield,"  and  of  Fox.^^  Rhea  and  Falconer  ob- 
tained a  diphtheroid  organism  from  Hodgkin's.  but  up  to  the  time  of  writing 
obtained  no  results  in  monkey  inoculation.  Bloomfield  made  a  careful  bacter- 
iological study  of  the  contents  of  normal  and  diseased  glands.  He  studied 
glands  from  a  number  of  different  conditions  including  Hodgkin's  disease,  sar- 
coma, and  arthritis,  and  found  that  although  bacteria  were  more  common  in 
the  diseased  ones  he  could  also  obtain  bacteria  from  2  out  of  7  normal  glands. 
He  obtained  a  type  of  small  gram-positive  bacillus  roughly  corresponding  1o 
the  diphtheroid  described  by  others,  in  4  cases  of  carcinoma  glands,  in  2  of 
Hodgkin's,  in  2  of  lymphosarcoma  and  in  2  of  arthritis.  In  4  other  cases  he 
obtained  cocci.  Since  some  of  the  organisms  he  isolated  corresponded  to  the 
saprophytes  normally  found  on  the  surface  of  the  body,  he  concludes  that  it  is 
not  impossible  that  the  lymphatic  glands  may  occasionally  filter  out  such  micro- 
organisms, or  that  possibly  there  mav  even  be  a  saprophytic  flora  which  is  com- 
monly found  in  lymph  glands  without  being  associated  witli  disease.  His  facts 
as  well  as  those  of  Rosenow's  study  would  seem  to  indicate  rather  more  def- 
initely that  we  may  be  dealing  with  some  such  condition  as  that  described  by 
Adami  as  sub-infection,  i.  e..  the  presence  of  microorganisms  in  the  circulation 
and  tissues  without  causing  any  acute  illness,  than  that  we  attribute  definite 
etiological  relationship  with  any  disease  to  organisms  cultivated  from  diseased 
Ij'^mphnodes. 

Fox  has  compared  many  'liphtheroid  organisms,  ol)taincd  by  himself  and 
sent  to  him  by  others,  by  extensive  morphological  and  cultural  i  xpcriments. 
He  sums  up  by  saying  that  "diphtheroid  rods  may  be  isolated  from  Hodgkin's 
disease  and  other  adenopathies,  but  there  is  no  uniformity  in  biolog>'  nnd  mor- 
phology among  strains  isolated  by  three  observers  from  clinical  and  pathological 
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Hodgkin's  disease.''  Diphtheroid  rods  similar  in  biology  and  moiphology  to 
these  are  found  in  Hodgkin's  disease,  in  cases  of  chronic  atrophic  arthritis  and 
other  conditions.  He  concludes  that  "more  facts  are  demanded  to  show  the 
exact  relation  of  the  diphtheroids  to  Hodgkin's  disease."  He  obtained  no  favor- 
able results  with  vaccination;  Bloomfield's  experience  in  this  respect  was  that 
autogenous  vaccination  seemed  to  have  no  effect  whatever,  either  beneficial  or 
harmful. 

Reviewing  critically  then  the  present  status  of  the  bacterial  etiology  of 
Hodgkin's  disease,  we  do  not  feel  that  acceptance  of  the  diphtheroid  organisms 
as  the  etiological  factor  is  as  yet  justified.  In  fact,  were  it  not  for  the  definite 
conviction  based  on  histological  study  especially  of  such  an  experienced  path- 
ologist as  Bunting,  we  would  summarize  the  bacteriological  evidence  as  render- 
ing such  etiological  relationship  unlikely.  — H.  Z. 


Transmission  of  Pneumonia 

IT  may  be  remembered  by  older  physicians  that  some  of  the  European  clin- 
icians of  the  preceding  generation,  notably  Johanessen.  on  purely  clinical 
evidence  advocated  the  isolation  of  pneumonia  in  consideration  of  the  possibility 
that  the  disease  may  be  transmitted  from  one  person  to  another.  The  frequency 
with  which  pneum.ococci  have  been  found  in  the  mouths  of  normal  individuals 
has  until  ver}'  recently  seemed  to  preclude  such  a  possibility,  it  seeming  more 
likely  that  the  infection  might  proceed  from  the  patient's  own  mouth  flora  un- 
der conditions  of  depression  of  resistance  or  other  localized  vascular  changes 
that  favored  the  penetration  of  the  pneumococcus  into  the  lung.  The  studies 
of  the  last  few  years  which  have  shown  that  pneumococci,  though  superficially 
alike,  may  nevertheless  be  separated,  by  agglutination  reactions  and  protection 
experiments  on  mice,  into  a  number  of  dififerent  types  have  made  possible  a  re- 
turn to  the  earlier  point  of  view.  It  has  been  pointed  out  by  these  studies  that 
the  first  three  groups  are  disease-producing  and  give  rise  to  three-quarters  of 
all  cases  of  lobar  pneumonia.  A  fourth  group,  which  is  responsible  for  about 
one-quarter  of  pneumonia,  are  not  easily  distinguished  from  those  normally 
found  in  human  mouths.  The  other  three,  however,  are  easy  to  distinguish 
from  the  relatively  non-virulent  ones  habitually  inhabiting  the  mouth  and 
pharynx.  The  highly  virulent  forms,  moreover,  of  the  first  three  groups,  seem 
to  grow  in  normal  mouths  only  under  special  conditions.  Dochez  and  Avery^ 
have  found  in  pneumococcus  infections  with  type  I  and  type  II  the  same  micro- 
organisms may  appear  in  the  mouths  of  members  of  the  family  or  nurses  in 
close  attendance  upon  the  cases.  Such  attendants  may  be  "carriers"  of  this 
type  for  periods  as  long  as  39  days,  the  average,  however,  being  less  than  this. 
Patients  recovering  from  pneumonia  may  harbor  the  organisms  for  consider- 
able periods,  varying  in  these  studies  from  12  to  90  days  counted  from  the  on- 
set of  the  pneumonia.  It  is  pointed  out  that  both  the  healthy  carrier  who  has 
obtained  his  organism  from  the  case  and  the  patient  himself  after  recover}-, 
may  be  active  carriers  of  virulent  pneumococci.     Inasmuch  as  these  pneumococ- 

'Dochez   and   Avery:      Journal   of   Exper.    Med.,   vol.    22    (No.    1),    1915,   p.    105. 
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ci  are  distinctly  different  from  those  found  in  the  mouth  normally,  it  is  not  at 
all  unlikely  that  pneumonia  may,  like  typhoid,  diphtheria,  and  some  other  infec- 
tions, be  transmitted  from  person  to  person,  at  least  insofar  as  the  passing  of 
the  specifically  virulent  pneumococcus  strain  is  concerned,  this  giving  rise  to 
the  actual  disease  only  in  cases  in  which  such  transmission  is  coincident  with 
physiological  depression  favoring  the  development  of  the  infection. 

—H.  Z. 


Angina  Pectoris 

SINCE  the  time  when  Jenner  bet  that  a  certain  case  of  angina  pectoris  would 
show  coronary  sclerosis  at  autopsy, — and  won,  his  belief  that  the  disease 
was  an  expression  of  arteriosclerosis  affecting  the  coronary  arteries  of  the  heart 
has  been  shared  by  very  many  physicians.  It  is  believed  that  under  such  con- 
ditions of  vascular  sclerosis,  the  heart  muscles  receive  barely  enough  blood  for 
its  customary  needs  but  is  immediately  embarrassed  when  extraordinary  de- 
mands are  made  upon  it,  and  it  becomes  locally  anemic,  and  probably  dilated, 
and  pain  results,  exactly  as  it  does  in  intermittent  claudication,  with  which  con- 
dition angina  pectoris  was  compared  by  Potani  in  1870.  There  are,  however, 
too  many  instances  in  which  no  coronary  sclerosis  could  be  demonstrated  to 
say  that  it  is  the  sole  cause  of  the  complex.  It  has  been  found  associated  with 
acute  dilatation  of  the  heart,  in  which  condition  it  is  said  that  pain  results  from 
strain  put  upon  the  visceral  nerves  of  that  organ.  It  has  also  been  found  in  as- 
sociation with  neuritis  of  the  cardiac  nerves ;  with  vaso-motor  conditions  which 
have  produced  transient  cardiac  conditions  analogous  to  those  caused  by  coro- 
nary sclerosis,  and  with  neuralgias. 

Hirschfelder^  gives  the  following  tabulation  of  the  conditions  most  fre- 
quently encountered  in  association  with  angina  pectoris : 

I.  Organic  lesions. 

A.  Coronary   sclerosis. 

B.  Aneurism,  especially  of  the  first  part  of  the  ascendini;  aorta, 

and  of  the   sinuses  of  Valsalva. 

C.  Valvular    lesions,    especially    aortic    insufficiency. 

D.  Adherent   pericardium. 

II.  Vasomotor  anginas. 

A.  Hysterical. 

B.  Toxic,   especially   tobacco,   and   catTcinc. 

C.  Those    associated    with    hyperthyroidism    and    exophthalmic 

goitre. 

III.  Anginoid   pains   occur   in    cases    of    acute     cardiac     dilatation     ol 

healthy  heart,  as  a  result  of  primary  cardiac  overstrain. 

If  one  considers  only  the  anatomical  lesions  which  are  associated  with 
cardiac  angina,  one  sees  at  once  that  they  may  be  grouped  as  of  fundamentally 
arteriosclerotic  and  as  dilatations. 

Vaquez,  in  a  recent  article,-'  discusses  the  subject  of  angina  pectoris  and 
comes  to  the  concktsion  tliat  there  are  two  main  types  of  the  disease,  one  arterial 
which  results  from  aortitis,  and  one  cardiac  which  results  from  dilatation.  He 
then  goes  further  and  states  his  belief  that  both  are  symptoms  caused  by  dilata- 

^Hirschfelder:       Diseases    of    the    Heart    and    Aorta.    I"^!.^.    p.    i/A. 
=Vaquez:      Archives   des    Maladies    du    Coeur,    1915    (8)    45. 
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tion;  the  one  of  the  aorta,  the  other  of  the  heart.  He  calls  attention  to  the 
fallacy  of  the  statistical  method  upon  which  the  coronary  theory  is  partially 
based,  and  upon  the  anatomical  data  which  have  been  used  to  substantiate  it, 
for  he  says  not  only  is  the  percentage  of  cases  of  true  angina  associated  with 
coronary  sclerosis  too  few,  but  that  a  large  percentage  of  cases  of  coronary 
sclerosis,  which  have  no  pain,  and  also  there  are  not  a  few  cases  of  typical 
angina  in  which  the  coronaries  are  normal.  Furthermore  it  is  known  from  ex- 
perimental work  that  obstruction  of  the  coronary  circulation  leads  to  profound 
modifications  of  cardiac  rhythm,  and  these  do  not  occur  in  the  active  type  of 
angina  pectoris.  He  therefore  concludes  that  when  coronary  sclerosis  occurs  in 
angina  pectoris,  it  is  merely  an  epiphenomenon  which  indicates  the  location  and 
type  of  arterial  conditions  which  is  more  probably  causal  in  its  relation  to  the 
disease.  He  calls  attention  to  the  fact  that  nowhere  are  the  filaments  of  the 
cardiac  plexus  as  abundant  as  about  the  origins  of  the  aorta  and  of  the  corona- 
ries. In  diseased  conditions  of  the  aorta,  such  as  fibrosis  and  lack  of  elasticity, 
any  strain  which  tends  to  dilate  the  aorta  stimulates  these  nerves  and  results  in 
pain, — in  "the  angina  which  is  the  cr)^  of  sulifering  of  the  sick  aorta."  To  ac- 
count for  the  pain  of  dilatation,  Vaquez  says  that  the  sudden  dilatation  of  the 
•heart  places  a  strain,  which  acts  as  an  irritant  upon  the  myocardial  branches  of 
the  cardiac  plexus.  He  disposes  of  MacKenzie's  theory  of  cardiac  exhaustion 
by  calling  attention  to  the  fact  that  while  there  is  a  grain  of  truth  in  it  (because 
perhaps  cardiac  dilatation  is  a  sequel  of  myocardial  fatigue)  there  is  also  a  fal- 
lacy, based  upon  the  observation  in  cases  of  angina  of  arrhythmia  with  alternat- 
ing pulse,  and  a  sudden  great  fall  of  blood  pressure,  both  of  which  are  well 
known  symptoms  of  myocardial  weakness.  The  difficulty  is  that  while  both  may 
occur  in  angina  by  ventricular  dilatation,  in  which  they  invariably  follow  the 
pain,  never  precede  it,  they  are  as  a  rule  absent  in  the  aortitic  form. 

There  is  much  of  value  in  this  communication  of  Vaquez,  but  one  great 
value  is  that  it  tends  to  simplify  a  subject  which  has  shown  a  tendency  to  be- 
come too  complicated.  • — P.   G.   W. 
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GUMMA  OF  THE   PITUITARY  ASSOCIATED  WITH  LESIONS  IN  THE 

SPINAL  CORD   WHICH   MAY  REPRESENT  EARLY 

LESIONS   OF   SYRINGOMYELIA* 


By  Paul  G.  Woolley,  M.D.,  Cixcinnatt,  Ohio. 


IN  the  case  which  I  shall  report,  two  interesting  lesions  were  found ;  one,  a 
gumma  of  the  pituitary,  the  other,  a  condition  which  possibly  represents 
an  early  stage  of  syringomyelia.  It  is  reported  first  because  of  the  infrequence 
of  both  lesions,  and  second  because  of  the  interest  that  attaches,  always,  to 
early  stages  of  processes  which  lead  to  clinical  complexes.  I  regret  the  brevity 
of  the  history.  It  is  possible  that,  under  other  circumstances,  a  more  complete 
one  could  have  been  obtained,  and  it  is  possible  also  that  some  symptoms  might 
have  been  discovered  which  could  have  been  of  interest  in  connection  with  the 
lesions. 

The  patient  was  one  R.  B.,  a  colored  male,  aged  52.  He  was  admitted  to 
the  Cincinnati  General  Hospital  (No.  190,172)  on  December  7,  1914,  when  he 
offered  the  complaint  of  pain  in  the  stomach  and  sore  throat.  The  family  his- 
tory was  not  taken.  In  childhood  he  had  had  measles  and  niumi)s  ;  in  his  adult 
3'ears  he  had  contracted  typhoid,  pneumonia,  influenza,  gonorrhea  and  syphilis. 
He  had  been  an  excessive  smoker,  but  denied  alcohol  and  other  drugs. 

The  illness  which  resulted  in  his  application  for  admission  to  the  hospital 
begaji,  he  said,  about  three  weeks  before  admission  (November  15.  1914).  at 
which  time,  he  said,  he  had  pain  in  the  stomach  accompanied  b\-  Noiniting.  At 
that  time  he  had  a  sore  area  on  his  right  leg  about  the  ankle.  He  also  had  a 
"lesion"  on  the  soft  i)alate.  He  "did  not  speak  plain."  'Phe  occipital  region 
of  the  scalp  was  normal.     While  in  the  ward  he  had  a  good  appetilo. 

That  is  the  extent  of  the  history.  There  was  no  note  of  any  symptoms 
nor  of  any  treatment.     No  clinical  diagnosis  was  made. 

The  patient  died  eight  da}s  after  admission  (December  15.  1*)14),  and  the 
post  mortem  was  made  eighteen  hours  after  deatli.  The  weather  was  cold,  and 
the  body  remained  in  a  good  state  of  preservation. 

*From  the  Mary  M.  Ivmery  Lahoiiitdi  y  of  I'atluilo>ry  ol  the  I'liiversity  of  Citiciiin.iti  ami  the 
Patliologic    Institute    of    the    Cincinnati    Ceneral    Hc^pital. 
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The  following  is  the  autopsy  protocol: 

The  body  was  that  of  a  colored  man  of  apparently  about  55  years  of  age. 
It  weighed  about  160  pounds  and  was  in  a  good  condition  of  nutrition.  There 
were  some  old,  irregular,  partially  healed,  sluggish,  ulcerated  patches  on  the 
right  shin  near  the  ankle.  The  scalp  was  the  seat  of  a  generalized  alopecia,  so 
that  it  was  almost  completely  bald.  The  skin  of  the  areas  of  alopecia  was 
white,  pearly  or  opalescent  in  appearance  and  diffusely  thickened.  The  pupils 
were  equal,  and  neither  dilated  nor  contracted.  There  was  no  edema  of  the 
legs.  The  peripheral  lymph  glands  were  not  noticeably  enlarged,  though  shotty 
to  the  touch. 

When  the  scalp  was  stripped  from  the  calvarium,  an  abundant  serous  fluid 
ran  from  the  vascular  foramina  of  the  bones,  and  when  the  skull-cap  was  re- 
moved it  was  found  that  the  dura  and  the  membranes  beneath  it  were  filled  with 
an  extraordinary  amount  of  a  clear  serous  fluid.  The  dura  was  congested,  the 
pia  was  not,  but  tlie  latter  was  so  saturated  with  fluid  that,  after  removal  of 
the  dura,  it  stood  up  in  blebs.  There  were  no  unusual  adhesions  between  the 
membranes.  The  \enous  sinuses  were  not  distended  with  blond.  The  convo- 
lutions were  rather  flat.  The  whole  brain  was  pale,  and  showed  no  evident  in- 
crease in  consistency.  It  was  placed  at  once  in  ten  per  cent  formalin.  Later 
it  was  examined  and  showed  nothing  macroscopically  wrong,  except  that  the 
pia  was  more  than  normally  adherent.  The  falx  was  almost  completely  ossi- 
fied from  about  the  middle  of  the  median  fissure  to  the  crista.  The  ventricles 
were  not  dilated.  The  chorioid  plexuses  appeared  healthy.  The  sinuses  were 
patent  but  about  them  the  dura  was  thickened. 

The  same  condition,  which  was  noticed  in  the  membranes  of  the  brain, 
existed  also  in  those  of  the  cord,  i.  e.,  a  tremendous  edema.  The  cord  was  fixed 
in  formalin  and  later  was  examined.  It  then  appeared  that  the  meninges  were 
more  than  usually  adherent  and  that  in  the  pia  here  and  there  were  spicules 
and  platelets  of  bony  material.  There  were  no  distinct  macroscopic  lesions  in 
•the  cord. 

The  pituitary  gland  was  removed  and  during  this  operation,  which  was 
difficult  because  of  adhesions  about  it,  it  ruptured  and  disclosed  a  thick,  yellow- 
ish, almost  caseous  material,  which  seemed  to  involve  almost  all  of  the  organ, 
which  w^as  finally  removed  together  with  part  of  the  sellar  bone. 

When  the  thorax  was  opened,  the  lungs  did  not  collapse  because  of  the 
presence  of  old  bilateral  adhesions.  On  the  left  side  these  adhesions  were 
mostly  apical  and  posterolateral.  On  the  right,  they  were  general.  On  both 
sides  the  lobes  were  adherent  by  old  adhesions.  There  was  no  fluid  in  the  pleu- 
ral cavity.  The  thyroid  was  apparently  normal.  The  thymus  was  atrophic. 
The  bronchial  glands  were  enlarged,  succulent,  deeply  pigmented  and  edema- 
tous. The  mediastinal  tissues  generally  were  edematous.  Section  of  the  lungs 
showed  no  apparent  abnormality  save  a  more  or  less  generalized  fibrosis,  local- 
ized chiefly  under  the  pleura. 

The  heart  and  thoracic  aorta  were  removed  en  masse.  The  heart  itself 
was  atrophic  and  beneath  the  epicardium  was  a  considerable  increase  in  fat. 
The  cavities  were  filled  with  a  clotted,  red,  friable  mass ;  the  valves  were  ap- 
parently normal.  The  aorta  was  the  seat  of  a  well  marked  syphilitic  aortitis 
in  all  stages  of  progress,  from  the  early  succulent  pearly  condition  to  a  very- 
distinct  atheroma  with  calcification  in  placques.     In  the  ascending  aorta,  about 
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Fig.    1. — A   portion   of  the   gummatous   lesion   in  the   pituitary,    showing   also   a    remnant   of  pituitary 
gland,    and    a    small    miliary    gumma.       (By    Dr.    Charles    Goosmann.) 
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Fig.    2. — A    section    of    the    cervical    coi'l    ;...:.„    .ii'    area    of    necrosis    which    has    apparently    oc- 
curred   in   a   luetic    focus.      (By   Dr.    Charles   Goosmann.) 
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half  way  between  the  valves  and  the  arch,  was  a  saccular  aneurysm,  incomplete 
in  form,  which  projected  posteriorly  and  mesially,  pressing  upon  the  j^ulmonary 
artery  which  was  bulged  inwardly.  This  sac  was  about  the  size  of  half  a 
hen's  tgg.  Just  beneath  it  was  a  smaller  and  more  .incomplete  projection  repre- 
senting also  an  imperfect  aneurysm.  Upon  the  edges  of  the  larger  sac  and  also 
upon  the  edges  of  occasional  atheromatous  areas  were  masses  of  fine  recent 
vegetations. 

As  one  passed  down  the  aorta,  the  atheromatous  process  became  less  well 
marked  until  in  the  abdominal  aorta  it  was  almost  absent, — there  being  repre- 
sented merely  by  some  fatty  degeneration  in  the  intima.  The  process  was,  then, 
limited  chiefly  to  the  arch  of  the  aorta  and  to  the  ascending  portion.  The 
sinuses  of  Valsalva  were  not  involved  to  any  considerable  extent.  The  celiac 
axis  and  its  branches  were  involved  in  the  arteriosclerotic  process  and  the  renals 
also  were  involved  to  a  less  extent.  The  myocardium  was  pale  and  rather  thin, 
particularly   at   the   apex.      The   coronary   vessels   were    slightly   sclerotic. 

The  kidneys  were  small — each  weighed  100  grams.  They  were  pale,  the 
capsules  were  adherent,  the  surfaces  were  roughened.  The  cortices  were  thin ; 
the  line  of  demarcation  between  the  cortex  and  medulla  was  distinct ;  the  glom- 
eruli could  be  seen  as  small,  glistening,  translucent  points  and  were  not  con- 
gested. There  was  a  slight  increase  in  renal  pelvic  fat.  The  ureters  were  ap- 
parently normal.  The  suprarenal  bodies  were  cavitated.  The  bladder  and 
prostate  were  apparently  normal.  The  abdominal  organs  lay  in  their  normal 
positions,  and,  except  for  the  fact  that  the  sigmoid  was  somewhat  redundant, 
there  was  no  obvious  abnormality. 

The  appendix  was  long,  patent  and  ran  directly  across  the  peritoneal  cav- 
ity,  reaching  about  an   inch  to  the  left  of  the   spinal   column.     There   was  no 
obvious  abnormality  discovered  in  the  stomach  nor  in  the  intestines. 
The  pancreas  w'as   apparently  normal. 

The  spleen  weighed  75  grams.  It  was  atrophic,  but  aside  from  a  moderate 
sclerosis,  showed  no  obvious  abnormality.  The  peritoneal  lymph  glands  were 
not  obviously  enlarged.     They  were  firm  and  congested. 

The  liver  (900  grams)  was  atrophic  and  soft,  though  not  increased  in  fri- 
ability, and  had  a  generally  reddish  color.  Upon  the  surface  were  several  stel- 
late scars,  the  larger  one  occupying  the  central  part  of  the  right  lobe.  At  the 
tip  of  this  scar,  in  the  substance  of  the  liver,  was  a  small  caseous  area  forming 
the  apex  of  the  scar.  Another  stellate  scar  appeared  at  about  the  middle  of  the 
right  lower  edge  of  the  liver  which  was  deformed  so  that  a  notch  was  formed 
at  this  point.  At  the  apex  of  this  scar,  also  in  the  substance  of  the  liver,  was 
a  yellowash,  apparently  caseous,  area.  Upon  cutting  the  liver,  the  surface 
showed  nothing  more  than  a  general  reddening, — a  moderate  congestion, — with 
some  slight  increase  in  fibrous  tissue.  Along  the  portal  vessels  was  a  decided 
increase  in  fibrous  tissue  which  had  a  rather  pearly  appearance,  almost  carti- 
laginous. The  gall  bladder  contained  a  thick  mucoid,  pale,  yellowish-colored 
bile. 

Anatomic  Diagnosis. — Edema  of  the  brain  and  the  meninges;  Chronic  dif- 
fuse nephritis  with  secondary  contraction  (arteriosclerotic)  ;  Aortic  atheroma- 
tosis with  aneurysm  formation;  Generalized  arteriosclerosis;  Syphilis  (gum- 
matous)  of  the  liver;  Syphilitic  lesion   (gumma)   in  the  pituitary. 

Microscopic  Diagnosis. — Gummatous    (luetic)    hypophysitis ;   and   hepatitis; 
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Fig.    3. — A   section   of   the   dorsal   cord   showing   a   collection    of   cells    posterior    to    the    central    canal 
and   its  group   of  hyperplastic   cells.      (By   Dr.    Charles   Goosmann.) 
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Fig.    4. — Section    of    the    dorsal    cord    showing    dilatation    of    the    ccntial    cord.       (By    Dr.    Charles 

Goosmann.) 
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Chronic  diffuse  nephritis,  renal  arteriosclerosis;  Syphilitic  dermatitis;  Pancrea- 
tic fibrosis ;  Congestion  of  the  spleen ;  kidney,  liver,  and  pancreas.  Degenerative 
(luetic?)  lesions  in  the  spinal  cord. 

In  the  following  remarks  on  the  histologic  changes,  attention  is  focussed 
upon  the  pituitary  and  the  spinal  cord,  for  there  seems  to  be  no  obvious  value 
in  detailing  the  changes  in  all  the  other  organs.  Concerning  these,  it  will  suf- 
fice to  say  that  the  hepatic  lesions  were  typically  syphilitic,  and  that  the  aortic 
ones  w'ere  typical  of  a  luetic  mesaortitis. 

The  sections  showed  that  except  for  a  small  area  of  glandular  tissue,  the 
pituitary  was  almost  replaced  by  a  mass  of  gummatous  tissue  which  was  in 
large  part  necrotic  (Fig.  1).  Beyond  this  main  lesion  there  were  other  smaller, 
more  recent,  younger,  gummata,  lying  at  the  periphery  of  the  larger  lesion  and 
beyond  it  in  connection  with  the  periosteum  of  the  sellar  bone  which  was  the 
seat  of  a  syphilitic  periostitis.  In  none  of  these  sections  were  tubercle  bacilli 
found. 

The   following  are  notes  on   the  cord  lesions : 

Sections  made  from  the  cord  S-  c.m.  from  the  tip  of  the  cauda. — In  these 
there  is  a  general  dilatation  of  the  blood  vessels  of  the  anterior  median  fissure. 
The  substance  of  the  anterior  commissure  is  edematous  and  in  it  there  is  a  de- 
rided increase  of  small  round  cells  of  glial  origin.  The  region  of  the  central 
canal  is  represented  by  a  mass  of  hyperplastic  cells  which,  from  their  appear-' 
ance,  have  originated  in  canal  epithelium,  and  the  central  canal  is  represented 
by  a  mere  slit.  Posterior  to  this  mass  of  cells  are  dilated  blood  vessels,  poster- 
ior to  which  is  an  area  lying  to  one  side  of  the  line  of  the  posterior  fissure  W'hich 
is  apparently  both  edematous  and  necrotic.  This  area  extends  laterally  and 
posteriorly,  but  chiefly  laterally,  and  almost  parallel  to  the  line  of  the  commis- 
sure. At  its  median  extremity,  which  is  broader  than  at  any  other  point,  a 
blood  vessel  appears,  and  about  it  there  are  a  considerable  number  of  round 
cells.  In  this  neighborhood  there  is  less  necrosis  and  more  edema,  but  later- 
ally the  round  cells  become  scant  in  numbers,  and  the  necrosis  increases,  until 
almost  as  the  posterior  horn  is  reached,  the  number  of  cells  increases  and  ne- 
crosis decreases.  Whether  or  not  the  above  description  is  successful,  the  pic- 
ture is  one  which  suggests  a  linear  focus  of  hyperplasia  of  glia  tissue  with  cen- 
tral necrosis,  and  in  some  respects  has  a  certain  resemblance  to  what  one  might 
expect  of  a  luetic  focus.  The  tissue  on  the  opposite  side  of  the  posterior  fissure 
presents  no  such  picture,  and  except  for  evidence  of  mild  edema,  appears  nor- 
mal   (Fig.  2). 

Sections  made  ig  cm.  above  the  tip  of  the  cauda. — In  these  sections  the 
commissure  is  generally  edematous  and  more  evidently  so  than  in  those  taken 
higher  in  the  cord.  In  this  section  the  blood  vessels  are  not  only  dilated  but 
are  surrounded  by  a  clear  zone  in  which  there  is  considerable  coagulated  pro- 
tein. The  central  canal  appears  as  a  small  space  surrounded  by  a  complete 
epithelium,  but  laterally,  for  some  distance,  there  are  masses  of  hyperplastic 
cells  springing  evidently  from  the  cells  of  the  central  canal.  There  is  a  second 
collection  of  these  cells  posterior  to  the  first  and  separated  from  it  by  a  very 
edematous  tissue  containing  dilated  blood  vessels  (Fig.  3).  Extending  from  a 
point  midway  between  and  lateral  to  these  two  masses  of  hyperplastic  cells  is 
an  area  of  degeneration  within  which  there  are  corpora  amylacea. 

Sections  made  i8  cm.   above  the   tip   of  the  cauda. — In  these   the   central 
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,i,    s._Section    of    the    dorsal    co.d    showin.    d.latation    of    the    central    cord.       (By    Dr.    Chades 
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or    somewhat    fan-shaped    area    latero- 
plial    cells,    and    whicli    shows    a    c-n- 
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canal  is  considerably  dilated  (Figs.  4  and  5)  and  lined  with  a  cuboidal,  or  even 
a  flat  cuboidal  epithelium.     About  it  are  a  moderately  increased  number  of  small 

round  cells. 

Sections  made  17  cm.  above  the  tip  of  the  cauda. — In  these  sections  there 
is  again  hyperplasia  of  central  canal  cells  extending  laterally  from  a  small  cen- 
tral canal,  about  which  there  is  very  distinct  edema,  associated  with  vascular 
dilatation.  Extending  postero-laterally  from  region  of  the  central  canal  is  a 
linear  area  almost  destitute  of  cells  in  its  center  but  surrounded  by  small  round 
filial  cells  which  arc  arranged  in  irregular  columns  which  rest  upon  the  degener- 
ated area  and  extend  at  right  angles  to  it  (Figs.  6  and  7 ). 

Sections  taken  from  16  cm.  above  tip  of  cauda. — In  these  sections  there 
appear  to  be  two  central  canals,  one  in  the  usual  position,  and  one  lateral  to  it. 
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Fig.  7. — Same  as  Fig.  6,  but  more  highly  magnified.  Shows  the  area  referred  to  under  Fig.  6. 
<.By    Dr.    Charles    Goosmann.) 

The  one  is  large,  dilated  and  lined  with  low  columnar  and  cuboidal  epithelium ; 
the  other  is  small  and  lined  with  apparently  normal  epithelium.  Betw^een  the 
two  there  are  a  few  epithelial  cells.  There  is,  in  these  sections,  no  evidence  oi 
necrosis. 

Sections  taken  lo  cm.  above  the  cauda. — In  these,  there  is  no  evidence  of 
a  central  canal  but  at  its  usual  location  is  a  collection  of  cells  of  central  canal 
origin.  Posterior  to  this  cell  mass  and  running  posteriorly  and  laterally,  is  a 
linear  area  of  glio.'is  which  looks  much  like  a  scar.  In  it  there  is  evidence  of 
degeneration  of  a  .slight  degree  (Fig.  7). 

Discussion. 

Tlie  meaning  of  these  changes  is  not  entirely  clear,  but  looked  at  in  one 
w^ay,  they  suggest  that  in  this  case,  syphilis,  in  addition  to  the  lesions  of  the 
parenchymatous  organs  and  of  the  pituitary,  has  also  affected  the  spinal  cord 
so  that  here  and  there  hyperplasias  of  the  cells  of  the  central  canal  have  been 
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initiated  and  have  given  rise  by  pressure  to  scattered  dilatations  of  the  cen- 
tral canal,  with  the  production  of  a  mild  grade  of  hydromyelia.  They  also  sug- 
gest that  the  same  luetic  process  has  been  limited  at  certain  foci  which  appear 
as  linear  areas  of  gliosis,  with  or  without  central  necrosis. 

If  one  wishes  to  assign  the  spinal  lesions  to  one  of  the  categories  into  which 
all  cases  of  well-developed  syringomyelia  are  grouped,  one  must  choose  that 
in  which  the  primary  syringo-myelias  are  placed.  This  case  does  not  (provided 
it  is  actually  an  early  stage  of  syringomyelia)  belong  in  the  group  of  neuro-epi- 
thelial  glioses ;  it  is  not  the  result  of  diverticula  of  the  central  canal ;  there  is 
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Fig.  8. — A  section  of  the  upper  luml.ar  cord  in  whicli  there  was  ohliteration  of  the  central 
canal  and  an  area  of  gliosis  postero-lateral  to  the  region  of  the  central  canal.  (By  Dr.  Charles 
Goosmann. ) 

no  evidence  of  an  anomaly  of  closure  of  the  posterior  >ulous,  and  there  is  no 
evidence  that  the  lesions  are  the  result  of  degeneration  in  gliomas. 


Conclusion. 

1.  A  case  is  reported   in  which   there  are  certain  lesions  in   the  pituitary 
and  in  the  spinal  cord  which,  it  is  suggested,  have  a  common  etiology. 

2.  The  lesion  in  the  pituitary  is  definitely  luetic.     Tho.se  in  the  cord   arc 
possibly  luetic. 

3.  The  cord  lesions  seem  to  suggest  that  they  represent  an  early  stage  of 
syringomyelia. 
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SOxME   FEATURES   OF   PURINE   METABOLISM* 


Bv  H.  GiDEox  Wells,  M.D.,  Chicago,  III. 

THERE  is  much  justification  for  the  statement  with  which  Walter  Jones  pre- 
faces his  splendid  review  of  the  nucleic  acids/  "The  nucleic  acids  con- 
stitute what  is  possibly  the  best  understood  field  of  Physiological  Chemistry." 
The  success  with  which  chemical  investigators  have  disentangled  the  man)-  com- 
plex problems  presented  by  the  nucleoproteins  is  indeed  remarkable,  in  view 
of  the  great  difficulty  of  the  task,  and  it  is  no  small  source  of  satisfaction  to  be 
able  to  record  that  much  of  the  recent  progress,  built  upon  the  fundamental 
studies  of  Miescher,  Kossel  and  Emil  Fischer,  has  been  made  in  American  lab- 
oratories, especially  those  of  \\'alter  Jones  and  P.  A.  Levene.  ^\'e  now  have  a 
definite  understanding  of  the  structure  of  nucleic  acid,  and  we  are  able  to  state 
with  some  assurance  the  steps  by  which  it  is  disintegrated  in  the  animal  body, 
a  knowledge  that  has  been  given  to  us  within  a  relatively  short  time.  It  is  my 
purpose  to  present  mainly  certain  aspects  of  purine  metabolism  that  have  been 
under  investigation  in  niy  own  laborator}'  for  some  years,  although,  to  make 
clear  some  of  the  points  involved,  I  shall  need  to  preface  the  discussion  of  our 
work  by  a  brief  recapitulation  of  the  newer  facts  concerning  the  chemistry'  and 
metabolic  career  of  nucleic  acid. 

A  long  series  of  careful  analytical  studies  has  at  last  shown  us  that  nucleic 
acids  are,  whatever  the  source,  quite  similar  in  composition,  consisting  always 
of  a  complex  containing  phosphoric  acid,  the  two  amino  purines  (adenine  and 
guanine),  two  pyrimidines  (either  cytosine  and  uracil  or  cytosine  and  thymine)  ; 
and  a  carbohydrate,  which  may  be  either  a  pentose  or  a  hexose.  Apparently 
there  are  two  sorts  of  nucleic  acids,  one  from  plants,  which  contains  always 
viracil  and  pentose,  and  one  from  animal  tissues,  containing  instead  thymine  and 
a  hexose.  So  constant  are  the  findings  in  regard  to  these  compounds  that  it 
has  seemed  feasible  to  consider  their  manner  of  tmion  in  the  intact  nucleic  acid 
molecule,  and  Levene  and  Jacobs  have  proposed  as  the  structure  of  thymus 
nucleic  acid  the  following  arrangement : 


H 

PO3    - 
0 

(guanine  group) 

H,PO, 

— 

C,HsO. 

1 

0 

I 

(thymine    group) 

H,PO, 

— 

QHsO. 

1 

0 

(cytosine    group) 

H  PO3    —    CeH.oO,    —    C,H,X, 

(adenine   group) 


It  will  be  seen  that  this  proposed   formula  postulates   in  the   nucleic   acid 


*From  the  Department  of  Pathology,  University  of  Chicago,  and  the  Otho  S.  A.  Spraeiie  Me- 
morial  Institute.      Presented   to  the  Chicago    Society  of  Internal   Medicine,    Oct.    25,    1913. 

iNucleic  Acids,  their  Chemical  Properties  and  Physiological  Conduct.  Monographs  on  Bio- 
chemistry,   I,ongmans,    Greene    &    Company,    1914. 
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molecule,  one  radical  of  each  of  the  two  purines  and  pyrimidines,  each  of  these 
being  united  by  a  carbohydrate  radical  to  a  phosphoric  acid  radical.  Recogniz- 
ing that  this  must  be  looked  upon  as  a  provisional  formula,  it  will  serve  as  a 
base  of  departure  from  which  to  consider  the  metabolism  of  nucleic  acid. 

The  grouping  of  hexose  +  purine  or  hexose  -)-  pyrimidine  is  referred  to  as 
a  "nucleoside,"  analogous  in  terminology  to  "glucoside."  The  same  groupings 
plus  the  phosphoric  acid  radical  constitute  the  "nucleotids,"  nucleic  acid  thus 
being  made  up  of  four  neucleotids.  W'ithin  the  past  year  Emil  Fischer  has  re- 
ported'- the  synthetic  production  of  a  nucleotid,  composed  of  phosphoric  acid 
united  to  a  glucoside  of  theophyllin,  this  really  constituting  the  long-sought  syn- 
thesis of  a  nucleic  acid,  even  though  the  artificial  product  is  not  the  same  as  any 
known  to  occur  in  nature.  A\'ith  these  facts  before  us  we  may  consider  the 
manner  in  which  nucleic  acids  are  disintegrated  in  the  animal  body. 

So  large  a  molecule  can  conceivably  be  disintegrated  in  many  different  ways  ; 
that  is,  the  lines  of  cleavage  might  pass  through  several  different  points  and  in 
many  different  orders,  but  there  is  evidence  available  which  causes  us  to  believe 
that  the  process  is  quite  constant  in  animal  metabolism.  Jones  considers  it 
probable  that  the  first  step  is  a  decomposition  of  the  tetranucleotid  into  dinucleo- 
tids,  and  that  these  are  in  turn  split  into  mononucleotids.  Little  is  known  about 
the  subsequent  career  of  the  two  pyrimidine  nucleotids,  but  we  have  an  abun- 
dance of  information  concerning  the  nucleotids  containing  the  purines,  and  it 
is  in  these  our  present  interest  lies.  Each  nucleotid  has  two  points  at  which 
it  might  be  split,  and  we  have  reason  to  believe  that  there  exist  in  animal  tis- 
sues enzymes  which  may  specifically  attack  each  bond.  One  enzyme  separates 
the  phosphoric  acid  radical  from  the  nucleoside,  thus : 

H,PO,  — C5HSO3  — C,H.N,0  +  H,0 ^   HjPO.-HQH.O,  — QH.N.O 

j^nanylic    acid  phospho-miclease  t;uano<;)ne 

and  this  enzyme  is  therefore  designated  as  phospho-niiclease. 

Another  enzyme,  purine  nuclease,  splits  oft,  instead,  the  purine  radical, 
thus : 

H,PO,  —  C,H,0.  —  CH^N.O  -f  H,0 ^    H.PO,  —  C,H.,0,  -f-  C,H,N,0 

guanylic   acid  purine-nuclease  guanine 

Following  either  of  these  cleavages,  the  enzymes  which  deaminize  purines 
begin  to  act,  and  we  have  formed  as  a  result  either  the  free  oxypurines  or  the 
oxypurines  still  bound  in  the  glucoside-like  conil)inatii>n  with  sugar.  If  the 
purines  are  free  the  reaction  will  be : 

C„H„N,0  +  H,0  C,H,N,0,  +  N  H, 

guanine  guanase  xantliine 

or,  in  case  the  guanine  glucoside  is  i)resent : 

C,H„0,  —  C„H.N,0  -f  H,0  :-^      C..H„0,  —  C„H.,N^O,  +  NH, 

guanosine  guauosinc-dcaniinasc  xanthosine 

In  Ihc  latter  case  a  hvdrolylic  en/yiue.  xanthosinc-hydrolase.  then  s[>lits  off 

=Sit7ung.sbcr.    k.    Akad.    Wisscnacli.,    ncilin,    191-1,    xxxiii,    905. 
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ilie  xanthine,  so  that  by  either  route  the  end  resuh  is  the  same.  By  a  similar 
series  of  changes  the  adenine  radical  is  converted  into  hypoxanthine,  either  di- 
rectly by  adenase : 

CsH.N,  +  H,0 >    C34N,6  +  NH3 

adenine  adenase    hypoxanthine 

or  by  adenosine-deaminase  the  hypoxanthine-glucoside  (inosine)  is  formed,  and 
later  the  hypoxanthine  is  split  off. 

We  now  have  hypoxanthine  and  xanthine,  which,  in  the  presence  of  oxygen, 
are  oxidized  to  form  uric  acid,  thus: 

C,H4N,0  +  O  ■ ■ — >  QH.N.Os 

hypoxanthine  hypoxanthine-oxidase       xanthine 

QH.N.O.  +  O  ■ ■ >  C=H,N,03 

xanthine  xanthine-oxidase  uric    acid 

Further  oxidation  of  the  uric  acid  causes  its  conversion  into  the  much  more 
soluble  allantoin,  thus : 

C.H,N,03  +  O  +  H.O  ■ >   C.H,.,N,03  +  CO, 

uric   acid  uricase  allantoin 

It  is  thus  evident  that  the  steps  of  the  disintegration  of  nucleic  acid  are 
numerous,  but  that  each  separate  process  is  a  simple  one ;  and  also,  that  it  has 
been  possible  to  follow  out  and  distinguish  the  several  steps  and  to  establish 
the  fact  that  each  step  depends  on  a  distinct  and  specific  enzyme.  Not  only  has 
all  this  work  been  accomplished,  especially  by  Jones  and  his  associates,  but,  fur- 
thermore, these  several  enzymes  have  been  studied  in  many  different  species 
and  tissues,  and  found  to  have  most  peculiar  and  characteristic  distribution. 
Our  own  work  has  been  in  this  field,  and  I  wish  to  recapitulate  certain  of 
the  interesting  facts  that  have  been  brought  to  light  by  dififerent  investigators  of 
the  biological  distribution  and  significance  of  the  enzymes  of  purine  metabolism. 
The  enzymes  studied  have  been  chiefly  those  that  act  on  the  free  purines,  for 
these  are  much  more  readily  investigated  than  those  acting  on  the  nucleotids  and 
nucleosides,  and  also  they  have  been  known  for  a  longer  time. 

It  has  been  found  that  not  ever}^  tissue  possesses  all  the  enzymes  of  purine 
destruction,  and  also  that  in  dififerent  species  of  animals  the  distribution  of  the 
enzymes  is  different.  For  example,  the  enzyme  xanthine-oxidase,  which  oxi- 
dizes xanthine  into  uric  acid,  is  found  in  man  only  in  the  liver,  and  also  in 
other  animals  it  is  of  limited  distribution,  being  found  usually  only  in  the  liver 
or  in  the  liver  and  kidney,  but  in  the  dog  it  seems  to  be  present  in  several  tis- 
sues. The  deaminizing  enzymes,  adenase  and  guanase,  are  much  more  widely 
distributed,  but  by  no  means  universally.  Adenase.  for  example,  is  not  present 
in  the  tissues  of  the  rat,  and  not  in  the  tissues  of  adult  human  beings.^  Guanase 
is  absent  from  the  spleen  and  liver  of  the  pig  and  from  human  spleen,  although 
present  in  most  other  tissues.  Uricasc.  the  enzyme  which  destroys  uric  acid,  also 
has  peculiarities  of  distribution,  being  seldom  found  in  any  other  tissue  than 
the  liver  or  kidney,  and  being  absent  entirely  from  the  tissues  of  man,  and  from 

'There  have  been  some  reports  indicating  the  presence  of  adenase  in  fetal  human  tissues  (Long, 
Jour.    Biol.    Chem.,    1913,   xv,   p.    449). 
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the  birds  and  reptiles  so  far  examined.     The  significance  of  this  distribution  of 
iiricase  will  be  discussed  at  greater  length  a  little  later. 

Now  while  it  is  unquestionably  true  that  the  results  of  laboratory  experi- 
ments with  tissue  extracts  cannot  always  be  translated  literally  to  the  elucida- 
tion of  metabolism  in  living  animals,  yet  it  has  developed  that  the  results  thus 
obtained  with  purine  enzymes  fit  remarkably  well  with  results  of  metabolism 
studies,  so  that  they  are  entitled  to  consideration  and  confidence.  For  example, 
the  absence  of  uricase  in  man,  birds  and  reptiles  agrees  perfectly  with  the  fact 
that  in  the  same  animals  we  have  much  excretion  of  unchanged  uric  acid,  where- 
as in  all  those  animals  that  excrete  little  or  no  uric  acid  and  much  allantoin  we 
find  uricase.  Furthermore,  a  striking  correspondence  is  found  in  the  absence 
of  guanase  from  the  liver  and  spleen  of  the  pig  and  the  occurrence  of  a  form 
of  gout  in  pigs,  with  deposition  of  guanine  rather  than  of  uric  acid  in  the  tis- 
sues. 

Before  taking  up  the  bearing  of  these  facts  on  human  patholog}^  however, 
there  are  certain  interesting  observations  on  the  general  biological  features  of 
the  purine  enzymes  to  be  mentioned.  One  of  these  is  the  appearance  of  these 
enzymes  one  by  one  in  the  development  of  the  individual,  and  the  general  cor- 
relation of  the  order  of  their  appearance  with  their  distribution  in  the  ascend- 
ing scale  of  animal  evolution. 

To  illustrate, — in  the  developing  pig  it  was  found  by  Mendel  and  Mitchell 
that  nuclease  was  present  in  the  earliest  stages,  adenase  appears  by  the  time 
the  fetus  has  reached  a  length  of  50  m.m.,  but  xanthine-oxidase  only  appears 
at  about  the  time  of  birth,  while  uricase  appears  somewhat  later.  So.  too,  in 
the  human  fetus  we  find  guanase  present  by  the  third  month,  but  xanthine-oxi- 
dase does  not  appear  until  at  or  near  full  term,  and  uricase  never  develops. 

If  we  compare  these  observations  with  the  occurrence  of  these  same  en- 
zymes in  organisms  of  varying  stages  of  development  in  the  biological  scale  we 
find  a  correlation  that  must  be  more  than  fortuitous.  Thus,  in  a  unicellular  or- 
ganism (yeast)  there  are  found  only  nuclease,  which  seems  to  be  [)resent  in  all 
living  cells,  and  also  guanase ;  this  corresponds  to  the  early  human  or  pig  em- 
bryo, each  with  nuclease  and  one  deaminizing  enzyme.  A  mollnsk  was  found 
to  contain  nuclease  and  both  deaminases,  corresponding  to  a  later  stage  of  mam- 
malian development.  Tlie  reptiles  and  birds  are  in  the  same  stage  of  develop- 
ment as  the  mature  human  or  pig  fetus,  being  equipped  with  nuclease,  adenase. 
guanase  and  xanthine-oxidase,  but  unable  to  destroy  uric  acid  because  of  lack 
of  uricase.  Uricase  seems  to  be  a  late  development,  acquired  (inly  by  mam 
mals,  and  not  by  all  of  them.  On  the  basis  of  the  facts  cited  abuxe,  and  sup- 
ported l)y  others  not  mentioned,  we  may  say  that  in  the  formation  of  purine 
enzymes  we  have  an  apparent  exemplification  of  llu'  biological  law  ilr;t  the  in- 
dividual in  its  development  recapitulates  the  fle\el()[Mnent  of  its  species — "On- 
togeny recapitulates  phylogeny." 

Studies  in  the  occurrence  of  purine  enzymes  in  tumors  also  give  interest- 
ing results  in  general  harmony  with  the  statements  made  above.  Roth  bem'gn 
and  malignant  tumors  are  found  generally  to  h;ive  the  same  purines  and  i)urin<^ 
enzymes  as  the  tissues  fr(jm  wliicli  they  arise.  'I'luis.  human  tumors  contain 
universallv  nuclease,  guanase.  and  enzymes  which  convert  the  bound  adenine  of 
adenosin  into  hyi)0xanthine  by  way  of  inosine.  but  agreeing  with  normal  iuiman 
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tissues,  they  contain  no  adenase  which  will  deaminize  free  adenine.  Further- 
more, secondary  tumors  in  the  liver  do  not  acquire  the  xanthine-oxidase  which 
is  present  in  human  liver,  but  breed  true  to  the  parent  cells.  Tumors  in  the 
lower  animals  also  present  the  enzymes  characteristic  of  the  corresponding  tis- 
sues of  these  animals,  at  least  to  a  certain  extent,  but  they  exhibit  chemically 
their  embryonal  character  as  v^^ell  as  they  manifest  it  microscopically.  Thus, 
a  priman,'  carcinoma  of  the  liver  in  sheep  contained  guanase  and  adenase,  but 
no  xanthine-oxidase  or  uricase;  corresponding  to  the  early  fetal  rather  than  to 
the  adult  sheep  liver  in  lacking  uricase  and  xanthine-oxidase.  It  is  interesting 
to  note  also  that  in  one  instance  we  were  able  to  obtain  by  an  examination  of 
the  purine  enzymes  valuable  evidence  as  to  the  origin  of  a  certain  tumor  when 
histological  evidence  was  inconclusive.  This  was  in  a  rather  common  type 
of  primary  tumor  of  the  sheep  liver,  which,  on  account  of  both  its  histological 
and  gross  characteristics  has  been  believed  by  some  to  be  of  adrenal  origin,  that 
is,  hepatic  hypernephroma.  In  such  tumors  Long^  found  adenase,  an  enzyme 
present  in  sheep  livers  but  not  present  in  either  adrenal  or  kidneys  of  sheep, 
a  fact  which  indicates  that  these  tumors  are  not  of  adrenal  or  renal  origin,  but 
derived  from  the  liver  cells. 

As  yet  we  know  nothing  concerning  the  modifications  which  disease  may 
produce  in  the  purine  enzymes,  and  the  effects  such  modifications  may  have  on 
metabolism.  Quantitative  studies  of  enzyme  activity  of  tissues  are  seldom  if 
ever  of  value,  and  we  have  no  evidence  that  in  any  pathological  conditions  there 
occurs  an  absolute  loss  of  any  of  the  purine  enzymes.  On  the  contrary,  I  found 
that  the  liver  of  animals  poisoned  with  phosphorus  and  hydrazine,  so  that  a  max- 
imum degree  of  fatty  degeneration  was  produced,  showed  quantitatively  the 
same  uricolytic  activity  as  normal  livers. ^'^  On  the  other  hand,  in  liver  tissue  be- 
tween cancer  nodules  there  has  seemed  to  be  a  decreased  xanthine-oxidase  ac- 
tivity; and  in  the  bladder  of  a  tuberculous  monkey  I  found  an  appreciable  amount 
of  uric  acid,  whereas  normal  monkeys  destroy  practically  all  the  uric  acid  and 
excrete  little  purine  but  allantoin. 

As  we  have  mentioned  before,  the  human  organism  is  peculiar  in  the  lack 
of  demonstrable  uricolytic  activity  in  any  of  its  tissues.  This  fact  has  been  es- 
tablished conclusively  by  the  concordant  results  of  several  independent  observ- 
ers. The  presence  or  absence  of  uricase  is  a  very  definite  thing  which  permits 
of  no  possibility  of  error,  for  when  present  the  action  of  uricase  is  strong  and 
rapid.  Thus,  in  an  experiment  with  cat  liver,  it  was  found  that  this  tissue  de- 
stroyed completely  one-twentieth  of  its  weight  (estimated  as  water-free  tissue) 
in  2y2  hours  under  laborator}^  conditions.  Other  livers  were  found  fully  as  ac- 
tive. In  view  of  the  demonstrated  presence  of  uricase  in  several  mammals, 
it  seemed  desirable  to  determine  as  completely  as  possible  just  the  distribution 
of  this  enzyme  in  nature.  Studies  of  many  different  species  did  not  reveal  its 
presence  outside  the  mammals.  Among  the  mammals  all  the  common  domestic 
and  laboratory  animals,  including  also  a  marsupial,  the  opossum,  showed  uri- 
case in  some  tissue,  usually  the  liver. 

On  account  of  the  peculiar  exception  of  man  in  this  respect,  we  secured 
tissues  from  different  species  of  monkeys,  and   found  that  they  too  possessed 

*Jour.    Exp.    Med.,    1913,    xviii,    512. 
4'>Jour.    Exper.    Med.,    1910,    xii,    607. 
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active  uricolytic  enzymes  in  the  liver  tissue,  thus  resembhng  the  lower  mam- 
mals rather  than  man.  At  this  stage  of  our  work  we  were  fortunately  able  to 
bridge  the  gap  in  our  studies  through  the  kind  assistance  of  Dr.  ^^^  T.  Horn- 
aday,  who  placed  at  our  disposal  the  body  of  a  chimpanzee  and  also  of  an 
orang-utan  in  fresh  condition.  In  each  of  these  animals  we  found,  as  in  man, 
a  total  lack  of  uricase.'  Hence  these  two  anthropoid  apes  stand  together  with 
man  apart  from  all  other  animals  in  their  deficiency  in  uricolytic  enzymes 
demonstrable  by  in  vitro  experiments.  It  is  of  particular  interest  that  we  find 
here  the  anthropoids  resembling  man,  while  the  monkeys  resemble  the  lower 
mammals,  since  this  observation  furnishes  a  new  corroboration  of  other  bio- 
logical facts  indicating  that  the  anthropoids  are  more  closely  related  to  man 
than  to  the  monkeys.  And  it  is  a  striking  fact  that  in  this  particular  respect 
man  and  the  anthropoids  are  less  highly  developed  than  all  other  mammals, 
for,  as  pointed  out  previously,  the  uricase  is  a  late  development  in  the  animals 
that  possess  it,  and  apparently  is  the  last  acquisition  in  purine  metabolism  in  the 
course  of  the  development  of  the  animal  kingdom.  So  far  as  purine  metabolism 
is  concerned,  man  and  the  anthropoids  rank  in  development  with  birds,  reptiles, 
and  some  mammalian  fetuses  at  about  full  term. 

How  well  the  results  obtained  by  the  examination  of  tissue  extracts  for 
purine  enzymes  agree  with  the  metabolic  characteristics  of  the  several  species 
of  animals,  is  shown  by  the  accompanying  table  prepared  by  Hunter  and  Givens.® 

PER  CENT  OF  PURINE-ALLANTOIN 

Uricolytic  Purine  Co- 
Order   and   Species                             Allantoin     Uric  Acid  Bases  Index  efficient 
MARSUPIALIA 

Opossum    76.0  19.0  6.0  79  4. 1 

RODENTIA 

Rabbit   95  26.0 

Guinea-pig   91.0  6.0  3.0  94  27.0 

Rat  93.7  3.7  2.7  96  37.0 

UNGULATA 

Sheep    64.0  16.0  20.0  80  8.0 

Goat    81.0  7.0  12.0  92  17.0 

Cow   92.1  7.3  0.7  93  18.0 

Horse    88.0  12.0  0.5  88  3.7 

Pig  92.3  1.8  5.8  98  12.0 

CARNIVORA 

Raccoon     92.6  5.4  2.0  95  16.0 

Badger    96.9  1.9  1.2  98  28.0 

Dog   97.1  1.9  1.3  98  29.0 

Coyote    95.6  2.6  1.8  97  23.0 

Cat  97 

PRIMATES 

Monkey    66.0  8.0  26.0  80  4.5, 

Chimpanzee  0 

Man   2.0  90.0  8.0  2  (?)         2.5 

This  demonstrates  that  all  mammals  as  yet  investigated,  except  only  man 
and  the  anthropoids,  excrete  allantoin  as  the  chief  end  product  of  their  purine 
metabolism.  The  animals  in  whose  tissues  uricolytic  enzymes  have  been  found 
destroy  nearly  all  the  uric  acid  produced  in  metabolism,  while  the  animals  in 
which  no  uricase  can  be  demonstrated  .show  no  capacity  to  destroy  uric  acid. 
Although  luunan  urine  does  contain  minute  quantities  of  allantoin  this  probably 

"Tour.     T?iol.     Clicm..    1014,    xviii,    1.S7. 
"Jour.     Biol.     Chem.,     1914,    xviii,    403. 
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does  not  represent  a  product  of  metabolism,  for  Ackroyd  has  found  that  ordi- 
nary foods  contain  traces  of  allantoin,  and  neither  human  nor  other  animal 
species  seem  able  to  destroy  any  allantoin  they  may  form  or  receive  preformed. 
Injected  or  ingested  allantoin  is  excreted  quantitativel}'  in  the  urine. 

As  Jones  has  pointed  out,  the  famous  analysis  of  10,000  liters  of  human 
urine  by  Kruger  and  Salomen  yielded  results  that  exactly  agree  with  what  might 
be  expected  from  our  knowledge  of  the  location  of  the  purine  enzymes  in  the 
human  body.  They  found  that,  besides  the  greatly  predominating  uric  acid,  the 
normal  urine  contained  a  little  xanthine,  somewhat  less  hypoxanthine,  and  much 
less  adenine,  the  proportions  being  10.1,  8.5  and  3.5,  respectively;  there  was  no 
guanine  at  all.  Now  since  every  human  tissue  has  been  found  to  contain  guan- 
ase,  the  absence  of  guanine  from  the  urine  should  be  expected ;  and  since  guanase 
forms  xanthine  from  guanine,  and  since  xanthine-oxidase  is  present  only  in  the 
liver,  we  should  expect  a  considerable  amount  of  the  xanthine  that  is  formed 
in  the  tissues  to  be  excreted  by  the  kidneys  before  reaching  the  liver,  thus  ex- 
plaining the  relatively  high  proportion  of  xanthine  found  in  the  urine.  As  the 
tissues  in  their  metabolism  can  produce  hypoxanthine  from  adenosine  we  should 
expect  likewise  a  considerable  amount  of  hypoxanthine  in  the  urine,  which  was 
found.  The  small  amount  of  adenine  that  was  found  also  fits  perfectly  the 
fact  that  adenine  cannot  be  destroyed  in  the  human  tissues,  nor  yet  be  formed 
from  nucleic  acid,  hence  a  little  adenine  from  the  food  should  appear  in  the 
urine. 

In  view  of  all  these  striking  agreements  of  fact  and  theory  we  believe  that 
we  are  justified  in  applying  the  results  of  our  in  vitro  experiments  to  the  living 
organism,  at  least  in  part.  \\'e  therefore  seem  entitled  to  say  that  the  human 
organism  cannot  destroy  uric  acid,  for  it  lacks  uricase  and  excretes  nearly  all 
its  purines  as  uric  acid,  and  probably  none  as  allantoin.  In  accord  with  this, 
several  observers  have  found  that  uric  acid  injected  into  man  is  excreted  quan- 
titatively and  unchanged  in  the  urine.  Furthermore,  it  has  been  shown  that 
allantoin  cannot  be  destroyed  in  the  human  body,  and  hence  the  nearly  com- 
plete absence  of  allantoin  in  human  urine  seems  to  show  that  uric  acid  is  not 
destroyed,  at  least  by  conversion  into  allantoin  which  seems  to  be  the  method 
used  by  all  mammals  that  do  destroy  uric  acid." 

But  the  question  remains  open  :  May  not  the  human  organism  destroy  uric 
acid  by  some  other  route  than  over  allantoin.  Evidence  has  been  advanced  in 
support  of  the  hypothesis  that  at  least  part  of  the  nucleoproteins  of  food  can 
be  destroyed  by  the  human  tissues,  and,  in  view  of  the  lack  of  evidence  that 
human  tissues  can  destroy  uric  acid  it  may  be  that  some  of  the  purines  can  be 
destroyed  by  some  other  route.  Thus,  free  adenine  cannot  be  destroyed  by 
human  tissues,  yet  when  bound  in  the  nucleoside,  adenosine,  as  it  occurs  in 
nucleic  acid,  it  is  completely  deaminized  to  hypoxanthine.  We  can  easily  imagine 
that  bound  purines  may  be  disintegrated  while  still  bound,  and  with  the  forma- 

'Schittenhelm  (Zeit.  Exp.  Med.,  1914  (3)  397)  who  has  consistently  contended  that  uric  acid 
IS  destroyed  in  the  human  body  (in  spite  of  the  refutation  of  some  of  his  experimental  demonstra- 
tions_  of  uricolytic  activity  in  human  tissues),  has  recently  advanced  another  sort  of  evidence  in  favor 
of  his  main  theme.  He  analyzed  the  lungs,  liver,  spleen  and  heart  of  a  man  who  died  after  6  days 
complete  suppression  of  urine  from  bilateral  thrombosis  of  the  renal  veins,  and  found  all  told  but  0.01 
e.  uric  acid.  This  finding  is  capable  of  the  interpretation  that  uric  acid  can  be  destroyed  in  the  hu- 
man body,  since  otherwise  an  accumulation  of  uric  acid  should  have  occurred  because  o^  defective 
renal  excretion.  There  are  other  possibilities  to  be  considered,  however,  and  the  observation  needs 
repetition    to    establish    its    value.  -^ 
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tion  of  some  other  end  products  than  allantoin.  A.  E.  Taylor,^  for  example, 
has  found  that  when  the  metabolism  of  a  man  is  very  completely  studied  and 
controlled,  the  ingestion  of  a  certain  amount  of  nucleic  acid  does  not  cause  a 
corresponding  increase  in  uric  acid  in  the  urine,  although  all  the  nitrogen  of 
the  nucleic  acid  is  excreted.  Other  experimenters  have  obtained  similar  re- 
sults. Apparently  about  half  of  the  purine  nitrogen  thus  administered  is  ex- 
creted in  uric  acid,  but  the  other  half  as  urea. 

If  uric  acid  formed  in  human  metabolism  cannot  be  destroyed,  then  part 
of  the  purines  of  nucleic  acid  taken  in  with  the  food  in  these  experiments  must 
have  been  disintegrated  into  something  else  than  uric  acid.  That  such  a  trans- 
formation of  purines  by  an  indirect  route,  avoiding  uric  acid,  may  take  place 
must  be  admitted  as  possible,  until  either  proved  or  disproved,  neither  of  which 
has  yet  been  done.  There  is  evidence,  however,  that  is  not  in  favor  of  this  hy- 
pothesis, and  Siven^  has  found  that  B.  Coli  will  disintegrate  purines  in  culture 
fluids,  which  makes  it  possible  that  the  purine  of  ingested  nucleic  acid  which 
does  not  reappear  in  the  urine  as  uric  acid,  may  have  been  destroyed  by  in- 
testinal bacteria.  Divergent  results  in  feeding  experiments  may  be  explained 
thus  by  differences  in  the  character  of  the  intestinal  flora  and  the  rate  of  ab- 
sorption. Further,  the  studies  in  Miiller's  clinic  on  the  imetabolism  of  the 
nucleosides, ^°  adenosin  and  guanosin,  show'  that  both  in  normal  and  gouty  in- 
dividuals the  purines  of  these  nucleosides  are  excreted  as  uric  acid,  which  in- 
dicates that  they  are  not  disintegrated  by  some  special  route  which  avoids  the 
formation  of  uric  acid.  Also  in  leukemia  and  pneumonia  we  find  evidence  that 
the  purines  liberated  from  the  disintegrated  nuclei  are  excreted  as  uric  acid, 
and  no  evidence  of  other  transformations.  It  is,  indeed,  improbable  that  one 
mammal  should  have  a  special  method  of  destroying  uric  acid  unknown  in  any 
other  mammal,  especially  in  view  of  the  identity  of  other  processes  of  purine 
metabolism  all  through  the  animal  kingdom. 

We  may  therefore  state  the  case  of  uric  acid  in  human  metabolism  to 
stand  at  present  as  follows : 

(1)  There  is  conclusive  evidence  that  the  human  organism  does  not  oxi- 
dize uric  acid  formed  in  metabolism  into  allantoin,  as  all  other  mammals  ex- 
cept the  anthropoids  seem  to  do.  (2)  There  is  no  conclusive  evidence  that 
man  destroys  uric  acid  by  any  other  method,  although  it  has  not  yet  been  posi- 
tively established  that  he  may  not  do  so.  (3)  There  is  perhaps  more  reason 
to  suspect  that  part  of  the  purines  of  nucleic  acid  may  be  destroyed  without 
passing  through  the  stage  of  uric  acid,  but  there  is  no  direct  evidence  what- 
ever that  such  a  method  of  purine  katabolism  does  exist.  (4)  It  is  highly 
probable,  in  consideration  of  what  seems  to  bo  the  l)est  available  evidence, 
that  most  of  the  purine  of  human  food  and  practically  all  the  purine  from  cell 
metabolism  is  converted  into  uric  acid  and  excreted  as  such.  Some  of  the 
food  purines  may  be  destroyed  by  I)acteria  in   the  intestines. 

Hour.    Biol.    Chem.,    1913,   xiv,   419. 
"Arch.    ges.    Physiol.,    1914,    clvii,    582. 
loZeit.    physiol.    Clicm.,     1914     (91)    336. 
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AMONG  the  numerous  chemical  and  physico-chemical  systems  of  balanced 
reactions  that  occur  in  the  animal  organism  few  offer  a  more  interesting 
field  of  investigation  than  that  existing  between  tlic  proteolytic  serum  ferments 
en  the  one  hand  and  the  serum  antiferment  on  the  other.  Interesting  not  only 
to  the  physiologist  in  its  influence  on  the  normal  metabolism  but  especially  to 
the  pathologist  because  of  the  fundamental  importance  which  the  whole  do- 
main of  protein  intoxication  has  assumed  in  the  recent  development  of  the  study 
of  pathological  problems. 

For  the  clear  conception  of  the  potential  toxicity  of  the  protein  molecule 
we  are  in  debt  to  the  work  of  Vaughan  in  this  country  and  to  Pfeififer,  Fried- 
berger,  Kraus,  Zunz  and  numerous  other  investigators  in  Europe,  as  a  result 
of  whose  work  we  now  know  that  the  split  products  of  proteins,  especially  the 
larger  fragments,  are  toxic  no  matter  what  their  source ;  that  no  well  defined 
"antitoxin"  is  formed  following  injection  of  such  split  products,  but  that  the 
protein  fragments  themselves,  on  further  hydrolysis,  become  nontoxic.  Under 
these  circumstances  we  should  expect  that  the  presence  of  proteolytic  ferments 
in  the  serum  would  lead  to  an  immediate  intoxication  of  the  animal.  To  pre- 
vent such  an  untoward  result  the  blood  has  been  provided  with  an  antiferment. 

Our  knowledge  concerning  both  serum  protease  and  antiprotease  has  been 
limited  in  the  past,  due  possibly  to  the  fact  that  effect  rather  than  cause  has 
been  studied  by  most  workers,  while  of  the  two  factors  in  the  balance,  the  anti- 
ferment has  received  the  greater  share  of  attention  largely  because  of  certain 
alterations  in  its  titre  which  were  observed  clinically. 

Serum  Antiferment. 

Three  theories  have  been  formulated  concerning  the  nature  of  the  antifer- 
ment. It  was  regarded  at  first  as  a  true  antibody  similar  to  those  obtained 
when  toxins  are  injected  into  an  organism;  the  secretions  from  the  leucocytes 
or  the  pancreas  being  considered  the  source  of  a  constantly  stimulating  antigen. 
This  position  is,  however,  not  only  not  physiological  but  the  experimental  evi- 
dence brought  against  it  is  so  complete  that  it  has  been  abandoned.  The  sup- 
position was  next  advanced  that  the  antiferment  action  was  due  to  the  accumu- 
lated split  products  of  proteins  in  the  serum  which  checked  further  enzyme 
activity.  It  was  found,  however,  that  the  experimental  evidence  presented  by 
Rosenthal  in  advancing  this  theory  was  incorrect.  Among  the  first  to  suspect 
that  the  serum  lipoids  might  have  some  relation  to  the  antiferment  property 
was  Schwartz.  Several  serious  objections  were  immediately  advanced  against 
this  idea :  the  extracted  lipoids  appeared  to  be  inactive ;  lipoid  rich  sera  were 
not  necessarily  more  strongly  antitryptic  than  normal  sera.  Our  interest  in  the  sub- 
ject was  based  on  observations  made  during  the  course  of  studies  concerning  the 

•From    the    Department    of    Pathology,    Vanderbilt    University    Medical    School. 
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mechanism  of  caseation  in  tuberculosis.  In  that  process  we  determined  that  the 
lipoids,  probably  derived  largely  from  the  tubercle  bacilli,  completely  inhibited 
tryptic  digestion,  thus  accounting  for  the  lack  of  autolysis  in  the  diseased  foci. 
When  such  lipoids  were  saturated,  as  with  iodin,  the  inhibitory  effect  was  lost 
In  order  to  study  the  lipoids  to  greater  advantage  we  saponified  various  prepa- 
rations, in  this  manner  greatly  increasing  the  dispersion.  It  was  found  that  the 
antiferment  property  was  proportional  to  the  degree  of  unsaturation  of  the 
soaps. 

In  the  serum  itself  it  had  previously  been  observed  that  the  lipoid  solvents 
- — ether,  chloroform,  etc. — removed  or  destroyed  the  antiferment,  and  Opie  had 
noted  that  dispersion  changes,  such  as  are  induced  by  acidifying  the  serum,  ren- 
dered it  inactive.  Heating  the  serum  to  about  70°  C.  for  30  minutes  has  the 
same  effect.  On  closer  investigation  we  found  that  the  extracted  lipoids  of  the 
serum  were  actively  antitryptic  if  their  degree  of  dispersion  was  brought  back 
to  approximately  its  original  state,  as  for  instance  by  saponifying  the  lipoida/ 
residue.  Wo.  were  able  to  demonstrate  then  that  (1)  the  antiferment  property 
of  the  serum  depended  upon  the  lipoidal  constituents,  whose  activity  depended 
on  the  degree  of  unsaturation  and  the  degree  of  dispersion;  (2)  the  antifer 
ment  was  extractable  in  lipoid  solvents,  (3)  the  residue  was  actively  antitryptit 
when  the  dispersion  was  again  brought  back  to  approximately  the  original  state. 

The  Serum  Protease. 

The  nonspecific  serum  protease  has  been  studied  very  little.  Hedin  had 
observed  that  ox  serum  contained  a  weak  proteolytic  ferment,  associated  witli 
the  globulin  fraction  of  the  serum  protein.  Delezenne  and  Pozerski  had  pre 
viously  made  the  interesting  observation  that  serum  treated  with  chloroforn 
became  actively  proteolytic  when  incubated,  but  found  no  explanation  for  th^ 
phenomenon ;  Von  Dungern  and  Hirschfeld,  too,  had  observed  that  serunv 
treated  with  iodin  underwent  autolysis.  Later,  Opie  considerably  extended  the 
studies  commenced  by  Hedin. 

All  this  work  was  of  fundamental  importance,  but  the  facts  determined  re- 
mained isolated  and  without  connection.  As  to  the  relation  between  the  fer- 
ment and  antiferment,  Hedin  rather  considered  the  combination  as  a  true  pro- 
enzyme or  zymogen,  indeed  typical  for  such  a  stage  of  the  ferment,  regarding 
the  activation  of  the  ferment  merely  as  a  process  by  means  of  which  the  anti- 
enzyme  was  destroyed. 

On  investigation  we  determined  that  the  protease  is  present  in  all  guinea- 
pig  sera,  usually  in  dogs  and  rabbits,  rarely  in  human  sera.  It  is  usually  in- 
activated when  the  serum  is  heated  to  56°  for  30  minutes,  although  occasidna/ 
heating  to  60°  for  30  minutes  will  not  inactivate  the  protease  completely.  It< 
activity  is  best  demonstrable  in  a  neutral  or  slightly  acid  reaction;  it  retains  its 
activity  unimpaired  when  dried,  and  for  a  considerable  period  of  time  when  the 
fresh  serum  is  placed  in  the  ice  chest.  It  is  polyvalent  in  character,  but  bears 
no  relation  to  the  leucocytes. 

Serotoxin,  Anaphylatoxin  and  the  Mechanism  ge  Anaphylatic  Shock 

If   we   now    investigate   a   serum    which   under   normal    conditions   contains 

considerable  ferment,  such  as  that  of  the  guinea-pig.  and  determine  the  changes 

that  occur  when  the  antiferment  is  removed,  several  rather  interesting  phenomena 
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are  observed.  The  serum  becomes  highly  toxic  for  its  own  species.  Thus  one 
sample,  incubated  with  chloroform  for  twenty-four  hours  became  so  toxic  that 
0.3  c.c.  were  sufficient  to  kill  a  medium  size  guinea-pig  almost  instantly.  C)n 
further  incubation  the  toxicity  decreases,  while  a  progressive  increase  in  non- 
coagulable  nitrogen  can  be  observed  during  the  course  of  the  incubation. 

The  symptoms  in  the  injected  animals  closely  simulate  anaphylatic  shock. 
Following  recovery  from  a  sublethal  dose  there  results  a  moderate  increase  in 
resistance  to  reinjection,  similar  in  extent  to  that  which  Zinsser  and  Dwyer 
have  observed  following  injection   of  anaphylatoxins. 

It  is  well  known  that  there  has  existed  for  several  years  considerable  doubt 
as  to  the  source  of  the  toxic  material  of  the  so-called  "anaphylatoxins."  Accord- 
ing to  Friedberger  and  his  school,  the  fresh  serum  digests  the  antigen,  which  is 
added  in  the  form  of  bacteria,  precipitates,  corpuscles,  etc.,  with  a  resulting 
splitting  of  the  antigen  to  toxic  split  products.  Opposed  to  this  view  we  find 
arrayed  the  physical  hypothesis  which  Ritz  and  Sachs,  Doerr,  ijordet  and  others 
have  formulated.  It  was  observed  that  quite  inert  substances,  such  as  kaolin, 
barium  sulphate,  agar  and  starch  would,  when  incubated  with  the  serum,  ren- 
der the  serum  toxic ;  quite  obviously  split  products,  if  responsible  for  the  tox- 
icity must  be  derived  from  the  serum  itself.  Nor  has  it  been  clearly  demon- 
strated that  a  splitting  occurs  when  the  bacteria  are  treated  with  fresh  guinea- 
pig  serum.  Donati,  for  instance,  found  the  bacteria  intact  as  far  as  antigenic 
properties  were  concerned,  while  Neufeld  and  Dold  noted  that  bacteria  which 
did  not  undergo  lysis  by  the  serum  were  more  efficacious  than  those  w^hich  dis- 
solved during  anaphylatoxin  formation. 

In  view  of  the  rapid  development  of  the  toxicity  of  guinea-pig  serum  when 
its  antiferment  is  removed  by  chloroform  we  quite  naturally  were  justified  in 
assuming  that  during  typical  anaphylatoxin  formation  adsorption  changes  oc- 
cur by  means  of  \\hich  the  serum  antiferment  is  adsorbed  and  the  serum  pro- 
teins themselves  hydrolyzed,  rather  than  the  introduced  antigen.  From  a  purely 
physical  viewpoint  this  is  quite  rational,  for  the  lipoids  in  general  and  the  fatty 
acids  more  particularly  are  easily  adsorbable  substances.  Our  investigation 
showed  this  hypothesis  to  be  substantially  correct,  and  it  has  been  recently  con- 
firmed. We  found  that  the  antiferment  was  adsorbed  by  the  bacteria ;  that 
the  noncoagulable  nitrogen  increased,  and  that  the  bacteria,  because  of  adsorp- 
tion of  antiferment,  became  more  resistant  to  tryptic  digestion. 

If  such  conditions  explained  the  toxicity  of  the  anaphylatoxin,  might  it 
not  be  possible  that  a  similar  mechanism  occurred  during  anaphylatic  shock?  In 
order  to  carry  out  these  experiments  we  used  dogs  exclusively,  because  of  the 
larger  amounts  of  serum  needed.  W'e  found  that  following  the  first  or  sensitiz- 
ing intravenous  injection  of  the  antigen  there  were  practically  no  serum  changes 
as  far  as  the  ferments  or  antiferments  are  concerned.  When,  however,  a  rein- 
jection is  made  after  the  animal  is  fully  sensitized  the  following  changes  were 
noted  immediately  after  the  injection:  The  antiferment  was  markedly  dimin- 
ished; there  was  a  striking  increase  in  scrum  protease  and  lipase;  an  increase 
in  noncoagulable  nitrogen  and  amino  nitrogen;  a  decrease  in  serum  proteoses. 
The  increase  in  amino  acids  might  be  interpreted  as  proof  of  the  fact  that  hy- 
drolysis of  the  antigen  had  occurred,  as  Zunz  and  Gyorgy  maintain,  but  under 
such  circumstances  we  should  expect  that  there  would  also  be  an  increase  in  the 
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higher  spHt  products,  such  as  the  serum  proteoses.  This  does  not  obtain.  We 
are  rather  inclined  to  place  the  emphasis  on  the  change  between  the  ferment- 
antiferment  balance  which  here  greatly  favors  proteolysis.  Under  such  circum- 
stances it  seems  more  probable  that  it  is  the  serum  protein  itself  which  is  hy- 
drolyzed  to  toxic  products  and  that  the  injected  antigen  initiates  the  process 
by  causing  the  instantaneous  mobilization  of  the  nonspecific  protease,  together 
with  changes  in  the  colloidal  dispersion  whereby  the  serum  lipoids  become  less 
active  as  antifermeats. 

Concerning  the  Mechanism   of  the  Abderhaedex  Reaction. 

It  is  quite  apparent  from  the  preceding  work  that  the  serum  itself,  will,  un- 
der proper  conditions,  hydrolyze  and  yield  split  products.  Keeping  this  in  mind, 
the  repeated  observations  that  a  positive  Abderhalden  reaction  can  be  obtained 
when  quite  inert  substances  are  incubated  with  serum,  such  as  kaolin,  agar,  etc., 
would  naturally  lead  us  to  suspect  that  the  same  simple  absorption  phenomenon 
is  at  the  basis  of  the  Abderhalden  Test.  Wq  do  not  believe  that  the  specificity 
of  the  reaction  in  regard  to  protease  action  can  longer  be  maintained  in  view 
of  the  adverse  clinical  findings  reported  during  the  past  two  years.  Almost 
every  febrile  case  will  give  a  positive  Abderhalden  reaction  against  placenta  at 
some  time  during  its  course,  as  Falls,  among  others,  has  shown.  It  has  been 
noted,  however,  that  during  experimental  immunization  or  sensitization  a  re- 
action is  obtained  which  is  seemingly  specific.  This  we  believe  can  be  easily 
explained  by  the  colloidal  changes  (precipitation — adsorption)  which  are  in- 
duced in  such  sera  when  the  antigen  is  added  to  them.  The  antiferment  is 
diminished  and  in  the  local  areas  of  deficiency  so  formed  the  serum  proteases 
and  ereptases  can  become  active  and  digest  the  serum  proteins  with  a  resulting 
production  of  amino  acids  and  a  positive  Abderhalden  Test.  We  rather  believe 
that  the  Abderhalden  Reaction,  while  it  has  been  of  considerable  value  in  call- 
ing attention  to  the  importance  of  serum  ferments,  has  really  added  unneces- 
sary complication  by  the  confusion  of  the  ordinary  immunity  reactions  with 
proteolytic  cleavage  supposed  to  be  specific.  As  a  result  the  normal  polyvalent 
serum  protease  has  been  neglected. 

Serum  Protease  Foeeowing  Injury  by  Burns,  Hemoeysins,  Photodvnamic 

Substances,  etc. 

Probably  the  only  recent  work  has  been  that  of  Pfeiflfer  wIk^  has  used 
glycyltryphthophan  as  an  indicator  of  peptolytic  activity.  During  the  course 
of  his  studies  he  has  noted  that  following  injury,  as  for  instance  by  burns,  a 
great  amount  of  ferment  is  thrown  into  the  serum,  which  rfcift'cr  considers  as 
an  evidence  of  cellular  destruction,  believing  that  the  fcrincni  is  derived  only 
from  cells  that  are  destroyed.  He  has  noted  the  same  increase  after  the  injec- 
tion of  hemolysins,  during  photodynamic  intoxication  and  also  during  anapliy- 
latic  shock.  We  do  not  believe  that  it  is  necessary  to  assume  total  destruction 
of  cells  before  ferments  are  liberated,  but  rather  that  such  a  mobilization  can 
occur  from  an  injury  which  need  not  cud  in  lota!  destruction  of  the  cell.  In 
other  words,  the  mobilization  of  the  ferments  can  be  regarded  to  some  extent 
as  a  protective  ( cllular  reaction  ralher  than  as  an  evidence  of  cellular  destruc- 
tion. 
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Changes  During  Lobar  Pneumonia. 
This  seems  to  be  made  evident  by  the  conditions  that  are  found  to  prevail 
during  the  course  of  a  typical  lobar  pneumonia.  It  had  been  observed  previously 
that  a  rapid  increase  in  the  serum  antiferment  occurs  during  the  course  of  the 
early  stages  of  the  disease  with  a  decline  at  or  just  after  the  crisis.  In  a  study 
of  a  number  of  cases  we  have  noted  that  at  the  time  of  the  crisis  a  well  defined 
increase  in  serum  protease  occurs  which  again  disappears  as  soon  as  the  crisis 
is  passed,  ^^'e  can  regard  the  serum  changes  either  as  a  reflection  of  the  proc- 
esses taking  place  in  the  involved  area,  or  as  primary  changes  which  influence 
the  pathological  processes.  Considering  the  intimate  relation  known  to  exist 
between  the  inception  of  autolysis  in  the  involved  lung  and  the  recovery  of  the 
patient  it  would  seem  reasonable  that  these  two  observed  factors — a  lowering 
of  the  antiferment  titre  and  the  increase  in  the  amount  of  protease — are  of  im- 
portance in  initiating  the  autolytic  process  in  the  lung,  and  thereby  the  onset 
of  the  crisis.  In  this  explanation  we  of  course  assume  that  the  source  of  the 
toxic  substances  are  not  to  be  sought  solely  in  the  pneumococcus  protein,  but 
that  the  pneumonic  exudate  itself,  consisting  of  a  tremendous  amount  of  fibrin 
and  leucocytic  debris,  a  foreign  mass  in  so  far  as  the  lung  is  concerned,  repre- 
sents a  matrix  of  potentially  toxic  substances.  As  long  as  the  inhibitory  factors 
are  in  the  ascendancy  the  digestion  of  this  material  must  proceed  slowly,  so  that 
only  the  higher  toxic  split  products  are  absorbed.  As  soon  as  the  inhibitory 
factors  are  overcome,  however,  active  autolysis  can  begin,  the  lower  split  prod- 
ucts only  will  be  absorbed  and  recovery  can  take  place.  Falls  has  recently 
demonstrated  an  increase  in  proteolytic  serum  ferments  at  the  time  of  the  crisis 
by  means  of  the  usual  Abderhalden  technique.  Such  a  ferment  increase  might 
be  interpreted  as  having  its  origin  in  the  leucocytes  of  the  involved  lung  tis- 
sue as  Falls  states,  rather  than  being  considered  a  reaction  product  of  the  cells 
as  a  whole.  Were  this  the  case  we  should  expect  that  the  ferment  would  con- 
tinue to  be  present  for  a  considerable  time  after  the  crisis,  when  autolysis  is 
rapidly  clearing  the  lung  tissue.  This,  however,  is  not  found,  for  after  the  crisis 
the  protease  almost  immediately  drops  back  to  its  original  titre.  Falls  has  not 
been  able  to  find  any  relation  between  the  leucocyte  curve  and  the  protease  con- 
tent of  the  serum,  nor  have  we  noted  any  connection.  It  would  therefore  seem 
reasonable  to  suppose  that  the  serum  protease  does  not  take  origin  from  the 
leucocytes.  Nor  is  its  source  the  pancreas,  for  when  the  organ  is  excised,  the 
animal  responds  with  a  mobilization  of  protease  on  intoxication  just  as  it  would 
normally. 

Bacteriotherapy. 

Our  interest  centered  naturally  about  studies  of  the  ferments  following  bac- 
terial injections.  As  a  result  of  the  work  that  has  originated  through  the  study 
of  the  Abderhalden  reaction,  numerous  efforts  have  been  made  to  obtain  specific 
ferments  against  bacteria,  with  results  quite  at  variance.  It  is  of  course  well 
known  that  bacteria  are  resistant,  both  when  living  and  after  being  killed  in 
various  w^ays,  to  the  most  pow^erful  proteolytic  ferments,  a  resistance  due  most 
probably,  we  are  inclined  to  believe,  to  the  fact  that  the  limiting  membrane  of 
the  organism  is  largely  lipoidal  in  character.  We  have  found  that  various  dried 
organisms  are  resistant  to  digestion  almost  in  proportion  to  the  amount  of  un- 
saturated lipoids  contained. 
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While  therefore  no  effect  of  the  strong  polyvalent  tryptic  ferments  have 
been  observed,  Abderhalden  and  various  workers  have  endeavored  to  show  that 
specific  ferments  might  be  obtained  that  would  digest  the  bacteria.  The  evi- 
dence for  this  assumption  is  quite  contradictory,  and  rests,  we  believe,  on  the 
ordinary  immunity  reactions.  The  whole  subject  is  important  from  the  thera- 
peutic point  of  view,  especially  because  of  its  bearing  on  vaccines  and  bac- 
teriotherapy  in  general. 

As  a  result  of  our  studies  we  have  observed  that  the  intravenous  injection 
of  dried  organisms  is  followed  by  a  very  rapid  mobilization  of  serum  protease 
and  lipase,  the  increase  being  proportional  in  general  to  the  toxicity  of  the  or- 
ganism, and  its  resistance  to  tryptic  digestion.  Thus  following  an  injection  of 
10  mg.  of  dried  typhoid  bacteria  in  a  dog  the  proteolytic  activity  of  the  serum 
increased  from  an  original  titre  of  0.1  mg.  (the  amount  of  noncoagulable  nitro- 
gen formed  from  1  c.c.  of  serum  under  chloroform  in  about  18  hours)  to  0.78  mg., 
five  hours  after  the  injection;  the  lipase  titre  increasing  at  the  same  time  from 
about  1  c.c.  X/100  XaOH  (the  acidity  produced  from  1  c.c.  ethyl  butyrate  by 
1  c.c.  serum  in  4  hours)  to  6.5  c.c.  X/100  X'aOH.  With  tubercle  bacilli  on 
the  other  hand,  which  are  resistant  to  digestion,  practicalh'  no  changes  were 
noted  in  the  serum  ferments. 

It  is  a  well  recognized  fact,  admitted  even  by  A\'right,  that  the  therapeutic 
results  following  the  injection  of  bacteria  (vaccines)  are  not  to  be  explained 
wholly  on  a  specific  basis,  certain  facts  indicating  that  nonspecific  benefits  re- 
sult from  bacteriotherapy.  The  possibility  that  the  explanation  for  this  eflfect 
is  to  be  sought  in  the  mobilization  of  nonspecific  ferments,  such  as  we  have 
demonstrated  following  bacterial  injection,  must  be  kept  in  mind. 

This  subject  has  assumed  a  more  than  casual  interest  in  view  of  the  nu- 
merous reports  of  the  successful  use  of  vaccines  administered  intravenously  dur- 
ing the  course  of  typhoid  fever.  Inasmuch  as  antibodies  are  being  formed  with 
considerable  constancy  during  the  disease  under  the  usual  conditions,  there 
could,  theoretically,  be  no  object  in  seeking  to  stimulate  a  function  of  the  cells 
already  producing  these  substances  to  their  full  capacity.  And  the  recent  re- 
ports of  almost  immediate  recovery  following  the  intravenous  injections  of  vac- 
cines have  emphasized  the  fact  that  following  such  injections  there  are  prac- 
tically no  changes  in  the  antibody  concentration.  This  would  seem  to  be  in  line 
with  the  understanding  reached  in  late  years  that  recovery  in  typhoid  fever 
cannot  be  explained  wholly  on  the  basis  of  the  production  of  the  ordinary 
antibodies,  for  the  patient  may  indeed  reach  a  high  antibody  concentration  long 
before  the  disease  process  has  been  checked.  The  observation  of  Kraus,  among 
others,  that  the  defervescence  occurs  as  well  after  an  injection  of  colon  vac- 
cine in  typhoid  fever,  and  of  Ishawara,  who  aborted  paratyphoid  infections  with 
typhoid  vaccines,  leaves  no  room  for  doubt  that  the  idea  of  spccificitv  is  to  be 
excluded  in  tlic  meclianism  and  that  an  explanation  must  be  sought  along  other 
lines. 

In  this  connection  it  should  be  pointed  out  that  there  are  certain  objection- 
able features  to  the  bacteriotherapy  as  used  in  typhoid  fever,  objections  inherent 
in  the  toxicity  of  the  organisms  and  only  partially  overcome  i)y  the  treatment 
with  serum  such  as  used  in  the  preparation  of  the  Resredka  vaccine.  These 
concern  chieflv  tlie  effect  on  tlic  circulatory  apparatus,  with  occasional  evidences 
of  a  grave  collapse,  and  the  increase  in  peri.stalsis. 
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If  we  regard  the  therapy  as  one  designed  to  stimulate  a  mobilization  of  non- 
specific ferments  it  might  be  possible  to  elicit  such  changes  without  the  em- 
ployment of  an  agent  itself  toxic.  To  this  end  we  have  studied  the  effect  of 
the  intravenous  injection  of  the  various  split  products  of  proteins,  using  several 
proteose  and  peptone  solutions.  As  Jobling  and  Strause  and  Zunz  have  shown, 
the  secondary  proteoses  are  much  less  toxic  than  the  primary,  the  use  of  such 
solutions  might  be  of  value  if  the  stimulation  is  sufficient.  Liidke  has  worked 
along  a  similar  line  and  reports  very  favorable  results  when  solutions  of  deutero- 
albumoses  are  injected  intravenously  during  the  course  of  typhoid   fever. 

The  Effect  oe  a  Chil,l  on  the  Antiferment. 

The  injection  of  the  vaccines  as  well  as  the  deuteroalbumose  solutions  is 
followed  clinically  by  a  marked  chill,  and  the  scrum  examination  usually  shows 
a  well  defined  reduction  in  antiferment  titre  immediately  after  the  chill.  Ex- 
perimentally a  similar  phenomenon  is  noted  when  guinea-pigs,  for  instance, 
are  chilled  for  a  period  of  about  one-half  hour.  Thus  in  one  animal  the  anti- 
ferment titre  fell  from  59%  to  0.0%  per  0.075  c.c.  of  serum,  in  another  from 
75%  to  59%.  Inasmuch  as  the  antiferment  consists  of  highly  dispersed  lipoids, 
it  seems  reasonable  that  during  the  greatly  increased  metabolic  demands  inci- 
dent to  the  chilling  of  the  animals,  the  lipoids  would  be  used  as  available  ma- 
terial. We  therefore  feel  justified  in  ascribing  the  lowering  of  the  titre  follow- 
ing the  vaccine  injection  to  a  similar  cause.  This  fact  in  conjunction  with  the 
possible  increase  in  serum  protease  would  of  course  greatly  facilitate  proteolytic 
processes. 

The  Cause  of  Death  from   Ixaxitiox. 

The  lowering  of  the  antiferment  titre  due  to  a  similar  metabolic  demand 
and  involving  an  interesting  form  of  true  auto-intoxication,  is  that  which  oc- 
curs during  starvation.  It  is  of  course  a  well  known  phenomenon  that  a  large 
increase  in  nitrogen  excretion  occurs  just  before  death  in  starving  animals, — 
the  so-called  premortal  rise, — while  the  animals  themselves,  during  the  course 
of  the  experiment,  present  definite  evidences  of  intoxication,  to  such  an  extent 
that  Schulz  has  advanced  the  idea  that  during  starvation  the  body  metabolism 
is  so  altered  that  periods  of  intoxication  occur  at  intervals,  culminating  in  the 
death  of  the  animal  from  such  a  cause.  Schulz's  views  are  contrary  to  those 
of  Voit,  who  connects  the  death  of  the  animal  with  the  exhaustion  of  the  fat 
depots  of  the  body.  In  studies  which  we  have  made  we  have  determined  the 
following  facts :  During  the  course  of  the  experiment  a  definite  and  progressive 
lowering  of  the  antiferment  titre  occurs,  a  minimum  being  reached  just  before 
the  premortal  excretion  of  nitrogen.  At  this  time  the  noncoagulable  nitrogen 
of  the  serum  increases  very  markedly  and  the  serum  protease  overbalances  the 
inhibitory  effect.  A  typical  protein  intoxication  occurs,  with  an  increase  in 
antiferment  following  as  a  reaction.  If  sufficient  to  check  the  process  the  ani- 
mal may  recover  and  live  over  an  additional  period  of  several  days ;  if  not, 
death  ensues  rather  promptly.  The  death  is  therefore  not  of  necessity  due  to 
a  lack  of  available  energy  material,  but  to  an  intoxication  due  to  protein  split 
products  formed  when  the  antiferment  has  been  reduced  to  such  an  extent  that 
the  ferment  overbalances  it.  If  the  antiferment  is  artificially  increased  the  ani- 
mal may  be  tided  over  such  periods  of  intoxication,  just  as  we  have  shown  that 
the  antiferment  may  afford  some  protection  against  anaphylatic  shock. 
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An  illustrative  experiment  is  shown  in  the  accompanying  chart. 

Curve  1  represents  the  antiferment  titre  in  per  cent  of  inhibition  per  0.075 
c.c.  serum.  Curve  2  represents  the  daily  total  nitrogen  excretion  in  tenths 
grams.  Curve  3  represents  the  total  noncoagulable  nitrogen  per  c.c.  of  serum 
in  tenths  milligrams. 

It  will  be  observed  that  the  premortal  rise  in  nitrogen  excretion  began  in 
this  rabbit  on  the  tenth  day.  The  changes  in  the  ferment-antiferment  balance 
had  occurred  the  day  previously,  i.  e.,  on  the  ninth  day,  when  the  antiferment 
titre  reached  its  lowest  level.  As  a  result  an  intoxication  occurred,  evidenced 
by  the  progressive  increase  in  noncoagulable  nitrogen  and  the  increase  in  anti- 
ferment for  a  short  period.  The  animal  died  on  the  thirteenth  day  of  the 
experiment. 
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The  TherapButic  Effect  of  Iodin. 

The  lowering  of  the  antiferment  titre  and  the  resulting  aid  to  proteolytic 
processes  need  not  of  necessity  lead  to  disastrous  effects,  indeed  it  seems  that 
it  had  been  the  basis  of  the  mechanism  by  means  of  which  iodin  has  been  of 
great  value   therapeutically. 

In  studying  a  series  of  cases  placed  at  our  disposal  through  the  courtesy 
of  Dr.  Fordyce  and  his  associates,  we  have  noticed  that  under  a  course  of  iodides 
the  antiferment  titre  is  quite  constantly  diminished,  \\beiicver  symptoms  of 
iodism  occurred,  the  titre  again  increased  to  its  former  or  greater  value.  Hx- 
perimentally  it  has  been  shown  previously  that  iodides  and  iodin  increase  the 
autolysis  of  macerated  organs,  but  when  injected  into  animals  tbe  etiect  on  the 
antiferment  has  as  a  rule  been  an  increase.  This  latter  fact  is  most  probably 
due  to  the  large  doses  used  and  to  the  fact  that  practically  all  experimental  ani- 
mals have  a  low  titre  to  begin  with  as  compared  In  human  sera,  so  that  changes 
are  much   less  pronounced. 

The  manner  in  which  the  iodin  lowers  the  anlil'ernuMU  litre  is  we  believe 
rather  simple.  The  antiferment  property,  depending  on  the  unsaturated  bond.s 
of  the  lipoids,  is  diminished  by  any  agent  which  lends  to  decrease  ihe  unsatura- 
tion  of  these  bodies.  Iodin  and  iodides  given  over  a  period  ^>\  time  gradually 
are  taken   ii])   by   the   lipoids  and   saturate  these  valences   with   a    resulting  Ics- 
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sening  of  the  antiferment  property.  Whatever  proteolytic  ferments  are  then 
present  will  of  course  have  a  greater  field  of  action  and  necrotic  tissue  especially 
will  undergo  autolysis  and  disappear.  This  explanation  offers  a  reasonable  basis 
for  an  empiric  therapy  which  is  of  undoubted  value  in  the  removal  of  necrotic 
material;  in  the  exposure  of  diseased  foci  in  necrotic  masses  to  the  effect  of 
specific  therapeutic  agents;  and  possibly  in  the  treatment  of  infectious  diseases 
when  greater  proteolytic  activity  is  to  be  obtained. 

The  Increase  in  Antieerment. 

That  an  increase  in  antiferment  would  be  of  value  in  preventing  the  forma- 
tion of  protein  split  products  and  thereby  act  as  a  protective  agent  is  beyond 
question.  There  seems  to  be  evidence  however,  that  an  increase  in  the  anti- 
ferment may  perceptibly  alter  the  metabolism  of  the  organism,  as  for  instance 
in  bringing  about  the  condition  of  hibernation.  Theoretically  it  should  be  pos- 
sible to  increase  both  the  intracellular  as  well  as  the  serum  antiferment  to  such 
an  extent  that  protein  cleavage  of  any  kind  would  be  held  in  abeyance. 

During  the  course  of  our  work  we  have  noticed  that  even  in  dogs  the  anti- 
ferment titre  seems  much  lower  during  the  summer  than  the  winter,  the  de- 
crease in  some  instances  amounting  to  fully  fifty  per  cent.  Probably  the  work 
of  Mayer  and  Schaeffer  is  suggestive  in  this  connection.  By  means  of  careful 
quanitative  studies  they  noted  that  there  was  not  only  an  increase  in  the  rela- 
tive amount  of  lipoids  of  the  serum  and  tissues  during  hibernation  but  the  iodin 
value  of  the  lipoids  was  greatly  increased,  indicating  an  augmented  antiferment 
power.  Whether  this  bears  some  relation  to  the  peculiar  glandular  enlarge- 
ments noted  during  hibernation  has  not  been  determined.  The  subject  is  one 
of  several  in  which  the  direct  influence  of  the  antiferment  seems  apparent.  The 
field  is  so  broad  and  the  applications  so  many  that  we  have  simply  endeavored 
to  indicate  a  few  lines  along  which  the  relative  changes  between  ferment  and 
antiferment  have  seemed  to  us  to  play  a  part  in  the  mechanism  of  pathological 
and  physiological  processes. 

A  complete  review  of  the  literature  is  found  in  a  series  of  papers  published 
in  the  Journal  of  Experimental  Medicine. 


EXPERIMENTAL  AND  CLINICAL  STUDIES  ON  MENTAL 

DEFECTIVES,  I. 


A  Practicai^  System  of  Diagnosis  and  Study  Based  on  the  Principle  of 
Growth-Development  as  the  Expression  of  Constitutional 

Character  or  Defect. 


By  Amos  W.  Petkrs,  Ph.D.,   with  the  assistance  oe  Carolixe  D.  Beackburn, 

Philadelphia,   Penx. 


THE  view  of  the  pathology  of  the  feeble-minded  which  is  expressed  in  the 
above  title  is  the  outgrowth  of  several  years  of  combined  laboratory  and 
clinical  study  of  such  cases.  The  technic  here  described  is  designed  for  the 
examination  and  study  of  the  mental  defective  from  the  physio-pathological  as 
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well  as  the  psycho-pathological  standpoint.  I  believe  that  the  evidence  of  studies 
made  by  this  technic  shows  that  with  mental  defectives  including  the  feeble- 
minded we  are  studying  primarily  errors  of  physical  growth  and  development 
whose  essential  nature  is  not  simply  neural  but  extends  in  some  degree,  and 
in  many  cases  most  pronouncedly,  to  any  or  all  other  systems  of  organs.  This 
practical  generality  of  pathological  condition  we  may  justly  ascribe  to  intimate 
hormonal  or  neural  correlation  or  both.  In  the  majority  of  cases  these  devia- 
tions from  the  normal  course  are  constitutional,  i.  e.,  they  are  inherent  in  the 
character  of  the  germ  cells,  they  begin  with  the  parentage,  are  continued  and 
magnified  during  the  period  of  gestation,  and  are  deeply  impressed  in  the  phys- 
ical constitution  of  the  individual  so  that  abnormal  growth  and  development 
characterizes  such  individual  not  only  during  gestation  but  continuously  after 
birth.  The  acquired  cases  dififer  from  the  others  only  in  the  fact  that  the  i)i- 
cidence  of  the  disturbance  of  their  growth-development  has  occurred  at  a  later 
period  in  the  cycle  of  development.  The  fundamental  fact  even  in  these  cases 
is  still  the  perversion  of  the  normal  course  of  growth  and  development  of  the 
physique. 

The  feeble-minded,  therefore,  stand  before  us  as  a  biological,  a  pathological 
phenomenon,  the  physio-pathological  study  of  which  can  be  differentiated  into 
a  physiological  and  a  biochemical  subdivision.  It  should  be  noted  that  the  pur- 
suit of  this  problem  by  any  one  physiological  or  pathological  method  exclusive 
of  the  others  is  fatal  to  the  success  of  that  one  method  itself.  As  subsequent 
publication  of  our  study  of  these  cases  will  show,  this  fact  is  due  to  the  com- 
plexity of  these  pathological  conditions,  which  greatly  exceeds  that  of  the  cur- 
rent conception  of  the  simple  omission  of  a  something  from  their  neural  de- 
velopment. Having  begun  with  an  eft'ort  to  further  the  solution  of  the  patho- 
logical problem  of  the  feeble-minded  by  the  immediate  application  of  the  bio- 
chemical method,  it  gradually  became  evident  that  for  intelligent  orientation  and 
interpretation  this  method  stood  in  need  of  a  generalized  viewpoint  to  guide  its 
attacks.  Experience  demonstrated  that  such  study  should  be  preceded  or  at 
least  accompanied  by  a  preliminary  introductory  examination  of  an  anatomico- 
physiological  nature.  It  was  thus  found  necessary  to  evaluate  the  physique 
physiologically  and  pathologically,  upon  which  experiment  by  the  biochemical 
method  was  to  follow.  We  have  therefore  described  our  technic  in  its  logical 
order,  thus  deferring  the  biochemical  parts  to  subsequent  papers.  For  the  pur- 
pose of  this  preliminary  orientation  the  system  of  procedures  below  descrilied 
was  evolved  from  the  practical  examination  and  study  of  sufficiently  numcnnis 
cases  and  this  method  is  now  used  as  an  introductory  and  diagnostic  routine  for 
subsequent  more  intensive  studies  as  shown  below  in  ihe  general  plan,  lis 
utility  and  application  is  by  no  means  confined  to  a  lirst  examinalion.  The  de- 
velopment of  this  svstem  has  placed  the  writer  in  the  possession  of  tiie  results 
so  obtained  on  fifty  miscellaneous  cases  comprising  eighty-two  examinations 
which  include  both  normal  and  ])athol'\gical  individuals.  .\n  interesting  part 
of  this  material  consists  of  several  family  groups  in  which  are  comprised  both 
psychologically  normal  and  psychopathic  members  of  the  same  family.  These 
results  will  be  subsequently  reported. 

The  utilities  of  the  following  orderly  system  of  examination  and  study  may 
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be  summarized  as  follows.  First,  stands  the  immediate  diagnostic  value  of  the 
results  thus  obtained.  Second,  the  observation  and  measurement  of  growth- 
developmental  changes  as  they  occur  in  the  natural  course  of  physiological  de- 
velopment of  both  defective  and  of  normal  subjects  and  the  resulting  possibility 
of  accurate  comparison  with  the  growth-development  of  normal  individuals. 
Third,  the  measurement  of  growth-developmental  changes  as  a  measure  of  the 
results  obtained  by  any  given  method  of  care  and  treatment,  whether  the  con- 
ditions be  physiological,  pathological  or  experimental.  Fourth,  the  study  of  the 
inheritance  of  the  characters  involved,  or  shown  by  a  comparison  of  the  results 
obtained  on  family  groups. 

In  this  connection  we  may  record  our  experience,  that  because  the  technic 
here  described  touches  the  personality  of  the  subject  in  such  manifold  ways,  a 
competent  and  experienced  examiner  will  successfully  diagnose  from  75  to  100 
per  cent  of  unselected  mental  defectives  independently  of  the  customary  psy- 
chological examinations.  This  is  not  to  be  taken  as  an  argument  or  justification 
for  the  omission  of  the  latter,  for  our  plan  of  investigation  definitely  provides 
for  an  examination  of  the  mental  ability  of  the  subject.  However,  the  above 
success  which  we  have  repeatedly  observed  does  show  how  intimate  and  evi- 
dent the  correlation  between  physiological  and  psychological  conditions  is  in  these 
cases. 

It  should  be  noted  that  the  same  technic  is  intended  to  serve  the  important 
purpose  of  making  a  parallel  survey  of  mentally  normal  subjects  not  only  for 
comparison  with  the  defective  but  also  for  the  study  in  the  human  subject  of 
normal  growth  and  development  itself.  The  importance  of  such  surveys  of 
normal  individuals  for  both  scientific  and  practical  purposes  should  not  be  un- 
derestimated. The  collective  data  on  well  selected  normal  material  are  too  few 
in  the  literature,  the  results  that  might  thus  be  obtained  are  of  evident  impor- 
tance, and  the  experience  to  the  examiner  of  noting  certain  contrasts  in  the  re- 
sults obtained  on  normal  and  defective  subjects,  are  considerations  that  should 
induce  one  to  make  use  of  every  opportunity  that  offers  for  obtaining  data  on 
any  physically  peculiar  but  mentally  normal  person  whether  child  or  adult. 

We  are  confronted  at  the  outset  with  the  practical  question  as  to  which  ex- 
amination we  should  make  first,  the  physio-pathological  or  the  psycho-patholog- 
ical. Customary  practice  thus  far  scarcely  takes  cognizance  of  the  practical 
significance  of  anything  beyond  the  psychological  examination.  Physical  exam- 
inations it  is  true  are  made  as  an  almost  meaningless  routine,  for  they  are  not 
correlated  with  the  mental  findings,  are  not  incorporated  as  related  integrals  into 
the  ensemble  of  a  complete  examination,  and  they  are  too  often  made  only  from 
the  physician's  customary  standpoint  of  the  temporary  health  of  the  subject 
and  thus  completely  fail  to  seize  those  data  which  pertain  to  the  growth-develop- 
mental defects  which  are  the  most  fundamentally  important  facts  in  the  path- 
ology of  the  case.  In  our  opinion  the  systematic  survey  should  begin  with  the 
physiological  examination  rather  than  the  psychological.  Experience  will  teach 
the  examiner  that  the  present  physique  of  the  subject,  his  physio-pathological 
history,  the  history  of  his  growth  and  development  and  the  ascertainable  facts  of 
his  heredity  provide  a  logical  background  for  the  psychological  findings.  The 
direction  of  logical  explanation  is  from  the  physiological  condition  as  a  causa- 
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tive  basis  to  the  psychological  as  an  intelligible  effect  and  not  the  reverse,  espe- 
cially in  the  case  of  mental  defectives,  regardless  of  what  opinion  one  may  hold 
for  certain  other  psychiatrical  cases  or  conditions.  To  interpret  the  psvcholog- 
ical  findings  or  in  the  present  state  of  our  knowledge  even  to  make  an  attempt 
to  explain  them,  the  underlying  physio-pathological  conditions  must  be  recog- 
nized to  be  the  determining  substratum.  The  reverse  procedure  may  possibly 
some  day  become  practicable  when  our  knowledge  shall  have  increased  far  be- 
yond its  present  bounds.  To  the  practical  examiner  who  comes  in  contact  with 
such  cases  as  will  be  subsequently  described  in  these  papers  and  who  accustoms 
himself  to  place  in  juxtaposition  both  physiological  and  psychological  findings 
the  above  arguments  are  superfluous.  Our  purpose  is  rather  to  emphasize  the 
necessity  of  actually  making  the  right  kind  of  physio-pathological  examination 
and  especially  of  practically  recognizing  the  pathogenetic  relation  between  the 
physical  and  the  mental  findings. 

At  this  point  we  desire  to  guard  against  certain  misconceptions  which  are 
probably  due  to  use  of  the  term  "examination."  The  investigation  of  a  sub- 
ject as  here  planned  is  rather  a  study,  the  preliminary  and  introductory  parts 
of  which  may  be  made  at  a  single  initial  conference  occupying  from  two  to 
three  hours  or  more  depending  upon  the  findings.  The  kind  of  examination 
here  described  involves  careful  observation,  and  especially  experimental  physio- 
logical testing  with  which  hasty  and  routine  procedures  are  wholly  incompat- 
ible. The  examiner  needs  an  assistant  both  for  the  procedures  themselves  and 
for  recording  from  dictation  the  measurements  and  observations  or  two  exam- 
iners can  profitably  work  together.  The  writer  working  under  institution  condi- 
tions permits  two  women  assistants  to  do  as  much  of  the  preliminary  examina- 
tion as  they  are  trained  for  and  accustomed  to  do  but  makes  it  a  rule  to  sur- 
vey each  new  case  carefully  himself  at  the  close  of  the  introductory  examina- 
tion and  then  dictates  his  own  observations  as  personal  "addenda"  to  the  record 
already  made.  This  saves  the  examiner's  time  without  depriving  him  of  an 
increasing  and  very  desirable  first-hand  experience.  The  form  of  record  should 
be  so  flexible  and  adjustable  as  to  permit  extended  description  where  the  con- 
ditions indicate  its  value.  The  worst  form  of  record  is  that  which  provides  a 
fixed  and  usually  small  space  for  the  same  heading  for  all  cases.  This  form 
encourages  routine  expression  and  omission.  It  will  happen  that  a  heading  in 
some  cases  will  require  extended  description,  in  others  only  the  word  "nega- 
tive" or  "normal."  We  therefore  adopt  the  plan  of  having  a  printed  or  type- 
written outline  before  us  as  a  guide  in  which  each  pi>ini  to  be  noted  is  given 
an  unchangeable  number  by  which  it  is  represented  in  the  written  record  thus 
permitting  the  space  for  each  heading  to  be  adjusted  to  the  greater  or  lesser  ex- 
tent of  the  findings  in  each  case.  Great  care  s'liould  be  taken  to  preserve  in 
systematic  way  the  original  records  which  are  made  in  the  presence  oi  the  case 
and  to  distinguish  between  these  and  any  copies  or  elaborations  sub>c(iuenlly 
made.  The  trained  laboratory  worker,  of  course,  always  ()b>cr\es  this  distinc- 
tion and  rigidly  refrains  from  substituting  a  "c()[)ied"  record  which  is  "nicer" 
or  "better"  for  the  original  made  in  the  presence  of  the  facts  themselves.  The 
observer  should  if  necessary  train  himself  away  from  the  duplication  of  labor 
and  the  experimental  error  involved  in  copying  first  records  of  observations  for 
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the  purpose  of  improving  them.  The  disorder  thus  sought  t(j  he  remedied  must 
not  be  permitted  in  the  first  instance.  All  records  must  hear  prima  facie  evi- 
dence as  to  who  made  the  observations  and  when  they  were  made. 

It  should  be  emphasized  that  the  utility  of  the  present  plan  of  examination 
and  study  is  by  no  means  confined  to  a  first  or  preliminary  investigation.  A  study 
of  the  progressive  growth-developmental  changes  of  a  young  person  or  of  the 
progress  of  certain  pathological  changes  can  he  made  by  repeating  at  proper 
intervals  selected  portions  of  the  plan  of  measurements  and  of  observations  and 
tests.  It  is  surprising  for  what  short  intervals  exact  measurements  can  demon- 
strate growth  in  a  rapidly  developing  young  subject  as  some  repeated  measure- 
ments recorded  by  this  method  show.  An  accurate  record  of  such  measure- 
ments and  observations  on  development  taken  on  the  same  individuals  of  both 
normal  and  of  mentally  defective  types  would  be  highly  interesting  and  detailed 
data  on  the  history  of  the  same  individual  are  exceedingly  rare  if  not  entirely 
absent  from  the  literature.  On  the  other  hand  there  are  considerations  which 
make  a  certain  amount  of  repetition  of  measurements  when  the  subject  is  not 
perceptibly  changing  of  importance.  Such  repetitions  made  by  the  same  and 
by  dififerent  examiners  give  us  the  data  for  estimating  the  limits  of  variability 
of  the  method  itself  either  in  the  hands  of  the  same  or  of  several  different  ex- 
aminers. It  will  also  soon  become  apparent  to  the  practical  worker  that  some 
items  in  the  scheme  of  measurements  are  capable  of  much  more  exact  repetition 
than  others  and  he  should  have  some  conception  of  the  amount  of  the  variability 
for  each  measurement.  To  this  subject  we  shall  return  later  in  the  discussion 
of  some  of  the  results  obtained. 

We  now  come  to  the  practical  question  as  to  what  should  be  included  in  an 
adequate  scheme  of  examination  and  diagnosis  of  the  mental  defective  which 
scheme  should  not  stop  at  this  point  but  also  furnish  the  basis  for  further  study 
and  research.  The  content  of  such  a  scheme  will  be  m.uch  influenced  by  two 
factors  one  of  which  is  the  author's  views  on  the  possible  pathogenesis  of  such 
cases  and  the  other  is  the  present  state  of  our  knowledge  or  better,  the  present 
degree  of  development  of  the  method  and  technic  of  scientific  investigation.  Af- 
ter having  studied  the  pathology  of  these  cases  for  a  number  of  years  and  hav- 
ing made  what  must  of  course  be  only  a  personal  survey  of  current  scientific 
method  that  is  available  or  that  can  be  applied  to  the  problem,  the  writer  ven- 
tures to  propose  for  consideration  the  following  subdivisions  of  such  a  scheme : 

GENERAL  PLAN  FOR  THE  STUDY,  DIAGNOSIS  AND  INVESTIGA- 
TION OF  MENTAL  DEFECTIVES 

A.  Anthropometric  measurements. 

B.  Physio-pathological  observations  and  tests,  including  data  on  abnormal- 
ities of  growth-development. 

C.  Physiological  and  pathological  history  of  the  individual. 

D.  Family  history  and  especially  data  pertaining  to  the  mother  during  the 
period  of  gestation. 

E.  Mental,  and  especially  intelligence,  tests  and  studies  of  the  individual 
both  independently  and  in  the  light  of  the  preceding  data. 

F.  Experimental  physiological  and  biochemical  evaluation  of  the  pathology 
of  the  individual,  especially  studies  on  the  metabolism  and  blood. 
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G.  Experimental  care-taking  of  feeble-minded  mdividuals  or  of  small 
groups  for  the  application  of  all  the  available  scientific  data  above  obtained,  or 
obtainable  in  scientific  literature,  to  the  physical  improvement  of  these  subjects, 
including  especially  their  diet  and  nutrition. 

H.  Anatomical,  histological  and  biochemical  studies  on  the  organs  and  tis- 
sues of  the  individual,  especially  on  the  nervous  and  the  glandular  systems,  in- 
clusive of  glands  of  internal  secretion. 

Armed  with  a  foundation  of  pathological  knowledge  we  could  now  add  the 
logically  following  topics  of  prevention,  therapeusis  if  any,  personal  care  and 
management  of  these  cases,  and  finally  the  most  scientific  solution  of  the  socio- 
logical problem  of  the  mentally  defective. 

OUTLINE  FOR  THE  EXAMINATION  AND  STUDY  OF  MENTAL 

DEFECTIVES 

Division  A.     List  of  Axthropometric  Dimensions. 

Group  I :    Sonic  General  Dimensions.     See  Xotes  Xos.  ^-14. 

1.  Age  =  A.  2.  Weight  =  W.  3.  Total  height  =  H.  4.  Arm  span 
=  S.  5.  Height  to  lower  margin  of  symphysis  pubis  =  Sy.  6.  Height  to  navel 
=  Na.     7.     Height  to  iliac  crest.  Right,  Left  =-- 1. 

Group  II:     Thoracic  Dimensions.     See  Xotes  Xos.  2-14. 

8.  Smallest  neck  circumference.  9.  Total  basal  profile  =  Bf.  10.  Sec- 
sions  of  basal  profile,  Bfl,  Bf2.  Bf3.  10a.  Drawing  of  basal  profile.  11.  Basal 
line  =  (Friedenthal's  a)=B.  12.  Transverse  shoulder  line  =  (Friedenthal's 
b).  13.  Transverse  thoracic  diameter  at  level  of  axillae,  i.  e..  at  4th  costal 
cartilage.  14.  Dorso-ventral  thoracic  diameter  at  level  of  axillae,  i.  e.,  at  4th  costal 
cartilage.  15.  Dorso-ventral  thoracic  diameter  over  nipples.  16.  Thoracic  cir- 
cumference at  level  of  axillae  on  inspiration.  17.  Thoracic  circumference  at 
level  of  axillae  on  expiration.  18.  Thoracic  circumference  over  nipples.  19. 
Suprasternal  nipple  line.  Right.  Left.  20.  Transverse  straight  line  between  nip- 
ples. 21.  Length  of  vertical  breast  contour.  22.  Vertical  distance  of  nipple 
parallel  from  parallel  of  substernal  notch. 

Group  III :    Abdominal  Dimensions.    See  Xotes  Xos.  3-1  f. 

23.  Smallest  circumference  of  waist.  24.  Abdominal  circumference  at 
iliac  level.  25.  Dorso-ventral  abdominal  diameter  at  iliac  level.  2(i.  Trans- 
verse abdominal  diameter  at  iliac  level.  27.  Transverse  iiclvic  line  at  level  of 
symphysis  pubis  ^  (Friedenthal's  d). 

Group  IV:     Appendicular  Dimensions.     See  Xotes  Xos.  2-1  f. 

28.  Circumference  of  thigh  at  level  of  crotch.  Right.  Left.  29.  Circum- 
ference of  arm  at  level  of  axillae,  Right,  Left.  30.  Right  upper  extremity- 
upper  arm,  forearm,  hand  extended,  (inc.  carpus).  31.  Kight  hand— middle 
metacarpal,  phalanges   I,   II.    III.     }>1.     Right  little  finger— phalanges  L   IL  HI. 

33.  Left  upper  extremity — u])per  arm.  forearm,  hand  extended,    (inc.  carpus). 

34.  Left  hand— middle  metacarpal  phalanges   T.   11,   111.     3,^.     Left  little  finger 
— phalanges  I.  11.  IH. 
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Group   V:     Cephalo-Spinal  Dimensions.     See  Notes  Nos.   2-1  p. 
36.     Cranial  length.     37.     Cranial  width.     38.     Cranial  height.     39.     Cranial 
circumference.     40.     Frontal  arch.     41.     Frontal  radius.     42.     Height  of  head. 

Division  B.     General  Anatomico-Physiological  and  Neurological 

Observations  and  Tests. 

Group  VI:    Skeleton,  Figure,  Posture,  Locomotion.     See  Note  No.  15. 

51.  Proportions,  observable.  52.  Skeleton,  general  and  extremities — bones, 
large,  small,  medium,  normal.  Extremities,  normal  or  curved.  53.  Deformi- 
ties. Description  of  anatomical  condition.  54.  Cephalic  skeleton.  Size,  con- 
formation, sutures.  55.  Thoracic  skeleton.  Pathological  types.  56.  Abdom- 
inal protrusion.  57.  Peculiarities  in  posture.  58.  Gait.  59.  Locomotion  to 
point,  blindfolded.     60.     Ability  to  heel  and  toe  a  line. 

Group  VII :    Skin,  Hair,  Nails,  Sweat  Glands,  Fat.     See  Note  No.  15. 

61.  Color  and  surface  of  skin.  62.  Color  and  texture  of  hair,  compara- 
tive of  scalp,  axillae,  genital  region,  other  surfaces.  63.  Growth  and  distribu- 
tion of  hair.  Abdominal  hair  line.  64.  Nails.  65.  Sweat  glands.  66.  Fat, 
quantity  and  distribution. 

Group   VIII:     Mouth,  Nose,   Throat,  Ears,  Eyes.     See  Note  No.   75. 

67.  Conformation,  especially  of  arch.  68.  Teeth.  69.  Tongue  and  its 
glands.     70.    Tonsils.     71.     Pharynx  and  adenoids.     72.     Ears.     73.     Eyes. 

Group  IN :    Genitals  and  Superficial  Glands,  Pelvis.     See  Note  No.  75. 

74.  Developmental  stage,  size,  glandular  conditions.  75.  Deformities  or 
abnormalities  in  secondary  sexual  organs.  76.  Anatomical  internal  genito-uri- 
nary  conditions.  77.  Genito-urinary  functional  activity.  78.  Anatomical  rec- 
tal conditions,  and  rectal  functional  activity.  79.  Inguinal.  80.  IMamillary- 
axillary.     81.     Cervical.     82.     Thyroid. 

Group    X:     Internal    Organs — Cardio-vascidar,    Pulmonary,    Abdominal.      See 

Note  No.  ij. 
83.  Vaso-motor  conditions  as  observed  in  the  skin.  84.  Position  of  apex 
beat.  85.  Character  of  sounds  by  stethoscope.  86.  Pulse:  Rate  difference 
lying  and  standing,  regularity  or  intermittence,  force.  87.  Blood  pressure,  ly- 
ing, standing.  88.  Respiration :  Type,  number.  89.  Spirometer.  90.  Ab- 
dominal conditions. 

Group  XI:    N euro-Muscular  Organs  and  Reflexes.     See  Note  No.  16. 

91.  Automatism.  92.  Dynamometer.  93.  Tremor  of  spread  fingers. 
94.  Pupillary  and  conjunctival.  95.  Knee  jerk.  96.  Plantar.  97.  Babinski. 
98.  Ankle.  99.  Epigastric.  100.  Abdominal.  101.  Sensitivity  to  needle. 
102.     Sensory  defects.     103.     Speech  defects. 

Group  XII:    Mental,  Especially  Intelligence  Tests.     See  Notes  N'os.  2-14. 
Group  XIII.     Blood:     Cytology,  Immunology,  Biochemistry. 

110.  Absolute  blood  count.  111.  Differential  blood  count.  112.  Hemo- 
globin. 113.  Coagulation  time.  114.  W'assermann  reaction.  115.  Tubercu- 
lin reaction. 
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Group  XIV.  Nutrition  and  Metabolism:  Urine,  Xitrogen,  Calcium,  Phos- 
phorus, Chlorine,  Sugar,  Respiratory,  Exchanges. 
120.  Quantity,  color,  specific  gravity  of  24-hour  urine.  121.  Quantitative 
acidity  of  24-hour  specimen.  122.  Albumen  reaction  of  24-hour  specimen. 
123.  Sugar  reaction  of  24-hour  specimen.  124.  Quantitative  calcium  oxide  of 
24-hour  specimen.  125.  Quantitative  phosphoric  acid  of  24-hour  specimen. 
126.  Quantitative  chlorine  of  24-hour  specimen.  127.  Urinary  sediment,  in- 
organic, of  24-hour  specimen.  128.  Urinary  sediment,  organic,  of  24-hour  spec- 
imen. 

NOTES  ON  TECHNIC  AND  REFERENCES. 

It  is  evident  that  the  qualifications  of  training  and  experience  that  can  be  applied 
in  the  above  plan  of  examination  and  study  ranges  from  that  of  the  instructed  laboratory 
assistant  to  that  of  the  medically  skilled  and  experienced  professional  person.  An  in- 
telligent and  educated  person  whose  interests  lie  in  this  direction  can  learn  to  do  nearly 
all  of  it  in  a  satisfactory  way.  This  statement  applies  to  the  ascertainment  of  facts  but 
by  no  means  to  their  interpretation  and  utilization.  The  scientific  relations  of  many  of 
these  topics  and  their  pathological  significance  must  be  left  for  illustration  and  discussion 
in  the  reports  of  cases  so  studied  and  which  will  be  subsequently  published.  It  would 
obviously  require  a  booklet  rather  than  a  paper  to  enter  into  the  details  of  the  above 
technic.  We  shall  therefore  refer  to  the  following  sources  of  information  which  have 
been  selected  with  special  reference  to  the  assistance  they  can  give  in  the  use  of  the  above 
outline.  This  list  does  not  constitute  a  bibliography  of  the  topics  involved  but  it  is  a  suf- 
ficiently comprehensive  guide  to  the  necessary  information  regarding  methods  of  pro- 
cedure, instruments  and   apparattis  required,  as  well  as  a   further  index  to  the  literature. 

On   the  general  topic   of  groZi.'th   a)id   development: 

(1)  Friedenthal,  Hans:  Allgemeine  und  spezielle  Phvsiologie  des  Menschenwach- 
stums.     Berlin,   Springer,   1914.     Pp.' X -f  161. 

Contains   a   good   bibliograph}'   on   human   growth. 

On  Groups  I  to  V,  Anthropometry,  and  Group  Xfl.  Mental,  Especially  InieUigcnce 
Tests: 

(2)  Report  of  Anthropometric  Investigations,  British  Isles.  Reprinted  with  ad- 
ditional illustrations  bv  permission  of  the  Council  from  the  Report  of  the  British  As- 
sociation   (Dublin  Meeting)    1908.     Pp.  351.     ff. 

(3)  Montessori,  ]Maria :  Pedagogical  Anthropologv.  New  York,  Fred.  A.  Stokes 
Co.,   1913.     Pp.  XI +  508. 

(4)  Hastings,  Wm.  W. :  Manual  for  I'livsical  Measurements.  1902.  Pp.  X\'lll 
+  112. 

Contains  anthropometric  tables  for  each  age  and  sex  from  5-25  years,  also  vitality 
coefiicients. 

(5)  P^le,  William  H. :  The  Examination  of  School  Children.  A  Manual  of  Di- 
rections and  Forms.     New  York,   Macmillan  Co.,   1913.     Pp.  67. 

(6)  Yerkes,  Robert  M. ;  Bridges,  James  W. ;  Hardwick,  Rose  S. :  .\  Point  Scale 
for   Measuring   Mental   Abilit}-.     Baltimore,   Warwick  &  York,    Inc.,    1915.     Pp.   218. 

(7)  Haines,  Thomas  H.:  Point  Scale  Ratings  of  Delinquent  Boys  and  Girls.  From 
Juvenile  Research  Bureau,  Columbus,  Ohio.  Psychological  Review.  Vol.  22,  No.  2,  pp. 
104-109.     March,   1915. 

(8)  Haines,  Thomas  H. :  Diagnostic  Values  of  Some  Performance  Tests.  Bureau 
of  Juvenile  Research,  Columbus,  Ohio.  Psychological  Review.  \'ol.  22,  No.  4,  pp.  299- 
305.     July,   1915. 

(9)  Goddard,  Hcnrv  H.:  Standard  Method  for  Giving  the  Binet  Test.  Reprint 
from  The  Training  School  Bulletin,  Vol.   10,  No.  2,  pp.  23-30.     April.   1913. 

(10)  Healy,  William:  The  Individual  Delinquent.  A  text-book  of  diagnosis  and 
prognosis  for  all  concerned  in  understanding  ofTenders.  Boston,  Sittic,  1915.  Pp.  XVI 
+  830. 

(11)  llealv,  William,  and  Fernald,  G.  M.:  Tests  for  practical  mental  classification. 
Lancaster,  Penn.',   Review  Pub.  Co.,   1911.     Pp.  VII  +  53. 

(12)  Wliipplc,  Guy  M. :  Manual  of  Mental  and  Physical  Tests.  Part  T:  Simpler 
Processes.  Part    11:     Complex    Processes.      U.iltimorc,    Warwick   &:   York,    Inc.,    1915. 

Part  II,  p.  324,  presents  a  very  well  selected  list  of  references  on  Serial  Graded 
Tests  for  Developmental  Diagnosis,  by  means  of  which  the  reader  can  orient  himself 
on  this  topic. 

(13)  Thorndike,    Edward    L. :      An    Introduction   to   the    Theory   of   Mental    and    So- 
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cial  Measurements.     2nd  ed.     Published   by   Teachers   Collese,    Columbia  University,    New 

^^^^^'C 14)^' Stern,    W^     The    Psychological    Methods   of    Testing    Intelligence.      Translated 
by  Guy  M.  Whipple.     Baltimore,  Warwick  &  York,  Inc..  1915. 

On  Groups  VI  to  X:  _     ,       ,   ^,.   •     ,     .  o    i      i      -ni  -i 

(15)  Eisendrath,   Daniel   L. :      A   Text-Book   of   Clinical    Anatomy.     2nd    ed.      Phila- 

delphiaj  W.  B.  Saunders  Co.,  1907.     Pp.  535. 

On  Group  XI:  ^  _  ^..  „,  .,    ,  ,  ,  . 

(16)  Hunt,    Robert    L-     Diagnostic    Symptoms    in    ^ervous    Diseases.      Philadelphia, 

W.  B.   Saunders 'Co.,  1914.     Pp.  229. 

On  Groups  XIII  and  XIV:  ,.        .  ^  t         vtt 

(17)  The  preceding  parts  of  the  -above  Outline,  i.  e.,  Groups  I  to  All  pertain  ap- 
proximately to  subheads  A  to  E  of  the  General  Plan.  The  material  of  Groups  XIII  and 
XIV  belongs  more  properlv  under  Subhead  F,  which  is  essentially  a  research  topic.  Here 
each  competent  worker  will  want  to  make  his  own  selection  or  invention  of  method  adapted 
to   his    special   purpose.      For   routine   purposes    the    standard    works    on    diagnostic    technic 

will  suffice.  ...  i  j 

(18)  For  such  measurements  as  are  taken  standing,  a  certain  uniform  normal  stand- 
ing position  must  be  adopted,  e.  g.,  heels  in  contact,  body  erect  as  is  natural  to  the  in- 
dividual and  not  a  straight  pose.  In  measuring  certain  dimensions  the  distinction  should 
be  observed  between  distances  measured  on  or  across  the  body  surfaces  as  contours  or 
profiles  and  those  of  the  nature  of  diameters  and  to  be  measured  as  straight  lines  be- 
tween designated  points  or  their  projection   in   space. 

(19)  The  Arm  Span,  (No.  4)  should  be  taken  as  the  distance  measured  on  a 
straight  horizontal  line  betw^een  the  extreme  points  of  the  two  middle  fingers  when  the 
arms  are  extended  at  right  angles  to  the  trunk.  Note  that  it  is  not  correctly  or  accurately 
measured  across  the  surface  of  the  chest. 

(20)  The  Total  Basal  Profile  B'f,  (No.  9)  is  measured  on  the  anterior  surface 
of  the  trunk  from  the  suprasternal  notch  to  the  lower  surface  of  the  symphysis  pubis.  It 
is  not  commonly  a  straight  line.     Normal   standing   position. 

(21)  Section  Bfl  of  the  basal  profile,  (No.  10)  extends  from  suprasternal  notch  to 
the  substernal  notch,  Bf2  from  latter  to  navel,  Bf3  from  navel  to  lower  margin  of  sym- 
physis pubis.     Normal   standing  position. 

(22)  Drawing  of  basal  profile,  (No.  10a)  should  be  made  to  scale  for  the  three 
sections  and  should  correctly  show  the  natural  curvatures  or  angles  as  seen  from  a  side 
view  taken  in  normal  standing  position. 

(23)  The  Basal  Line  B,  (No.  11)  should  be  taken  as  the  distance  measured  on  a 
straight  vertical  line  from  the  level  of  the  suprasternal  notch  to  the  level  of  the  lower  mar- 
gin of  the  symphysis  pubis.  It  is  not  a  contour  or  profile  line.  Normal  standing  posi- 
tion. 

(24)  The  suprasternal  nipple  line  is  measured  in  a  straight  line  from  the  supraster- 
nal notch  to  the  right  and  left  nipples  respectively,  regardless  of  sex  or  in  any  case  of 
what  the  position  of  the  nipples  may  be. 

Summary. 

(1)  The  pathology  of  mental  defectives  including  especially  the  feeble- 
minded is  based  on  the  principle  that  their  condition,  both  physio-pathological  and 
psycho-pathological  is  due  to  physical  abnormalities  of  growth  and  development 
which  affect  not  only  the  neural  but  also  other  systems  of  organs  by  reason  of 
intimate  hormonal  or  neural  correlation  or  both.  In  the  majority  of  cases  these 
begin  with  the  parentage,  are  continued  and  magnified  during  the  period  of  ges- 
tation, and  arc  deeply  impressed  in  the  physical  constitution  of  the  individual  so 
that  abnormal  growth  and  development  characterizes  such  individual  not  only  dur- 
ing gestation  but  continuously  after  birth.  In  acquired  defect  the  incidence  of  the 
deviation  from  the  normal  occurs  at  a  later  period  in  the  cycle  of  development. 

(2)  An  outline  of  a  plan,  based  on  the  principle  of  growth-development, 
for  the  examination,  diagnosis  and  further  study  of  mental  defectives,  has  been 
presented.  This  outline  places  emphasis  on  the  physio-pathological  factors  as 
well  as  on  the  psycho-pathological  and  the  facts  thus  ascertained  constitute  the 
logical  basis  for  further  intensive  study  of  the  defective  individual  by  physio- 
logical and  biochemical  methods.  — Training  School,  Vineland,  N.  J. 
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A  Method  of  Sterilizing  Sputum  Before  Examination* 


Bv  Dox  AI.  Griswold,  M.D.,  Detroit,  AIich. 


THE  question  of  safety  for  persons  handling  tuberculous  sputum  in  routine 
examination  is  one  that  from  time  to  time  receives  some  attention. 

Between  the  extremes  of  wearing  rubber  gloves  and  a  surgical  operating 
gown  and  an  utter  indifference  for  personal  hygiene  and  safety  lies  some  ra- 
tional procedure. 

Many  laboratories,  both  municipal  and  private,  refuse  to  accept  specimens 
in  leaking  containers.  The  safety  of  those  engaged  in  this  work  demands  this 
protection.  Some  laboratories  send  out  sputum  bottles  containing  a  half  ounce 
of  a  weak  carbolic  solution.  This  inhibits  the  reproduction  of  the  accompanying 
organisms  and  leaves  the  field  less  confusing  when  searching  for  the  tubercle 
bacilli. 

The  danger,  however,  is  often  on  the  outside  of  the  bottle  or  carton,  as 
well  as  on  the  inside. 

The  skillful  manipulator  will  seldom  become  contaminated  with  the  con- 
tents of  the  bottle,  but  the  bottle  or  carton  must  always  be  handled.  Thus  it 
would  seem  important  that  if  an  effort  is  to  be  made  to  protect  laboratory  work- 
ers the  whole  outfit  should  be  sterilized. 

It  has  been  the  practice  of  the  laboratory  of  the  Detroit  Board  of  Health 
to  autoclave  all  sputum  bottles  after  the  contents  have  been  examined,  then 
send  them  to  the  dump.  It  was  desired  to  study  the  effect  of  this  treatment 
upon  the  sputum. 

First  it  was  found  that  almost  regardless  of  the  physical  characteristics  of 
the  sputum  before  autoclaving,  after  this  treatment  the  sputum  was  divided  into 
two  distinct  layers.  One  of  these  is  thin  and  watery  and  probably  represents 
the  saliva  which  was  in  the  bottle.  The  other  resembles  soft  boiled  white  of 
egg.  It  is  sometimes  discolored  and  may  be  of  a  greenish  or  brownish  tinge. 
This  is  probably  coagulated  albumen  from  the  sputum.'  As  this  is  coagulated 
and  falls  to  the  bottom  it  engulfs  and  drags  with  it  many  of  the  bacteria  con- 
tained in  the  sputum. 

When  this  coagulated  material  is  smeared  it  will  be  found  that  a  com- 
paratively even  smear  can  be  made  very  quickly.  It  is  about  the  consistency 
of  butter. 

In  a  series  of  two  hundred  sputa  examined  first  in  the  usual  wa\.  and  then 
after  autoclaving,  tlie  following  results  were  obtained  : 

1.  All  sputa  found  positive  in  the  usual  way  were  fdun.l  positive  after 
autoclaving. 

2.  Among  the  sputa  foiuid  negative  (ISO)  in  the  vi^vial  way,  three  showed 
tubercle  bacilli  after  autoclaxing. 

The  staining  cliaracteristic  of  the  tubercle  bacillus  is  not  altered  .so  far 
as  we  have  found.     'I'lie  organism   retains  the  carbolfuchsin  in   the  presence  of 

*From    the    Laboratory    of    tlic    lOoltoit    Hoard    of    Hoaltli. 


190  The  Journal  of  Laboratory  and  Clinical  Medicine 

15  per  cent  nitric  acid  or  3  per  cent  hydrochloric  acid  in  alcohol.  In  fact  it 
appears  that  the  organism  takes  the  stain  better,  but  this  may  be  due  to  the  fact 
that  the  smear  is  of  much  more  uniform  thickness  and  a  better  view  is  ob- 
tained of  the  stained  organism. 

The  finding  of  three  positives  among  one  hundred  and  fifty  negatives  does 
not  indicate  that  this  method  is  any  more  accurate  than  the  usual  method. 
It  is  entirely  possible  that  the  careful  search  of  a  second  slide  would  have  given 
an  equally  high  result.  Studies  to  show  the  relative  accuracy  of  the  Elliman- 
Erlandsen,  Antiformin,  and  the  Kinyoun^  methods  of  digestion  of  the  sputum 
and  concentration  of  the  tubercle  bacilli,  show  a  higher  percentage  oi  positive 
results  among  sputa  negative  by  the  usual  method. 

Agar  slants  were  made  of  the  supernated  liquid  and  the  coagulated  material 
of  all  this  series.  No  such  tube  ever  showed  any  growth.  Guinea-pigs  were  in- 
oculated with  those  that  showed  the  presence  of  acid-fast  bacilli.  No  pigs  died 
or  showed  the  presence  of  tubercles  at  autopsy. 

The  thermal  death  point  of  the  tubercle  bacillus  is  between  55°  C.  and 
65°  C.  for  ten  minutes.-  In  autoclaving  sputum  bottles,  the  temperature  is 
raised  to  120°  C.  with  twenty  pounds  pressure  for  twenty  minutes. 

The  advantages  of  the  method  are : 

1.  No  special  apparatus  is  necessary. 

2.  The  outside  of  the  bottle  and  carton  are  sterile. 

3.  Nothing  is  added  to  the  sputum. 

4.  Small  amount  of  time  consumed. 

5.  Smears  can  be  made  more  rapidly  as  no  effort  is  necessary  to  select 
a  particular  piece  of  sputum. 

6.  The  contents  of  the  bottle  are  sterile. 

Many  of  these  specimens  have  been  counterstained  with  picric  acid.-  When 
using  the  picric  acid  counterstain,  the  smears  should  be  fixed  and  stained  with 
carbolfuchsin  in  the  usual  way.  An  electric  hot  plate  covered  with  asbestos 
board  serves  very  well  for  the  heating.  The  following  solutions  should  be  kept 
in  wide-mouth  bottles  so  that  the  smeared  part  of  the  slide  can  be  immersed. 
The  smear  should  be  immersed  in  one  bottle  after  the  other  without  wash- 
ing. 

Bottle  No.   i:     Saturated  aqueous  solution,  picric  acid  and  ab- 
solute   alcohol ;    equal    parts ;    about    three 
seconds. 
Bottle  No.  2:     Alcohol  60%  ;  about  three  seconds. 
Bottle  No.  2'-     Nitric   acid    15%;   until   properly   decolorized. 
Bottle  No.  4:     Alcohol  60%  ;  about  three  seconds. 
Bottle  No.  5.-     Saturated    alcoholic    solution    of    picric    acid; 

until  a  distinct  yellow  color  is  seen. 
The  contrast  is  fully  as  good  as  with  the  blue  counterstain  when  the  eye 
becomes  accustomed  to  the  change. 

The  advantage  of  the  method  lays  in  the  fact  that  a  smear  five  times  the 
usual  thickness  can  be  examined  because  the  picric  acid  is  not  an  opaque  stain. 
It  is  somewhat  confusing  at  first  to  focus  up  and  down  through  five  superimposed 
fields,  but  the  labor  entailed  is  much  less  than  making  separate  smears. 

>Amer.    Jour.    Infec.    Dis.,    Jan.,    1914,   p.    159. 

'Hewlett:      Manual    o,f   Bacteriology,    Mosby    Co.,    St.    Louis,    1914. 


Slide  Holder  and  Protector  for  the  G.  S.  &  E.  Warming  Stage"^ 


By  C.  R.  Eckler,  Indianapolis,  Ind. 


ONE  of  the  most  widely  useful  accessories  for  the  microscope  in  the  field  of 
biology  is  the  warming  stage  and  incubator.  For  observation  of  bacteria 
and  yeasts  in  the  hanging  drop,  for  the  study  of  malarial  parasites,  trypano- 
somas,  amoebfe,  or  other  motile  organisms,  for  the  carrying  out  of  W'idal  tests, 
etc.,  such  an  instrument  is  not  only  of  inestirhable  value  but  is  almost  indis- 
pensable. 

A  very  convenient  electrical  warming  stage  and  incubator  is  found  in  the 
No.  8,  made  by  the  Chicago  Surgical  and  Electrical  Company.  As  a  stage 
incubator  this  instrument  seems  quite  complete  (Fig.  1),  and  for  a  description 
of  it,  quotation  may  be  made  from  a  booklet  supplied  by  the  Arthur  H.  Thomas 
Company,  Philadelphia. 


/ 


PP.T  .  t\i'i^ 


'"-M^i^'m  m  n^j 


tT\ 


FJK.  1. — Warmiiig  stage  and  incubator.  Mica  cover  for  incubating  chamber  not  shown.  C,  Cord 
from  resistance  lamp;  T,  Thermometer;  R,  Thumb-screw  for  regulating  temperature;  /.  Incubating  cham- 
ber;   G,   Cilass   slide   at   bottom   of   incubating   chamber. 

"The  outside  dimensions  are  3j  j  inch.  \,  2  inch.  X  V^  hich  in  ihickncss. 
The  incubating  chamber  measures  3  inch.  X  1  iiH'h  X  ^  i"ch  in  depth  and  has 
a  removable  glass  bottom  consisting  of  a  regular  3x1  slide.  The  specimen  to 
be  examined  is  placed  on  this  slide.  The  condenser  may  thus  be  brought  ui> 
close  to  the  glass,  same  as  under  ordinary  conditions,  permitting  t!io  use  of  the 
oil  immersion  lens. 

"To  cover  top  of  incubator  we  furnish  a  piece  of  clear  mica  having  a  hole 
cut   in   center   through   whicli   the   lens   is   passed    when    making  adjustment   for 

*I"roni     tlu    Depaitmcnt    of    l';,\i)criinciit.il    Medicine,    V.W    Lilly    &    Coniiiany. 


192 


The  Journal  of  Loboratory  and  Clinical  Medicine 


the  bottom  slide.     A  rubber  washer  slipped  over  the  lens  is  provided  for  seal- 
ing the  opening  between  the  lens  and  mica. 

"By  this  arrangement  a  perfect  incubating  chamber  is  obtained,  where  bac- 
teria may  be  observed  for  any  length  of  time. 


•.iK-aa.^'W^'  ■r"'    Tv" 
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Fig.    2. — The    slide    liolder    and    protector.      S,    Clock    spring;    N,    Notch    to    admit    finger    nail;    BE, 
Beveled   edge   of  plate ;   B,   Band   5   mm.    wide   about  plate ;    P,    Plate   4   mm.    thick. 
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Fig.  3. — Cross-section  of  incubator  and  slide  holder.  T,  Thermostat  element ;  Re,  Resistance 
coil ;  S,  Regular  microscopic  slide ;  R,  Rim  which  fits  over  incubator ;  SB,  Slide  at  bottom  of  in- 
cubating   chamber. 


"The  incubator  is  complete  in  every  detail  with  heating  element,  thermom- 
eter and  adjustable  electro-thermostat,  which  automatically  maintains  a  con- 
stant temperature  inside  the  incubating  chamber,  as  long  as  the  electric  current 
is  on.  This  device  can  be  adjusted  for  any  temperature  between  80°  and  110° 
Fahrenheit  and  is  very  accurate. 

"To  operate,  simply  screw  the  current  tap  with  its  lam^  into  a  110  volt 
electric  lamp  socket  and  turn  on  the  current." 

This  description  appears  to  be  correct  except  for  the  first  paragraph  in 
reference  to  the  size  of  the  incubating  chamber  (I.  Fig.  1),  which  measures 
approximately  2^  inches  X  M  inch  X  >4  inch,  instead  of  3  inches  X  1  inch 
X  y2  inch,  and  carries  a  slide  (G,  Fig.  1)  at  the  bottom  of  the  incubating  cham- 
ber measuring  approximately  2}i  inches  X  }i  inch,  instead  of  3  inches  X  1 
inch. 

This  instrument  may  be  used  as  well  for  a  warming  stage,  and  perhaps  in 
this  way,  ofifers  its  greatest  field  of  usefulness.  For  use  in  this  manner  it  seems 
quite  complete  with  one  exception.  Dr.  A.  L.  Walters,  using  one  of  these  in- 
struments in  the  study  of  the  endamoeba  of  pyorrhea,  suggested  the  need  of  a 
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slide  holder  and  protector,  there  being  no  device  on  the  instrument  to  hold  the 
slide  firmly  in  position  during  the  extended  observation  of  the  motile  forms, 
or  to  protect  the  slide  from  cross  currents  of  air,  or  to  seal  any  small  spaces 
between  the  edges  of  the  slide  and  the  top  of  the  incubator.  Such  spaces  were 
found,  owing  to  the  fact  that  the  top  of  the  incubator  was  not  perfectly  level 
at  all  points.     To  fill  these  needs,  the  attachment  here  described,  was  constructed. 


rig.     4.- — Sliowiiig    instrument     in     luiMimn     w  itli     slide    inserted. 

This  attachment  is  essentially  a  cover  for  ihc  top  o\  tiie  incnbattir  (Fig.  2), 
made  of  a  plate  of  brass  4  m.m.  thick  (P),  which  has  about  its  edge  a  band  of 
22  gauge  brass  5  m.m.  wide  (15)  thus  aft'ording  a  rim  at  the  lower  edge  of  the 
plate  1  m.m.  in  depth  (R,  Fig.  3).  This  rim  tits  snugly  down  over  the  top  of 
the  incubator,  gentle  pressure  being  required  to  scat  the  plate  in  position,  where 
it  is  held  by  friction.    An  opening  (Fig.  2)  is  cut  through  the  plate  large  enough 
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to  admit  an  ordinary  microscopic  slide,  which,  when  in  place,  rests  on  the  top 
of  the  incubator  (S,  Fig.  3),  closing  the  upper  opening  of  the  incubating  cham- 
ber. The  edges  of  the  plate  about  this  opening  are  beveled  (BE,  Fig.  2)  so 
as  not  to  hinder  the  turning  of  the  objectives.  At  one  end,  the  opposite  end 
from  which  the  slide  is  inserted,  a  curved  piece  of  'clock  spring  (S,  Fig.  2)  is 
fastened  by  soldering  in  a  small  slit  (SI.)  cut  with  a  thread  saw.  This  spring 
holds  the  slide  firmly  in  place  during  the  examination  of  any  object,  and  in  re- 
moving the  slide,  after  the  end  opposite  the  spring  has  been  released  by  rais- 
ing with  the  finger  nail,  this  spring  forces  the  slide  out  of  the  opening  to  a  point 
where  it  may  be  easily  picked  up  with  the  fingers.  The  instrument  is  nickel 
plated. 

The  chief  advantage  of  the  device  is  that  it  holds  the  slide  firmly  in  posi- 
tion, enabling  the  operator  to  observe  a  small  object,  such  as  a  single  amoeba, 
as  long  as  desired  without  danger  of  the  slide  being  moved  about  accidentally. 
Forming  a  sort  of  shallow  well  for  the  slide,  it  seals  any  little  spaces  between 
the  edges  of  the  slide  and  the  top  of  the  incubator,  and  protects  the  slide  from 
•cross  currents  of  air.  The  added  weight  to  the  incubator  is  useful  when  oper- 
ated on  a  plain  microscope  stage  where  there  are  no  clips  to  hold  the  instru- 
ment. The  thermal  capacity  of  the  attachment  aids  to  some  extent  in  main- 
taining a  uniform  temperature. 

The  attention  of  laboratory  workers  is  called  to  this  little  device  through 
the  belief  that  it  is  a  valuable  addition  to  the  G.  S.  &  E.  No.  8  Incubator,  when 
used  as  a  warming  stage,  and  that  the  advantages  afforded  by  it  would  be 
appreciated  by  any  one  who  uses  one  of  these  w^arming  stages.  It  is  so  sim- 
ple in  construction,  and  so  easily  made,  that  anyone  possessing  only  slight  abil- 
ity as  a  craftsman  may  make  one  for  himself  with  the  aid  of  a  few  common 
tools. 


Hydrogen-ion  Acidity* 


E'Y  Thomas  H.  Kelly,  M.D.,  Cixcinxati,  Ohio. 


MANY  attempts  have  been  made  of  late  years,  to  evolve  methods  by  which 
the  actual  amount  of  free  hydrogen-ions  in  body  fluids  might  be  deter- 
mined, for  the  use  of  laboratory  workers  and  clinicians.  In  these  days  of  dis- 
cussion concerning  the  role  of  colloids  and  their  changes  in  hydration  capacity 
in  health  and  disease,  an  accurate  knowledge  of  variation  in  hydrogen-ion  con- 
tent of  body  fluids  and  tissues  is  very  necessary  to  a  proper  understanding  and 
interpretation  of  many  disease  processes. 

Of  all  the  methods  which  have  been  used,  the  gas  chain  electro-meter  method 
is  the  most  nearly  accurate,  but  its  use  in  a  clinical  laboratory  is  practically 
barred  because  of  the  delicate  apparatus  and  special  training  in  physico-chem- 
ical methods  necessary  to  its  employment.  A  great  many  other  methods  are 
likewise  too  complicated  to  become  matters  of  routine  in  clinical  laboratories. 
Perhaps  of  all  the  methods,  those  of  S.  L.  P.  Sorensen  and  of  h.  J.  Hender- 
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son  are  among  the  simplest  and  lend  themselves  best  to  routine  use,  but  even 
these  are   rather  complicated. 

In  these  methods  standard  mixtures  of  phosphates  or  acetates  are  made, 
in  series  containing  known  quantities  of  hydrogen-ions,  and  indicators  are 
added.  The  fluid  to  be  tested  is  properly  diluted  and  the  same  indicators  added, 
and  it  is  then  compared  with  the  colors  of  the  standard  mixtures.  This  method 
has  been  very  valuable  and  has  been  recently  applied  to  the  determination  of 
hydrogen-ion  acidity  of  the  blood,  to  be  referred  to  shortly. 

Martin  H.  Fischer^  has  developed  a  method  for  determining  hydrogen-ion 
acidity  of  the  urine  within  limits  of  accuracy  that  are  sufficient  for  clinical  pur- 
poses by  the  use  of  a  series  of  indicators  graded  so  that  their  color  changes 
lake  place  at  definite  hydrogen-ion  concentrations.  The  series  which  he  has 
found  to  be  the  most  useful  is  as  follows : 


Indicator. 

Concentration 
of  h — ion  at 
color  change. 

Color. 

Acid. 

Alkaline. 

Methyl  Orange 
1-2%  aqueous  sol. 

10-4 

Pink 

Orange 

Para-nitro-phenol 
2%  alcoholic  sol. 

10-5 

Colorless 

Greenish-yellow 

Sives  red-2 

2%  aqueous   sol. 

10-5  to  6 

Red 

Canary  yellow 

Methyl  red 

0.  2%  alcoholic  sol. 

10-6 

Magenta 

Canary  yellow 

Rosolic  acid 
1-2%  in  50%   alcohol 

10-7 

Orange 

Magenta 

Phenolphthalein 
1%  alcoholic  sol. 

10-9 

Colorless 

Bluish-red 

Thymolphthalein 
1-2%  alcoholic  sol. 

10-11 

Colorless 

Blue 

■iHydrochloride  of  para-mono-methyl-amino-azobenzine-ortho  carbonic  acid. 


10  c.c.  of  urine  are  placed  in  a  clean  porcelain  evaporating  dish  which  is 
rinsed  with  distilled  water  or  the  urine  to  be  tested.  The  urine  should  be  as 
fresh  as  possible.  By  trying  two  drops  of  each  indicator  on  successive  samples 
of  the  urine  to  be  tested  an  indicator  is  finally  found  to  which  the  urine  is  neu- 
tral, or  is  acid  to  one  indicator  in  the  scries  and  alkaline  to  the  next  above  it. 
Therefore  the  urine  has  a  hydrogen-ion  concentration  equal  to  that  represented 
by  the  turning  point  of  the  indicator  in  the  first  case,  or  lies  between  the  turn- 
ing points  of  the  two  indicators  in  the  second.  In  this  way  a  fairly  accurate 
approximation  of  tlie   hydrogen-ion  concentration  may   be  obtained. 

Recently  R.  L.  Levy,  L.  G.  Rowntree  and  W.  McK.  Marriott-  have  pub- 
lished a  method  for  the  determination  of  the  hydrogen-ion  concentration  of  the 
blood.  In  this  method  they  use  a  standard  series  of  tubes  containing  mixtures' 
of  1-15  mol.  solutions  of  primary  potassium  phosphate   (KH„POj)   and  second- 


p.    389. 


^Fischer,    Martin     H.  :      Oe<lein.-\    ami    Nephritis.    John    Wiley    &    Sons,    New    York,    191.';. 
=Levv,    R.    I,.;    Rowntree,    L.    G.  ;    Marriott,    W.    McK.:      Arch.    Int.    Medicine,    I9I.S.    xvi.    No.    3. 
9. 
''Sorensen :      Biocheni.    Ztschr.    1909,    .xxii,    352. 
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ary  sodium  phosphate  (NagPHO^ZHsO)  with  five  drops  of  a  0.01  per  cent  solu- 
tion of  phenolsulphonephthalein  added  to  each  tube.  These  mixtures  are  made 
so  that  each  tube  has  a  known  hydrogen-ion  concentration. 

The  determinations  can  be  carried  out  on  either  serum,  plasma,  whole  or 
defibrinated  blood,  and  must  be  done  in  a  room  containing  no  fumes  of  am- 
monia or  acids. 

The  blood  or  serum  must  first  be  dialyzed  in  a  thin  celloidin  sac  against  an 
0.8  per  cent  salt  solution  which  has  been  tested  for  its  neutrality.  The  sac  per- 
mits the  passage  of  salts  but  not  of  coloring  matter  or  proteins. 

One  to  three  c.c.  of  clear  serum  or  blood  is  run  into  the  celloidin  sac 
which  has  been  tested  for  leaks  and  washed  inside  and  out  with  salt  solution. 
The  sac  is  lowered  into  a  test  tube  (100  by  10  m.m. — inside  measurements)  con- 
taining 3  c.c.  salt  solution,  so  that  the  salt  solution  is  as  high  on  the  outside  of 
the  sac  as  the  level  of  the  blood  or  serum  on  the  inside.  Five  to  ten  minutes 
are  allowed  for  dialysis  and  then  the  sac  is  removed.  Five  drops  of  the  in- 
dicator are  thoroughly  mixed  with  the  dialysate  and  it  is  immediately  com- 
pared with  the  standard  series  and  readings  made. 

For  the  reading  a  good  light  and  a  white  background  are  necessities,  and 
readings  must  be  made  immediately.  The  tube  most  nearly  approaching  the 
color  of  the  one  to  be  tested  is  selected,  and  also  the  tube  on  each  side.  These 
are  then  examined  carefully  against  a  white  background. 

The  authors  have  thoroughly  tested  this  method  and  the  variations  in  re- 
peated determinations  are  surprisingly  small,  serum  from  normal  persons  vary- 
ing between  H — lO""-*^  *°  ""•^.  Variations  toward  the  acid  side  were  observed 
only  in  those  cases  which  clinically  and  from  the  laboratory  findings  showed 
evidence  of  an  acidosis. 

Thus,  for  the  clinical  study  of  variations  of  hydrogen-ion  concentration  in 
health  and  disease,  we  have  two  methods  which  should  prove  valuable  in  the 
hands  of  workers  in  these  fields. 
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EDITORIALS 


New  Methods  for  the  Investigation  of  Breathlessness  and  Acidosis 

MUCH  has  been  \\ritten  in  recent  years  concerning  the  supposed  existence 
of  conditions  in  which  the  reaction  of  the  blood  becomes  less  alkaline, 
that  is,  tends  to  become  more  acid.  For  the  detection  of  this  acidosis,  as  it  is 
called,  the  most  sensitive  of  physico-chemical  methods  have  been  adapted,  and 
yet  it  has  been  impossible  in  many  cases  where  we  have  every  reason  to  expect 
high  degrees  of  acidosis  (as  in  diabetic  coma)  to  obtain  very  satisfactory  evi- 
dences of  its  presence.  On  the  other  hand,  even  slight  disturbances  in  the  re- 
action of  the  blood  cause  very  distinct  changes  in  the  activity  of  the  respiratory 
center,  conditions  associated  with  acidity  making  it  more  active  (c.  g.,  the  breath- 
lessness of  muscular  exercise,  the  injection  of  acid  into  animals)  and  conditions 
associated  with  alkalinity  depressing  it  (the  apnea  produced  by  injecting  al- 
kali). From  these  observations  we  must  conclude  that  the  respiratory  center 
is  more  sensitive  to  change  in  the  reaction  of  ihc  Mood  than  the  most  refined 
physico-chemical   methods. 

It  is  obviously,  however,  most  important  for  the  successful  investigation 
of  the  clinical  conditions  that  aie  associatctl  with  some  disturbance  in  the  respira- 
tory function,  such  as  dyspnea  and  cyanosis,  that  we  should  possess  a  reliable 
method  by  wliich  we  may  detect  acidity  of  the  blood  and  observe  its  behavior 
under  various  forms  of  treatment.  If  possible,  too,  we  must  find  (^nt  the  na- 
ture of  the  acid  which  is  responsible  for  the  change  in  blood  reaction. 

Thanks  to  the  combined  efforts  of  a  group  of  clinical  aiul  laboratory  work- 
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ers  in  London  (Lewis,  Barcroft,  Ryffel,  etc.),  a  great  step  has  lately  been  taken 
in  supplying  us  with  new  and  apparently  reliable  methods.  We  do  not  propose 
at  the  present  time  to  go  into  the  details  of  this  method;  we  defer  this  for  a 
future  issue  of  the  Journal,  when  we  hope  to  be  able  to  offer  some  modifications 
which  our  experience  with  it  has  suggested.  For  the  present,  however,  a  brief 
description  of  the  principle  upon  which  the  method  depends  is  advisable,  in 
order  that  we  may  appreciate  the  significance  of  the  work  which  has  already 
been  done,  and  follow  the  investigations  now  in  progress  which  we  hope  to  re- 
port on  from  time  to  time. 

When  blood  is  shaken  in  atmospheres  containing  variable,  but  known,  quan- 
tities (or  pressures)  of  oxygen,  the  degree  to  which  the  hemoglobin  takes  up 
the  oxygen  at  each  pressure  of  the  gas  depends  very  largely  on  the  acidity  (i. 
e.,  the  H-ion  concentration)  of  the  blood. ^  If  the  results  be  plotted,  with  the 
values  along  the  ordinates  representing  the  relative  saturation  of  the  blood 
with  oxygen,  and  those  along  the  abscissae,  the  partial  pressure  of  oxygen  at 
which  the  blood  was  exposed,  a  curve,  called  the  dissociation  curve  of  hemo- 
globin or  blood,  is  obtained.  This  curve  has  a  definite  shape  and  position  in 
the  case  of  normal  blood.  If  some  acid  be  added  to  the  blood,  the  curve  will 
be  found  to  flatten  out  in  proportion  to  the  amount  of  acid  added.  Indeed,  the 
acidity  of  a  sample  of  blood  can  be  found  by  comparison  of  its  dissociation 
curve  with  that  of  normal  blood  to  which  known  quantities  of  acid  have  been 
added.  When  the  curves  correspond,  the  bloods  contain  the  same  amounts  of 
acid. 

For  practical  clinical  purposes,  however,  it  would  obviously  be  too  time- 
consuming  if,  in  order  to  plot  the  curve,  we  were  compelled  to  employ  the  above 
described  method  of  shaking  several  samples  of  blood  at  different  oxygen  pres- 
sures and  then  analyzing  to  see  how  much  oxygen  had  been  taken  up  at  each 
pressure.  But  this  is  not  necessary,  for,  thanks  to  the  work  of  L.  V.  Hill,  it 
is  possible  to  find  all  positions  of  the  curve  for  a  given  sample  of  blood  by 
using  a  constant,  K,  which  can  be  determined  by  finding  the  saturation  of  the 
blood  with  oxygen  at  one  pressure  of  this  gas.  This  constant  was  found  by 
the  application  of  mathematical  principles  to  data  furnished  by  a  large  series  of 
observations.  For  determining  the  reaction  of  the  blood,  then,  we  do  not  re- 
quire to  actually  plot  the  curve;  the  constant  itself  is  sufficient,  ^^'hen  this  is 
low,  for  example,  it  indicates  that  at  a  given  pressure  of  oxygen,  the  blood 
takes  up  an  abnormally  low  percentage  of  its  total  possible  load  of  oxygen,  in- 
dicating that  the  acidity  of  the  blood  is  greater  than  normal,  and  when  the  con- 
stant is  high,  for  the  same  reason,  the  acidity  of  the  blood  must  be  low.^ 

When  the  blood  is  within  the  vessels  its  acidity  is  due  to  the  presence  in 
it  of  two  types  of  acid,  volatile  and  fixed.  The  volatile  acid  is  the  carbon  di- 
oxide in  solution  in  the  plasma.  The  fixed  acids  are  the  acid  salts,  lactic  acid, 
and  in  some  cases  other  acids,  such  as  butvric.  On  account  of  the  readiness 
with  which  carbon  dioxide  escapes  from  the  blood  after  its  withdrawal,  it  is 
plain  that  in  determining  the  dissociation  curve,  or  constant,  we  will  be  incur- 
ring an  error  on  account  of  the  loss  of  carbon  dioxide.    We  will,  in  other  words. 

^It   is   also   influenced   by   salts,   but   this    factor   may    for   the   present    be    disregarded. 

^Barcroft  suggests  the  following  terms  to  express  these  conditions:  (1)  meionectic — where  K 
19  low  and  the  acidity  therefore  great;  (2)  pleonectic — where  K  is  high  and  the  acidity  small;  (3> 
mesectic — when   K    is    normal. 
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find  the  blood  to  be  less  acid  than  it  should  be.  In  order  to  find  the  true  de- 
gree of  acidity  we  must  shake  the  blood  in  an  atmosphere  containing  the  same 
pressure  of  carbon  dioxide  as  that  which  exists  in  the  patient's  blood  plasma. 

To  make  the  method  of  value,  therefore,  for  measuring  the  actual  H-ion 
concentration  of  the  blood,  we  must  know  the  carbon  dioxide  tension.  This  is 
comparatively  an  easy  thing  to  determine,  for,  thanks  to  the  work  of  Haldane 
and  his  pupils,  we  know  that  the  percentage  of  carbon  dioxide  in  the  alveolar  air 
is  directly  proportional  to  the  tension  of  this  gas  in  the  blood  plasma.  All  we 
have  to  do.  therefore,  is  to  take  a  sample  of  alveolar  air  and  analyze  it  for  its 
percentage  amount  of  carbon  dioxide,  and  then  to  add  this  amount  of  carbon 
dioxide  to  the  atmosphere  with  which  the  blood  is  shaken  in  determining  the 
dissociation  constant. 

We  have  described  the  way  in  which  the  method  may  be  used  for  deter- 
mining the  actual  H-ion  concentration,  but  now  we  must  consider  its  applica- 
tion in  detecting  the  exact  nature  of  the  acid  which  may  be  responsible  for 
hyperacidity.  This  is  done  by  an  application  of  the  same  principle  and  may 
perhaps  be  best  illustrated  by  taking  a  concrete  example.  Let  us  suppose  tliat 
the  dissociation  constant  shows  us  a  given  blood,  shaken  in  the  absence  of  car- 
bon dioxide,  to  be  hyperacid  (i.  e.,  K  low).  The  question  is,  of  what  nature  is 
the  acid  that  is  present  in  excess?  We  have  seen  that  it  may  be  either  volatile 
or  fixed  acid.  If  volatile  acid  is  the  cause,  then  we  should  expect,  from  Hal- 
dane's  principle,  that  an  excessive  percentage  of  carbon  dioxide  will  exist  in 
the  alveolar  air.  Such  will  actually  be  found  to  be  the  case  during  the  earlier 
stages  of  muscular  exercise,  but  in  pathological  conditions  (for  example,  the 
so-called  uremias)  it  will  usually  be  found  that  there  is  no  evidence  of  an  in- 
creased amount  of  carbon  dioxide  in  the  alveolar  air.  indeed,  it  is  usually  lower, 
so  that  the  hyperacidity  of  blood  must  be  due  to  fixed  acid. 

Or  let  us  take  the  case  of  diabetic  coma.  Shaken  in  an  atmosphere  that 
is  free  of  carbon  dioxide,  the  blood  will  be  found  to  be  hyperacid,  but  if  the 
alveolar  CO,  content  is  determined,  it  will  be  found  subnormal ;  often  markedly 
so.  The  conclusion  is  that  the  hyperacidity  of  the  blood  in  diabetic  coma  is  not 
due  to  an  excess  of  carbon  dioxide,  but  to  an  excess  of  fixed  acid,  which  has 
displaced  much  of  the  carbon  dioxide. 

To  illustrate  the  value  of  the  above  method,  a  few  of  the  results  which  have 
already  been  obtained  by  Lewis,  Barcroft,  etc.,  may  be  of  value.  In  the  dyspnea 
which  occurs  in  mitral  stenosis  of  young  rheumatic  girls,  the  blood,  freed  from 
carbon  dioxide,  has  a  normal  reaction,  but  the  alveolar  air  contains  an  excess 
of  carbon  dioxide.  The  dy.spnea  in  ihese  cases  is  therefore  due  to  a  hyper- 
acidity caused  by  a  mechanical  defect  in  the  ventilation  of  tlie  lungs—  a  defect 
which  interferes  with   the  proper  excretion  of  carbon  dioxide. 

In  another  group  of  cases  which  would  commonly  be  diagnosed  as  uremic, 
and  in  which  dyspnea  rather  than  cyanosis  is  the  pronounced  symptom,  the 
blood,  freed  from  carbon  dioxide,  is  found  to  have  a  high  acidity  (A'  of  low 
value).  On  the  examination  of  ihe  alveolar  air,  however,  a  low  tension  of  car- 
lion  dioxide  is  found  present,  l^vidently.  then,  the  acidity  is  due  to  the  ex- 
cessive presence  of  non-volatile  acids. 

Another  instance  of  the  use  of  the  method  is  in  diabetic  coma.     jVs  already 
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mentioned,  in  this  case  the  carbon  dioxide-freed  blood  has  a  very  high  acidity, 
and  yet  the  alveolar  CO,  tension  is  very  low.  And,  lastly,  in  cases  of  moun- 
tain sickness  the  blood  samples  show  high  acidity,  but  the  alveolar  air,  a  low- 
carbon  dioxide  tension. 

Before  this  work  can  be  considered  as  finally,  completed,  we  must  succeed 
in  showing  that  there  is  really  an  excessive  amount  of  fixed  acid  present  in  the 
blood.  \\'e  must  isolate  this  acid  and  see  what  it  is.  Although  this  part  of  the 
problem  is  being  vigorously  attacked,  it  has  not  as  yet  been  possible  to  succeed 
in  showing  that  all  of  these  cases  having  high  fixed  acidity  really  contain  an 
excessive  amount  of  lactic  acid  in  the  blood.  Sufficient  evidence  has,  however, 
been  accumulated  to  show  that  the  above  inferences  are  probably  correct. 
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The  Welch  Bacillus  and  Disease 

THE  recent  frequent  reports  of  so-called  "gas  bacillus"  infections  among  the 
soldiers  in  France  has  lent  a  peculiarly  timely  interest  to  the  monograph 
of  the  Rockefeller  Institute  on  "Studies  in  Bacillus  AX'elchii,  with  Special  Ref- 
erence to  Classification  and  to  Its  Relation  to  Diarrhea,"  by  Dr.  J.  P.  Simonds. 
There  has  been  endless  confusion  in  the  classification  of  the  so-called  aerogenes 
capsulatus  organisms,  a  group  which  has  been  known  in  difi^erent  countries 
by  a  large  variety  of  names.  Its  first  description  is  probably  that  by  Welch  and 
Nuttall  in  1892,  who  gave  it  the  name  B.  aerogenes  capsulatus,  by  which  name, 
or  briefly  Welch  bacillus,  it  is  most  commonly  designated  by  American  bac- 
teriologists. Similar  or  identical  organisms  are  the  B.  phlegmonis  emphysema- 
iosae  of  Fraenkel,  the  B.  enteritidas  sporogenes  of  Klein,  the  B.  perfringens  of 
Veillon  and  Zuber,  and  the  Granulobacillus  saccharobuiyricus  Uquefaciens  iin- 
mobilis  of  Schattenfroh  and  Grassberger,  and  a  number  of  others  less  promi- 
nent in  the  literature.  The  task  of  classifying  these  organisms  is  one  of  great 
technical  difficulty,  and,  as  in  so  many  other  groups  of  bacteria  originally  de- 
scribed as  a  single  species,  we  are  now  learning  that  instead  of  finding  com- 
plete identity  of  individual  isolations,  one  with  another,  we  can  merely  draw  a 
circle  about  a  correlated  group,  recognizing  close  relationship  morphological- 
ly, culturally,  and  in  relation  to  infections  of  man  and  animals.  After  a 
very  careful  study  of  many  different  strains,  Simonds  comes  to  the  conclusion, 
that  the  ^^\'lch  bacillus,  so-called,  is  roughly  identical  with  those  mentioned, 
including  also  the  bacilli  once  associated  by  Achalme  with  rheumatic  infections. 
The  term  B.  Welchii,  he  concludes,  does  not  represent  a  fixed  species  but  a 
closely  related  group  of  bacteria  not  vet  fullv  classified  even  by  his  own  ex- 
tensive studies. 

It  is  hard  to  determine  in  the  case  of  organisms  of  such  varied  activities 
exactly  what  can  be  regarded  as  a  cardinal  characteristic  important  for  classify- 


Editorials  201 

ing  purposes.  The  organisms  treated  of  in  this  group  are  all  large  Gram-posi- 
tive, non-motile  bacilli,  with  rounded  ends,  rarely  occurring  in  chains,  and  an- 
aerobic. Spore  formation  is  inconstant  and  occurs  only  in  an  alkaline  medium. 
When  fermentable  sugars,  and  consequently  free  acid,  are  present,  no  spore 
formation  takes  place.  Milk  is  fermented  with  the  formation  of  butyric  acid. 
The  intravenous  injection  of  animals,  especially  rabbits,  usually  produced  death 
Avith  an  enormous  swelling  of  the  body  by  the  formation  of  gas,  which  burns 
with  a  pale  blue  flame.  Capsules  may  be  seen  when  the  smears  are  made  di- 
rectly from  animal  tissues,  but  are  almost  universally  missed  in  organisms  taken 
from  culture. 

As  to  minor  cultural  characteristics,  so  many  variations  are  observed  that 
it  is  hardly  worth  v/hile  to  summarize  them  in  a  brief  review  of  Simond's  mono- 
graph. It  is  extremely  interesting  that,  though  a  pathogenic  anserobe,  no  one 
has  so  far  been  able  to  show  satisfactorily  the  production  of  a  true  exotoxin, 
though  such  a  claim  has  been  made  several  times.  Poisonous  products  that 
have  been  obtained  from  cultures  have  not  conformed  with  the  characteristics 
of  true  exotoxins  as  we  recognize  them  now.  Moreover,  the  reaction  of  toxin- 
containing  filtrates,  as  Simonds  points  out,  has  been  almost  always  acid,  and 
McCampbell  and  others  have  suggested  that  the  toxicity  of  such  cultures  is  due 
to  the  presence  of  butyric  acid.  It  is  interesting  in  this  connection  also  that 
Herter,  who  gave  a  great  deal  of  attention  to  the  presence  of  these  organisms 
in  the  bowel  and  attributed  to  them  etiological  relationship  with  many  intestinal 
disorders,  believed  that  the  diarrhea  following  intestinal  putrefaction  was  due  to  a 
very  large  extent  to  the  irritation  produced  by  ammonium  butyrate,  the  Welch 
bacilli  of  the  bowel  being  responsible  for  the  appearance  of  the  butyric  acid. 

The  search  for  endotoxins,  too,  seems  to  have  been  unsuccessful,  and  hemo- 
lysins have  been  irregularly  present  in  cultures  studied  by  various  investigators. 

Great  differences  in  virulence  have  been  observed  in  the  study  of  various 
strains.  A  good  many  of  the  strains  seem  to  have  great  pathogenicity  for  tiie 
ordinary  laboratory  animals,  especially  for  guinea-pigs  and  rabbits.  Yet  cer- 
tain non-sporulating  forms  have  shown  little  or  no  virulence.  However,  varia- 
tion in  virulence  seems  to  fluctuate  considerably  according  to  the  culture 
medium  and  the  symbiotic  conditions  under  which  the  organisms  have  been 
cultivated.  In  man,  fortunately,  there  seems  to  be  a  relatively  powerful  resist- 
ance against  Welch  bacillus  infections.  In  fact,  many  investigators  have  be- 
lieved that  the  Welch  bacillus  is  primarily  a  saprophyte  and  requires  tlie  pres- 
ence of  dead  tissue  or  physiological  injury  before  it  can  penetrate  and  thrive  in 
the  human  body. 

Very  interesting  is  the  extensive  review  of  the  literature  in  which  this  or- 
ganism or  varieties  of  it  have  been  found  associated  with  human  lesions.  It  has 
been  observed  in  gas  cysts  of  the  brain,  in  "gangrenous"  pneumonia,  in  appendix 
abscesses,  in  puerperal  sepsis  after  abortion,  in  general  septicemia,  and  in  many 
other  conditions.  However,  in  many  of  these  cases  it  may  be  quite  reasonable 
to  question  the  primary  character  of  the  "gas  bacillus"  infection,  and  in  others 
again,  the  Welch  bacillus  may  be  regarded  as  an  ante-mortem  invasion,  a  sup- 
position strengthened  by  the  study  of  terminal  infections  made  by  Flexner.  in 
which  such  a  possibility  is  plainly  demonstrated.     Thus,  while  the  Welch  bacil- 
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lus  may  unquestionably  invade  the  human  body  and  do  much  injury,  and  even 
be  probably  regarded  in  many  cases  as  the  direct  cause  of  death,  its  invasion 
in  many  of  these  cases  must  be  regarded  as  not  a  primary  invasion,  but  as  one 
associated  with  and  made  possible  by  either  traumatic  injury  or  the  co-operation 
of  other  invasive  germs  such  at  streptococci,  staphylococci,  and  others.  There 
mav,  of  course,  in  addition  to  these  be  rare  instances  in  which  the  Welch  bacil- 
lus, owing  to  excessive  virulence  of  the  strain  or  relatively  low  resistance  of  the 
infected  individual  becomes  the  primary  invader.  It  is  easy  to  understand  under 
these  conditions,  why  in  warfare,  severe  trauma  associated  with  the  carrv'ing 
of  soil  and  often  feces-contaminated  fragments  of  clothing  into  the  wound  would 
form  ideal  conditions  for  the  production  of  Welch  bacillus  infections. 

The  most  interesting  chapter  in  the  pathogenicity  of  the  Welch  bacillus  is 
its  relation  to  intestinal  disease.  vSimonds  confirms  by  his  own  work  the  work 
of  many  others  which  has  shown  that  the  \A^elch  bacillus  may  be  regarded  as  a 
normal  inhabitant  of  the  intestines  of  man.  In  nineteen  babies  under  one  year 
of  age  he  found  Welch  bacilli  in  the  stools  of  eight.  He  points  out  that  it  has 
been  found  even  in  nursing  infants  by  a  number  of  investigators.  His  own  cases 
were  feeding  cases  with  practically  no  digestive  disease  and  without  pus  or  blood 
in  the  stools  in  any  of  them.  Fluctuations  in  the  abundance  of  Welch  bacilli  in 
the  stools  of  adults,  Simonds  attributes  very  largely  to  daily  variations  in  diet. 
He  thinks  it  quite  likely  that  the  bacillus  may  give  rise  to  a  fairly  definite  type  of 
diarrhea.  He  summarizes  the  arguments  brought  out  in  favor  of  this,  as  fol- 
lows : 

1.  In  cases  of  this  kind  spores  are  found  in  great  numbers  in  the  stools. 

2.  Patients  with  diarrhea  associated  with  excessive  number  of  gas  bacilli 
are  made  worse  by  feeding  them  a  diet  rich  in  carbohydrates  and  show  im- 
provement when  the  diet  is  changed  to  one  of  pure  protein  with  or  without  but- 
termilk. 

The  relation  of  the  organism  to  pernicious  anemia,  first  pointed  out  by 
Herter,  Simonds  dismisses  with  a  rather  brief  discussion,  coming  to  the  con- 
clusion that  no  positive  statement  can  at  present  be  made  concerning  the  rela- 
tion of  the  bacillus  to  this  disease.  He  isolated  four  strains  from  stools  of 
patients  with  pernicious  anemia,  one  of  which  caused  no  hemolysin  at  all.  two 
others  being  very  slightly  hemolytic.  Of  course,  the  anemia  of  pernicious  anemia 
is  not  necessarily  due  to  absorption  of  hemolysin  and  might  be  regarded  as  sec- 
ondary to  injuries  to  the  digestive  tract  and  the  digestive  processes,  coincident 
to  the  constant  presence  of  large  numbers  of  these  organisms  in  the  intestinal 
contents.  However,  with  Simonds,  it  seems  to  us  from  a  reading  of  the  lit- 
erature that  no  satisfactory  relationship  between  the  organism  and  the  disease 
has  as  yet  been  established. 

In  spite  of  the  fact  that  the  ^^'elch  bacillus  does  not  produce  spores  in 
culture  media  in  the  presence  of  fermentable  substances  or  of  free  acids,  never- 
theless under  the  conditions  of  symbiotic  growth  in  the  intestine  Simonds  shows 
that  sporulation  is  possible  even  in  the  presence  of  fermentable  carbohydrate 
provided  that  the  symbiotic  flora  is  such  that  the  acidity  of  the  mixture  does 
not  rise  above  three  per  cent,  measured  in  normal  acid.  Taking  this  into  con- 
sideration Simonds  concludes  that  the  number  of  spores  of  B.    Welchii  in  the 
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stools  is  a  reasonably  accurate  index  of  the  number  of  actively  fermenting,  dis- 
ease-producing organisms  of  this  type  higher  up  in  the  intestine. 

Although  the  subject  of  Welch  bacillus  infections  is  by  no  means  closed 
by  Simond's  monograph,  it  nevertheless  goes  far  to  bring  order  out  of  chaos,  and 
it  is  quite  plain  that  no  conclusions  concerning  this  group  can  be  attained  with- 
out the  comparative  study  of  a  large  number  of  different  strains. 

—H.   Z. 


Carbon  Dioxide  and  Blood  Pressure 

THE  mechanism  \\hich  controls  blood  pressure  has  supplied  many  workers 
with  interest  through  many  series  of  expermients.  The  facts  relating  to 
blood  pressure  are  chiefly  two ;  i.  e..  it  may  be  modified  by  alteration  in  the 
peripheral  circulation,  or  by  increase  in  the  force  of  the  heart  beat. 

The  physiologic  method  of  modifying  the  peripheral  vascular  pressure  is 
one  which  modifies  the  condition  of  contraction  of  the  muscle  of  the  smaller 
arteries.  If  they  are  contracted,  the  blood  pressure  rises;  if  they  are  dilated, 
it  falls.  The  cardiac  output  is  conditioned  by  the  state  of  the  heart  muscle 
and  by  the  cardiac  intake.  The  former  is  governed  primarily  by  the  coronary 
circulation ;  the  latter,  by  the  conditions  in  the  peripheral  circulation.  AMien 
increased  work  is  thrown  upon  the  myocardium,  the  coronar}'  vessels  dilate  and 
so  the  nutritive  conditions  in  the  myocardium  are  improved.  The  dilatation  of 
the  coronaries  is  determined  by  chemical  means;  i.  e.,  bv  the  metabolic  products 
in  the  blood,  mainly,  perhaps,  carbon  dioxide.^  There  seems  to  be  no  doubt 
that  acid  products  of  metabolism  are  the  main  conditions  underlying  vascular 
dilatation.  This  v.'ould  obviously  tend  to  the  conception  that  under  con- 
ditions of  increased  metabolism,  the  blood  pressure  should  fall — which  it 
does  provided  the  COo  tension  passes  a  certain  stage,  ^\"ithin  certain  limits, 
however,  increased  COo  tension  results  in  a  rise  of  blood  pressure. 

In  1909  Kaya  and  Clark  showed  that  an  increase  of  COo  tension  in  the 
blood  was  followed  by  increased  blood  pressure,  and  that  decreases  in  this  ten- 
sion were  followed  by  proportionate  decreases  in  blood  pressure. 

Cathcart  and  Clark  later  showed  that  deep  anesthesia  inhibited  this  mechan- 
ism, and  Jerusalem  and  Starling  found  that  when  they  used  an  isolated  heart- 
lung  preparation  an  increase  of  COo  caused  slowing  of  the  heart,  while  at  the 
same  time  the  ventricular  output  was  increased  by  addition  of  CO.^  up  to  8  per 
cent  of  an  atmosphere.  Itami  also  found  that  with  5-10  per  cent  of  COo,  the 
blood  pressure  rose,  and  v(^n  Anrep  demonstrated  that  if  tlie  adrenals  were 
removed  or  isolated,  the  COo  rise  of  pressure  did  not  occur.  Cannon  and  Hos- 
kins  and  Czubalski  observed  that  in  asphyxia  there  was  increased  adrenalin  in 
the  blood. 

Cathcart  and  Clark-  have  recently  reported  experiments  which  were  planned 
to  discover  the  mechanism  of  the  process  indicated  in  the  abo\e  mentioned  para- 
graphs. They  found  that  in  the  intact  animal  an  increase  of  COo  is  followed 
by  an  increase  of  blood  pressure.  In  their  experiments  they  used  12  per  cent 
COo.     The  heart  was  always  slowed.     \\  hen  pure  air  was  substituted   for  the 

'Markwalder   an.l    Starling:      Tour.    Phvsiol.,    1913    (47)    275.      (For   other   references,    cf.    Woolley: 
Tour.    Amer.    Med.    Assoc,    1914    (63)    2279.   an.l    Ccntralb.    f.    all.    Pafli.,    1913    (26)    217.) 
=Tour.    Physiol.,    1915    (49)    301. 
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COo  the  cardiac  amplitude  rapidly  returned  to  normal  and  the  blood  pressure 
fell  gradually.  If  the  animal  was  decapitated,  the  cardiac  rate  and  amplitude, 
and  the  blood  pressure  fell.  Section  of  the  vagi  alma  did  not  prevent  a  rise 
of  pressure. 

These  experiments  make  it  quite  evident  that  some  part  is  played  in  the 
production  of  increased  blood  pressure  by  the  higher  centers,  and  that  this  in- 
fluence is  removed  by  deep  anesthesia  and  decapitation,  but  not  by  section  of 
the  vagi.  In  view  of  the  results  of  von  Anrep,  Cathcart  and  Clark  treated  ani- 
mals with  nicotin  and  then  administered  CO,.  Under  these  circumstances  there 
was  no  increase  in  pressure,  which  indicated  that,  as  Cannon  has  said,  ad- 
renalin plays  a  part  in  the   regulation  of  blood  pressure. 

From  these  results  one  is  justified  in  believing  that  increased  CO,  content 
in  the  blood  increases  the  adrenalin  content  of  the  blood  and  this  in  time  causes 
vascular  constriction  and  increased  blood  pressure,  associated  with  slowing  of 
the  heart  and  increased  amplitude.  The  results  of  Cathcart  and  Clark  indicate 
that  the  mechanism  may  be  broken  by  removing  the  influence  of  the  sympathies 
upon  the  adrenals,  or  by  interference  with  a  central  mechanism  which,  they 
suggest,  is  in  the  medulla.  \\'hatever  the  mechanism  is,  small  doses  of  adrenalin 
given  intravenously  will  still  produce  their  characteristic  reaction. 

All  this  is  very  interesting  from  the  standpoint  of  organic  chemical  cor- 
relations. As  work  is  done  by  the  tissues  of  the  body,  especially  the  muscles, 
the  acid  products  of  metabolism  enter  the  blood  stream  and  being  carried  to 
the  respiratory  center,  stimulate  it  and  so  produce  an  increased  respiratory  rate. 
This,  in  its  turn,  tends  to  prevent  an  over-increase  of  CO,  in  the  blood.  At  the 
same  time  the  moderate  increase  of  COo  which  appears  in  the  blood  stream 
acts,  by  way  of  the  adrenal  mechanism,  in  producing  increased  peripheral  re- 
sistance, increased  blood  pressure,  and  slowing  of  the  heart,  and  thereby  in- 
creases the  ventilation  of  the  tissues,  and  increases  the  facilities  for  washing 
them  out.  In  a  recent  report  Boothby^  shows  the  relationship  by  a  series  of 
experiments  and  the  results  of  these  lead  him  to  the  conclusion  that  one  factor; 
i.  e..  the  total  acidity  of  the  blood,  or  the  hydrogen-ion  concentration  in  the  ar- 
terial blood,  is  the  governing  cause  of  both  circulatory  and  respirator}^  activities. 

—P.  G.  W. 


Bismuth  Poisoning 

T^HE  importance  of  bismuth  in  medicine  has  greatly  increased  within  the 
-*-  last  few  years.  Various  manufacturing  interests  bearing  this  extended  use 
in  mind  have  now  placed  on  the  market  a  large  number  of  new  compounds  con- 
taining the  metal.  As  a  general  rule  the  value  of  these  in  medicine  depends  on 
their  difficult  solubility.  For  while  a  certain  rather  limited  value  attaches  to 
these  preparations  as  antiseptics  after  they  pass  into  solution  either  in  the  tis- 
sue fluids  or  in  other  menstrua,  we  are  as  yet  practically  entirely  ignorant  of  any 
special  therapeutic  value  which  these  compounds  may  possess  over  various 
other  similar  rather  insoluble  substances.     Thev  are  easily  accessible  and  serve 


'Amer.   Jour.    Physiol.,   1915    (37)    383. 
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a  number  of  purposes  well  and  have  therefore  come  more  and  more  into  use. 

The  older  uses  of  the  salts  of  bismuth  as  dusting  powders  for  ulcers,  for 
gastric  catarrh  and  gastric  ulcer  and  for  diarrhea  or  other  inflammatory  condi- 
tions of  the  mucosa  of  the  alimentary  tract  have  more  recently  been  greatly 
overshadowed  by  the  introduction  of  bismuth  salts  into  x-ray  work  and  by  their 
use  in  the  diagnosis  or  treatment  of  chronic  abscesses  or  sinuses.  For  this 
latter  use  the  medical  profession  is  mainly  indebted  to  Doctor  E.  G.  Beck,  of 
Chicago,  who  has  opened  up  a  practically  new  field  in  modern  therapeutics  by 
the  introduction  of  a  paste^  composed  essentially  of  33  per  cent  of  a  bismuth 
salt  (usually  the  subnitrate,  BiONOg-f-xHoO)  and  66  per  cent  of  vaseline.  Oc- 
casionally wax-  is  used  in  the  paste.  Soluble  bismuth  preparations  are  of  but 
little  use  in  the  medicine  for  they  are  very  corrosive.  Applied  locally  to  ulcer- 
ated or  abraded  surfaces  the  common  bismuth  salts  such  as  the  subnitrate  or  sub- 
carbonate  [  (BiO)oC03+xH20],  gradually  take  up  a  certain  portion  of  the  tis- 
sue fluids  and  form  a  protective  pellicle  or  crust  which  may  expedite  the  proc- 
ess of  healing.  A  mild  antiseptic  action  and  some  astringency  are  also  mani- 
fested by  the  metal  under  these  conditions. 

Within  the  last  few  years  a  special  interest  has  been  developed  in  this  sub- 
ject by  the  occurrence  of  a  number  of  cases  of  bismuth  poisoning.  Clinically, 
these  have  usually  been  due  either  to  absorption  from  the  alimentary  canal  fol- 
lowing ingestion  of  the  metal  for  the  purpose  of  x-ray  diagnosis  or  to  absorp- 
tion from  a  sinus  or  abscess  injected  with  Beck's  paste. 

Experimentally  only  a  limited  amount  of  work  has  been  done  on  the  phar- 
macological action  of  the  metal.  There  appear  to  be  a  great  many  points  on  which 
further  careful  experimental  work  is  greatly  to  be  desired.  Under  most  condi- 
tions the  metal  is  only  a  feeblv  active  body  and  this  perhaps  accounts  for  the 
little  consideration  which  has  generally  been  accorded  to  it  by  pharmacologists. 
The  work  which  has  Ijcen  done,  however,  serves  to  give  some  insight  into  its 
pharmacological  anl  toxicological  properties.  In  animals  acute  poisoning  may 
readily  be  produced,  or  the  slow  absorption  of  small  quantities  over  some  time 
may  lead  to  chronic  intoxication.  If  a  soluble  double  salt  such  as  the  tartrate 
of  sodium  and  bismuth  be  injected  into  an  animal,  there  will  be  produced  an  ac- 
celeration of  the  respiration,  irregular  clonic  and  tonic  convulsions  followed  by 
prostration,  incoordination  and  weakness.  The  lieart  is  first  slowed  and  later 
becomes  irregular  and  weak.  The  central  nervous  system  is  lirst  stimulated 
and  later  paralyzed.  This  stimulation  of  the  central  nervous  system,  which  ap- 
pears to  be  most  marked  in  the  medulla,  is  of  peculiar  interest  in  a  metallic 
substance.  There  is  a  progressive  fall  of  blood  pressure  as  the  heart  becomes 
weak  and  irregular,  and  the  vasomotor  centre  is  more  and  more  depressed. 

The  chronic  form  of  jjoisoning  a])])ears  to  resemble  the  symptoms  produced 
liy  prolonged  absor])tion  in  man  c|uite  closely.  The  condition  here  reminds  one 
especially  of  a  mild  form  of  chronic  mercury  jioisoning  willi  some  features  re- 
.sembling  chronic  lead  intoxication.  The  alimentary  tract  is  first  affected  and 
anorexia,  nausea  and  vomiting,  diarrhea,  increased  -alivation  and  soreness  of 
tlie  mouth,  tongue  and  gums  come  on.     A  peculiar  narrow    \ioiel-black  line  may 

iReck,    K.    O.  :      Annals    of    Siuseiy,    l''|4,    ]ix.    p.     145. 
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appear  on  the  margins  of  the  gums  as  one  of  the  first  symptoms.  This  is  liable 
to  persist  for  a  considerable  period.  If  the  case  be  mild,  this  may  be  the  only 
marked  symptom  present.  The  urine  often  contains  bismuth  and  may  be  of 
a  dark  color.  If  the  intoxication  proceeds  the  stomatitis  becomes  more  and  more 
severe.  Ulceration  of  the  gums  and  buccal  mucosa  ensues  and  peculiar  violet 
or  blackish  spots  appear  over  the  surface.  These  may  become  infected  and  lead 
to  fever  and  general  systemic  disturbances.  The  swollen  gums  may  bleed  and 
the  teeth  may  become  loosened  or  fall  oul.  White  diphtheritic-like  membranes 
have  been  described  as  appearing  on  the  gums.  Various  forms  of  convulsive 
manifestations  may  appear  from  time  to  time,  and  pain  and  difficulty  are  ex- 
perienced in  swallowing.  Albuminuria  is  generally  present  especially  if  the  case 
is  severe. 

From  the  alimentary  canal  bismuth  appears  to  be  absorbed  only  with  dif- 
ficulty and  in  very  small  amounts  under  ordinary  conditions,  so  that  poisoning 
from  this  source  by  bismuth  itself  is  rare.  \\"hen  taken  into  the  stomach  or 
intestine  the  metal  is  supposed  to  form  a  thin  protective  covering  over  the  mucosa 
and  thus  protect  ulcerated  or  abraded  surfaces.  From  various  experimental  and 
clinical  observations  it  appears  that  absorption  of  the  substance  is  much  more 
likely  to  occur  if  a  large  area  of  raw  or  granulating  surface  is  coated  with  the 
metal  than  if  it  comes  in  contact  only  with  the  normal  mucosa.  This  apparently 
also  holds  true  to  a  certain  extent  in  the  injection  of  sinuses  and  abscesses,  for 
if  these  are  old  chronic  lesions  and  no  probing  or  cutting  of  the  tissues  has  been 
carried  out  so  that  the  paste  cannot  come  into  immediate  contact  with  a  fresh 
surface  of  the  tissue,  then  absorption  and  poisoning  are  much  less  likely  to  oc- 
cur. In  1887  Dalche  and  Villejean^  showed  that  pure  bismuth  salts  were  toxic. 
They  gave  a  dog  daily  10  grammes  of  the  subnitrate  without  observing  any  ill 
effect,  but  when  the  salt  was  put  on  a  raw  surface  of  any  extent,  intoxication 
often  followed. 

A  number  of  cases  of  poisoning  have  been  reported  when  bismuth  subni- 
trate was  used  and  which  manifested  symptoms  of  nitrite  poisoning  alone.  In 
these  cases  the  salt  evidently  became  decomposed  and  nitrites  became  formed 
from  the  nitrate  radicle.  This  is,  of  course,  a  wholly  different  thing  from  bis- 
muth poisoning.  An  instructive  report  on  this  point  has  been  made  by  Jensen. - 
The  symptoms  in  these  cases  consist  of  restlessness,  chilliness,  weakness  and 
loss  of  appetite,  nausea  or  vomiting,  and  headache  with  a  small,  weak,  irregular 
but  rapid  pulse.  The  temperature  is  subnormal  or  fever  may  rarely  appear. 
There  is  tingling  or  numbness  in  the  fingers,  dyspnea  and  cyanosis  and  great 
muscular  weakness.  Methaemoglobin  may  be  produced  in  the  blood  by  the  ac- 
tion of  the  nitrite.  It  has  been  suggested  by  Jensen  and  others  that  in  these 
cases  certain  bacteria  may  be  especiallv  active  in  splitting  off  the  nitrate  radicle 
from  the  bismuth.  In  bouillon  cultures  of  colon  bacilli  and  of  staphylococci 
(but  not  of  streptococci)  it  was  found  that  nitrates  were  formed  when  bismuth 
subnitrate  was  added  to  the  cultures.  And  the  suggestion  has  therefore  been 
made  that  the  subnitrate  should  not  be  used  in  injecting  sinuses,  etc..  if  previous 
bacteriological   examination   shall   have   shown   the   presence   of    colon  bacilli   or 

^Lancet,    1913,   Vol.    1,   April    12,   p.    1039.      Arch.    gen.    de.    Med.,    18S7,   ii,   p.    129. 

^Loc.  cit.  Also,  Bohme,  A.  :  Archiv.  fiir  experimentelle  Pathologic  und  Pharmakologie,  1907, 
Ivii,   p.   441. 
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staphylococci.  Perhaps  the  formation  of  moderate  amounts  of  nitrites  by  these 
organisms  in  the  ahmentary  canal  might  be  of  much  less  serious  import  than 
the  production  of  a  corresponding  amount  in  a  fistula  or  sinus.  It  would  seem 
safer  as  a  rule  to  use  the  subcarbonate  in  preference  to  the  subnitrate. 

It  has  further  been  suggested  by  Rost^  and  Wacker'''  that  the  active  (ther- 
apeutically valuable)  portion  of  Beck's  paste  may  be  the  vaseline  and  not  the 
bismuth  at  all.  Some  evidence  in  this  direction  was  apparently  obtained  by  the 
production  of  favorable  results  after  the  use  of  vaseline  alone,  "American"  vas- 
eline being  more  active  in  this  direction  than  that  obtained  in  Germany,  pre- 
sumably because  the  former  was  more  impure  and  irritating.  The  well-known 
action  of  paraffin-related  substances  in  producing  skin  lesions  is  referred  to  by 
Wacker  in  this  connection. 

Under  normal  conditions  it  appears  that  but  little  bismuth  is  absorbed  from 
the  alimentary  canal  although  occasionally  traces  may  be  found  in  the  urine  af- 
ter ingestion  of  the  metal.  The  excretion  occurs  mainly  through  the  kidneys  and 
the  alimentary  canal.  In  the  kidney  may  be  seen  that  inflammatory  condition 
usually  produced  when  that  organ  has  to  excrete  metallic  substances  foreign 
to  the  body,  the  "metallniere,"  or  metal  kidney,  of  German  writers.  The  stools 
take  on  a  black  color  which  has  generally  been  claimed  to  be  due  to  the  forma- 
tion of  the  sulphide  of  the  metal  in  the  bowel,  although  it  has  been  suggested 
that  this  is  due  to  reduction  of  the  subnitrate  in  the  intestine.  The  sulphide  is 
very  insoluble  and  Meyer  and  Steinfeld'  have  maintained  that  it  is  precipitated 
not  only  within  the  lumen  of  the  bowel,  but  also  in  the  capillaries  and  lymph 
spaces  of  the  mucosa  where  hydrogen  sulphide  penetrates  in  traces  from  within 
the  bowel.  This  causes  the  formation  of  minute  emboli  which  clog  the  capillaries 
and  lead  to  localized  ulceration  and  gangrene.  These  authors  believed  from  ex- 
perimental observations  that  bismuth  was  excreted  throughout  the  length  of  the 
alimentary  canal  but  mainly  in  the  large  intestine  where  a  dense  black  colora- 
tion of  the  entire  thickness  of  the  wall  of  the  cecum  and  colon  could  be  seen 
postmortem.  This  observation  reminds  one  of  the  excretion  of  iron.  If  in  ad- 
dition sulphur  preparations  were  given  to  animals  treated  with  bismuth  salts, 
then  blackening  or  even  ulceration  of  the  mucosa  occurred  in  the  stomach  and 
small  intestines,  also  thus  indicating  excretion  of  the  metal  in  these  regions. 

The  treatment  of  bismuth  poisoning  consists  chiefly  in  removal  of  the  cause. 
Severe  cases  of  true  chronic  bismuth  poisoning  are  scarcely  seen  at  present  be- 
cause of  the  early  diagnosis  of  such  cases.  Severe  nitrite  poisoning,  however, 
may  occur  for  it  is  much  more  rapid  in  its  onset  and  may  be  fairly  marked'  be- 
fore the  patient  is  seen  by  tlie  physician.  These  cases  are.  however,  apparently 
exceedingly  rare.  In  case  symptoms  of  poisoning  from  injection  of  bismuth 
paste  appear.  r')eck^  recommends  that  the  paste  be  removed  as  soon  as  possible. 
Tlic  best  way  to  do  this  is  by  washing  out  the  caxity  with  warm  olive  oil.  The 
sterile  oil  is  injected  and  retained  for  twelve  to  twenty-four  hours,  iri  order  to 
produce  an  emulsion,  which   should  be  withdrawn  by  means  of  suction.     .After 

■'•Rost,    Franz:      Aluencliener   Mcdizinische   Woclieiisclirift.    I'M.?.    Ix,    (lot.    14,    p.    2J81. 
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its  removal  all  symptoms  should  promptly  disappear.  Scraping  out  the  paste 
with  a  scoop  is  a  dangerous  procedure,  because  it  opens  fresh  channels  for  ab- 
sorption. 

In  Rontgen-ray^'  examinations  the  ingestion  oi  large  amounts  of  bismuth 
has  sometimes  led  to  the  formation  of  large  concretions  in  the  stomach  or  in- 
testines. Possibly  this  may  occasionally  be  associated  with  an  increased  forma- 
tion of  the  sulphide  of  the  metal. 

—D.  E.  J. 


The  Glucose  Content  of  the  Blood 

WITHIN  the  last  few  years  the  chemistry  of  the  blood  has  been  receiving 
nicreasing  attention.  Until  recently  the  methods  were  so  complicated 
and  laborious  and  required  such  large  quantities  of  blood,  that  they  could  not 
be  employed  by  the  clinician.  With  the  growing  importance  of  the  subject,  how- 
ever, simplified  methods  have  been  devised  which  permit  of  repeated  deter- 
minations, owing  to  the  fact  that  only  small  amounts  of  blood  are  required, 
without  sacrificing  accuracy.  Thus  Folin  and  Denis^  have  described  methods 
for  the  determination  of  urea,  ammonia,  non-protein  nitrogen  and  uric  acid; 
Bang,  Shaffer,-  Kowarsky  and  others  for  the  determination  of  glucose;  Mar- 
riott^ for  the  estimation  of  "acetone  bodies;"'  and  Bloor^  for  fat.  These  meth- 
ods are  now  being  employed  in  the  clinic.  The  field  is  so  comparatively  new 
that  the  data  at  hand  are  at  present  insufficient  for  definite  conclusions  in  most 
instances. 

The  variety  of  methods  for  determination  of  blood  sugar  is  greater  than  for 
most  other  substances  of  the  blood,  and  as  a  result  of  the  differing  technics  em- 
ployed, comparison  of  the  work  of  different  observers  is  misleading  at  times. 
In  any  of  the  metiiods  employed,  it  is  necessary  to  remove  the  proteins.  This 
is  accomplished  with  least  loss  of  glucose  by  combined  heat-coagulation  and 
the  Michaelis-Rona  colloidal  iron  precipitation,  as  Shaffer^  has  shown.  In  those 
methods  for  example,  in  which  the  proteins  are  removed  by  precipitation  with 
alcohol,  there  is  definite  loss  of  sugar.  Shaft'er's  method  is  rapid,  accurate  and 
requires  only  5  c.c.  of  blood  for  a  determination.  Strouse'^  has  recently  de- 
scribed a  modification  of  Kowarsky's  method  which  is  very  similar  to  Shaffer's, 
but  which  is  carried  out  with  only  0.5  c.c.  of  blood.  Should  it  prove  to  be  equal- 
ly accurate,  the  smaller  quantity  of  blood  needed  (which  may  be  obtained  from 
a  puncture  wound)  would  be  a  decided  advantage. 

With  a  given  method,  even  though  the  results  may  not  be  absolutely  cor- 
rect, still  they  are  of  value  comparatively,  showing  variations  of  glucose  content 
from  time  to  time  in  the  blood  of  the  same  individual,  and  furnishing  a  basis 
for  comparing  the  glucose  concentration  of  the  blood  of  normal  individuals  with 
that  found  in  disease. 


"Cannon.   W.    R.  :     The   American   Journal   of   Physiology,    1898,   i,   p.    359;    1902,   vi,   p.   2S1. 
'Jour.    Biol.    Chem.,    1912,    xi,    527. 
=Ibicl.,    1914,    xix,    285. 
'Ibid.,    1914,    xviii,    507. 
■"Ibid.,    1914,   xvii,    377. 
^Loc.    cit. 

«BulI.    Johns    Hopkins    Hosp.,    1915,    xxvi,    211.       (For    a    comparison    of    the    methods    of    Bang    and 
Eertrand,  see  Fitz.  Arch.  Int.  Med.,   1915,  xiv,   133.) 
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Studies  on  the  blood  of  normal  individuals  have  disclosed  the  fact  that 
diet  is  of  considerable  importance.  Thus,  a  value  which  is  normal  for  a  fast- 
ing patient  may  be  greatly  increased  after  a  meal  containing  sugar  or  starch, 
whereas  protein  and  fat  are  without  appreciable  efit'ect  on  the  percentage  of 
glucose  in  the  blood.  This  fact  has  been  emphasized  by  Bing  and  Jakobsen^ 
and  by  Strouse.  The  latter  also  made  the  interesting  observation  in  a  patient 
with  obstinate  furunculosis  but  without  glycosuria  that  the  glucose  concentra- 
tion following  a  meal  containing  carbohydrates  was  unusually  high;  the  plac- 
ing of  the  patient  on  a  strict  carbohydrate-free  diet  was  followed  very  promptly 
by  cure. 

Aside  from  the  response  to  carbohydrates  in  the  food,  Kahler^  reports  ob- 
servations which  seem  to  show  that  there  is  also  a  physiological  rise  in  the 
concentration  of  blood  glucose  in  women  during  menstruation. 

In  disease  a  few  scattered  observations  are  recorded,  as  yet  insufficient  to 
be  of  great  value.     Only  a  part  of  them  are  cited  below. 

Purjesz"  finds  that  with  increased  activity  of  the  thyroid  gland  the  blood 
glucose  is  lower  than  normal.  Bing  and  Jakobsen,^"  using  Bang's  method,  re- 
port similar  findings.  Administration  of  the  "infundibular  part  of  the  pituitary 
gland"  was  followed  by  an  increased  concentration  of  glucose.  In  pancreatic 
disease  Bing  and  Jakobsen  report  increased  percentage  of  blood  glucose.  In 
Addison's  disease  Purjesz  found  a  marked  decrease  in  glucose,  while  Schiro- 
kauer^^  has  found  normal  values  on  two  occasions  in  one  patient. 

Increase  of  blood  glucose  has  been  noted  in  hypertension.  Bing  and  Jak- 
obsen report  cases  of  nephritis  unassociated  with  hypertension,  which  also  showed 
an  increase  in  blood  glucose  content. 

Menke,^-  using  Bang's  method,  reports  observations  on  the  blood  of  dia- 
betes. Hourly  determinations  of  the  glucose  content  of  the  blood  showed  great 
variations  which,  without  regard  to  the  severit}^  of  the  disease,  seemed  to  de- 
pend on  the  taking  of  food  and  the  activity  of  the  kidneys ;  a  fall  in  blood 
sugar  was  found  to  be  coincident  with  excretion  of  sugar  by  the  kidneys.  Sur- 
prisingly high  values  were  often  encountered  in  fasting  patients,  but  it  was 
Menke's  impression  that  the  differences  in  concentration  thus  obtained  do  not 
furnish  an  accurate  index  of  the  severity  of  the  disease.  A  comparison  of  the 
blood  glucose  curve  after  ingestion  of  like  quantities  of  wheat  and  oatmeal 
showed  no  dift'erences  either  in  the  height  or  rapidity  of  the  rise.  Bing  and 
Jakobsen  found  no  direct  relationship  between  the  degree  of  hyperglycemia  and 
glycosuria  in  diabetes. 

The  group  of  cases  of  so-called  renal  diabetes  is  being  enlarged  through 
the  study  of  the  glucose  content  of  the  lilood.  Novak.  Forges  and  Strisower^^ 
have  investigated  the  spontaneous  glycosuria  of  pregnancy.  Tn  se\en  consecu- 
tive cases,  they  found  that  the  glucose  content  of  the  l)lood  was  not  increased, 
and  that  the  excretion  of  sugar  was  largely  independent  of  the  diet.     A\'ith  the 

•Dentscli.  Arch.    f.   kliii.   Mc-d.,   1914,  cxiii,   571. 

^Wiener  klin.    Wchnschr.,    1914,    xxvii,    417. 

"Thid.,    1913,   xxiv,    1420. 
"T-oc.    cit. 

"Herlin    l<lin.    Wchnschr.,    1911.    xlviii,    1505. 
"Deutsch.   Arch.    f.  klin.    Med.,    1914,  cxiv,  209. 
"Deutsch.    mcd.    Wchnschr.,    1912,    xxxviii,    1868. 
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carbohydrates  eliminated  from  the  food,  sugar  was  still  excreted,  but  the  addi- 
tion of  a  considerable  amount  of  carbohydrates  to  the  diet  did  not  cause  a  cor- 
responding increase  in  the  sugar  of  the  urine.  Salomon^*  has  reported  observa- 
tions on  renal  diabetes  in  non-pregnant  patients.  He  finds  that  the  concentra- 
tion of  glucose  in  the  urine  is  usually  under  one  per  cent  and  that  the  excretion 
of  sugar  is  only  slightly  affected  by  diet.  The  blood  glucose  concentration  is 
usually  under  0.1  per  cent.  After  administration  of  100  gms.  of  glucose  to  the 
fasting  patient,  usually  only  from  1  to  7  per  cent  of  this  is  excreted  in  the  urine. 
With  the  administration  of  glucose  there  is  a  hyperglycemia  which  persists  for 
a  few  hours. 

It  is  altogether  probable  that  the  results  of  the  study  of  blood  glucose  will 
greatly  enrich  clinical  medicine,  not  only  from  the  standpoint  of  more  accurate 
diagnosis  and  prognosis,  but  also  of  treatment. 

—R.  S.  M. 


"Ibid.,    1914.    xl,    217. 
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GROWTH 


By  Lafayette  B.  Mendel  and  Thomas  B.  Osborxe,  Xew  Havex,   Coxx. 


THE  solution  of  the  chemical  problems  of  growth  has  been  approached  along 
various  avenues.  One  of  these,  and  perhaps  the  earliest  to  be  followed  by 
any  considerable  number  of  investigators,  leads  to  the  chemical  a>ialysis  of  both 
growing  and  fully  grown  individuals.  Its  primary  object  is  to  disclose  the  char- 
acteristics of  growth  by  a  comparison  of  the  chemical  composition  of  organisms 
at  various  stages  of  their  development.  Despite  the  considerable  abundance  of 
data  thus  accumulated,  relatively  little  of  major  importance  has  been  contributed 
thereby  to  our  knowledge  of  the  subject.  Growing  cells  and  tissues  may  be 
morphologically  and  functionally  unlike  the  fully  developed  structures  into  which 
tliey  are  finally  transformed,  but  the  analytical  methods  of  the  chemist  of  to- 
day are  not  sufficiently  refined  to  reveal  any  eminently  unique  features  of  make- 
up characteristic  of  growth. 

It  is  true  that  embryonic  and  other  growing  tissues  are  comparatively  rich 
in  water,  and  that  the  water-content  diminishes  to  a  certain  degree  with  increas- 
ing age;  but  aside  from  such  rather  inexpressive  generalizations  respecting  quan- 
titative variations  in  composition  at  different  stages  of  growth,  no  striking  facts 
have  yet  lieen  furnished  by  the  devices  of  tissue  analysis.  Equally  unprogressive 
has  been  the  stud}-  of  the  comparative  biochemistry  of  growth  in  the  direction 
of  qualitative  analysis.  From  a  purel\  biological  standpoint  it  is  of  interest, 
and  a  result  perhaps  to  have  been  anticipated,  that  there  is  a  lixity,  so  to  sf-eak, 
in  the  composition  of  animal  structures  at  various  si/ces  of  tlie  same  indi\  iduals. 
The  number  of  the  cells  or  the  volume  of  each  of  them  may  be  increased  enor- 
mously;  yet,  l)roadly  considered,  the  available  analytical  data  show  no  striking 
differences  in  the  chemical  organization  of  the  resultant  protoplasmic  mass  in 
comparable  tissues  at  \arious  periods.  In  cyiher  words,  aside  from  Iransiior) 
depositions  of  reserve  materials  such  ais  glycogen  or  fat,  muscle  remains  alike  in 

*From    ttie    Slieffield    Laboratory    of    Pliysiolopical    Clicmistry    in    Vale    Uiiivc-rsily    and    tlie    Labora- 
tory   of    tlie    Connecticut    Agricultural     ]\xi)erinicnt    Station    at     New     Haven,    Conn. 


212  The  Journal  of  Laboratory  and  Clinical  Medicine 

its  gross  composition,  and  the  nervous  substance  exhibits  essentially  the  same 
chemical  characteristic  components,  independent  of  age,  diet,  or  environmental 
condition. 

Several  years  ago  a  study  of  the  composition  of  the  bodies  of  mice  kept 
upon  diets  of  widely  different  types  led  one  of  us  to  express  the  outcome  in 
these  words :  "The  constant  composition  of  the  organism  which  is  exhibited 
by  our  analysis,  does  not  speak  in  favor  of  the  possibility  of  depriving  the  body 
by  alimentary  procedures  of  any  constituent  excepting  fat  that  is  essential  for 
its  functions.  On  the  contrary,  it  appears  that  the  (jrganism  adheres  to  its  pro- 
portionate composition.  A  deficiency  in  llie  diet,  a  lack  of  some  food  com- 
ponent, is  not  responded  to  by  growth  in  which  the  tissue  produced  is  chem- 
ically abnormal  and  shows  a  depletion  in  the  missing  factor.  Its  composition 
remains  unaltered.  Normal  growth  can  proceed  only  when  all  the  important 
constituents  are  assimilated  in  the  proportions  in  which  they  make  up  the  body. 
Losses  are  sustained  only  by  the  uniform  disintegration  of  the  tissues,  whereby 
their  relative  composition  remains  unaltered. '*' 

A  more  effective  advance  upon  the  chemical  questions  relating  to  growth 
has  been  made  by  the  study  of  nutrition  in  this  period  of  life.  This  more  mod- 
ern plan  has  meant  a  determination  of  what  constructive  units  are  essential  for 
the  building  up  of  an  adult  organism,  what  materials  must  be  furnished  to  the 
growing  individuals,  what  possibilities  of  synthesis  are  inherent  in  them  and 
will  enable  them  to  supply  by  construction  the  necessary  tissue  components. 
The  successful  pursuit  of  this  method  of  inquiry  depends  upon  the  justifiable 
assumption,  already  mentioned,  that  protoplasm,  if  it  is  constructed  at  all,  is 
not  made  into  a  fundamentally  defective  variety  of  diet,  though  deficiencies  in 
the  latter  may  lead  to  an  unmaking  of  cells  already  developed. 

The  questions  relating  to  the  initiation  of  growth  and  to  the  fundamental 
energy  factors  are  not  touched  upon  in  this  review.  Certain  modifying  features 
of  nutrition  in  growth  are  more  or  less  obvious.  The  necessity  for  certain  ele- 
ments, like  calcium,  calls  for  no  further  comment  here  than  to  inquire  to  what 
extent  the  need  of  them  is  specific  in  growth.  In  the  ordinary  wear-and-tear 
of  life,  or  what  is  technically  designated  as  the  maintenance  metabolism,  losses 
of  structural  elements  call  for  restitution.  In  the  case  of  the  most  of  them  we 
shall  probably  not  err  widely  in  saying  that  the  metabolism  of  growth  repre- 
sents a  highly  exaggerated  instance  of  the  same  needs,  but  on  a  scale  appropriate 
to  produce  increment  instead  of  mere  maintenance  of  body  substance. 

Modern  chemical  physiology  has  demonstrated  in  a  convincing  way  that 
the  diverse  proteins  which  are  now  known  to  occur  in  nature  can  no  longer  be 
considered  solely  in  a  generic  way  in  the  roles  which  they  play  in  the  organism. 
These  nitrogenous  compounds  lose  their  biological  identity,  even  before  they 
leave  the  alimentary  tract,  by  becoming  disintegrated  into  the  chemical  units — 
the  amino-acids — out  of  which  the  proteins  are  built  up.  In  so  far  as  these 
amino-acids  merely  serve  as  fuel,  it  seems  to  matter  little  what  their  precise 
nature  is.  All  of  them  can  be,  and  usually  are,  destroyed  readily  in  the  met- 
abolism. Inasmuch  as  tissue  proteins  are  broken  down  in  a  small,  yet  seeming- 
ly inevitable  degree  in  the  wear-and-tear,   the  problem  of   satisfactory   restora- 

^Mendel,  L.  15.  :  Der  Einnuss  dcr  Nahrung  auf  die  chemische  Zusammeiiietzung  des  Tier- 
korpers.       Biocliemische    Zeitschrift,     1908,    xi,    281. 
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tion  arises.  During  growth  additional  new  protein  molecules  are  to  be  provided. 
At  the  present  time  it  may  be  said  with  confidence  that  many,  though  not  all, 
of  the  amino-acids  must  be  offered  ready-made  in  the  diet,  because  there  is  no 
evidence  that  they  can  be  synthesized  dc  novo  even  in  growing  mammals.  For 
the  lower  forms  of  animal  life  this  statement  may  not  be  valid,  as  it  is  not  in 
the  case  of  plants.  In  the  higher  forms,  however,  the  exhibition  of  dietary  pro- 
teins which  are  deficient  in  respect  to  their  yield  of  any  of  the  essential  amino- 
acids  may  be  expected  to  lead  to  suppression  of  growth  and  even  failure  of  main- 
tenance, depending  on  the  degree  and  nature  of  the  structural  shortcomings. 

The  evidence  in  support  of  this  general  statement  has  resulted  from  the  pos- 
sibility of  preparing  a  ration  which  is  complete  or  adequate  for  growth  in  every 
respect  other  than  the  protein  component.  This  latter  factor  can  then  be  added 
experimentally  in  any  way  desired.     The  casein  of  milk  is  one  of  a  few  pro- 

CH,.COOH 
teins   which   fail  to  yield   the  aniino-acid    glycocoU  |  upon    analysis. 

NH, 
Tissue  proteins,  and  particularly  those  of  the  omnipresent  connective  tissues,  in- 
clude a  relatively  large  content  of  the  glycocoU  group  in  their  make-up.  Yet 
animals  can  be  grown  to  maturity  and  into  a  second  generation  upon  a  diet  con- 
taining the  glycocoll-free  casein  as  practically  the  sole  source  of  food  protein. 
Here,  then,  is  a  striking  illustration  of  the  capacity  of  a  growing  organism  to 
supply,  by  synthesis,  one  of  the  essential  amino-acid  constructive  units  of  its 
protoplasm.  On  the  other  hand,  there  are  proteins,  particularly  of  vegetable  or- 
igin, which  fail  to  furnish  one  or  more  of  the  amino-acids,  such  as  tryptophane 
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which  tissue  proteins  also  yield.  As  the  result  of  very  recent  experimental  in- 
vestigation there  is  little  room  for  doubt  that  all  of  these  mentioned  amino-acids 
must  be  furnished  ready-made  to  an  organism  for  the  constructive  uses  of 
growth.  The  organic  chemist  will  appreciate  why  the  laboratory  of  the  living 
cells  may  be  unable  to  synthesize  nuclei  so  complex  as  those  of  tryptophane  or 
tyrosine  and  yet  be  competent  to  produce  a  comparatively  simple  product  like 
glycocoU. 

The  be>t  proof  of  the  indispensability  of  some  of  the  amino-acids  has  been 
furnished  by  actual  feeding  experiments.  \\'ithout  the  proper  complement  of 
these  units,  even  the  best  diet  spells  disaster;  and  the  addition  of  the  missing 
ones,  either  as  such  or  in  the  guise  of  proteins  containing  them,  brings  renewal 
of  growth  pnii)ortionate,  as  a  rule,  to  the  extent  to  which  the  deficiencies  are 
made  good  quantitatively  as  well  as  qualitatively.     The  lack  of  an  e>^scntial  pro- 
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tein  factor  need  not  be  an  absolute  one  to  produce  mahiutrition.  It  has  become 
apparent,  as  Abderhalden  pointed  out  long  ago,  that  where  the  organism  can- 
not synthesize  an  essential  fragment,  the  nutriti\e  pace  is  set,  so  to  speak,  by 
the  minimum  of  any  indispensable  dietary  ingredient.  In  practice  this  means 
that  however  abundant  in  protein  and  seemingly  "balanced"  a  diet  may  be  from 
the  standpoint  of  the  theories  of  nutrition  of  a  generation  ago,  it  is  certain 
to  be  inadequate  for  growth  if  the  proteins  are  qualitatively  unsuitable  as  in  fact 
they  may  be  if  derived  from  a  single  source. 

For  the  problems  of  practical  dietetics  and  particularly  of  animal  produc- 
tion it  is  further  of  interest  to  note  that  chemically  identical  proteins  are  ap- 
parentlv  not  present  in  animals  or  plants  of  dififerent  species  unless  they  are 
biologically  closely  related.  In  so  far  as  the  differences  are  an  expression  of  in- 
equalities in  the  amino-acid  make-up  of  the  protein  from  these  varied  sources 
they  are  likely  to  have  significance  in  the  construction  of  a  dietary  suitable  for 
growth.  There  are  various  protein  by-products,  for  example  from  the  cereal, 
milk  and  meat  industries,  Avhich  are  available  as  low  priced  nutrients  and  the 
successful  use  of  which  must  henceforth  be  determined,  in  so  far  as  they  en- 
ter largely  into  the  rations  of  growing  animals,  by  the  standard  of  their  com- 
petence to  furnish  the  essential  amino-acids  suitably.  It  has  been  shown  that 
unquestionable  differences  exist  in  the  economy  of  correcting  various  inadequate 
protein  foods  with  appropriate  supplementary  proteins.  The  problem  seems  in 
part  at  least  to  be  one  of  suitably  combining  products  that  are  deficient  in  one 
or  more  nutrient  units  so  that  the  mixture  shall  not  have  any  serious  relative 
shortage  of  any  one  of  them. 

The  upshot  of  these  newer  developments  in  the  physiolog}'  of  nutrition  has 
been  to  give  a  new  trend  to  the  biochemistry  of  the  proteins  and  to  lend  a 
greater  importance  to  this  pre-eminent  group  of  food  stuffs.  Those  whose  field 
of  interest  lies  far  away  from  these  strictly  chemical  aspects  of  nutrition  will 
appreciate  the  comment  of  one  of  our  colleagues  (von  Fiirth)  when  he  says: 
"I  invariably  experience  a  feeling  of  envy  when  I  read  the  letters  of  Liebig, 
\\^ohler,  or  Berzelius,  and  note  how  important  an  event  for  these  fortunate  in- 
dividuals was  the  appearance  of  every  scientific  publication.  \\  ith  what  devo- 
tion and  joy  they  read  and  re-read  e^•ery  detail  of  even  the  smallest  scientific 
contribution.  Today,  owing  t.o  the  great  mass  of  scientific  literature,  we  are  m 
danger  of  losing  the  naive  pleasure  which  anything  novel  should  afford ;  and 
we  are  likely  to  sacrifice  the  spirit  of  inquiry  or  inquisitiveness  that  attaches  to 
the  soul  of  the  man  of  science.  And  so,  today  when  the  devotee  of  biochemistr}^ 
working  in  the  sweat  of  his  brow,  is  barely  able  to  orient  himself  in  the  es- 
sentials of  its  literature,  familiarity  with  its  content  has  long  since  become  an 
impossibility  for  him  who  stands  apart  from  any  immediate  concern  with  such 
topics."     (v.  Fiirth:     Probleme,  i,  p.  2.) 

And  now,  at  a  time  when  the  energy  problems  of  growth  have  reached  a 
degree  of  solution  that  gives  a  clear  and  fairly  comprehensive  insight  into  this 
aspect  of  nutrition,  so  that  this  chapter  of  physiolog}-  can  at  length  be  reviewed 
with  a  fairly  satisfactory  understanding  of  what  it  involved,  entirely  new  ques- 
tions have  thrust  themselves  into  the  foreground.  Physiologist?  have  long  real- 
ized that  the  ideal  way  to  study  the  problems  of  nutrition  would  be  by  feeding 
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artificial  mixtures  of  the  isolated  and  purified  nutrients.  The  successive  fail- 
ures of  the  attempts  in  this  direction,  which  need  not  be  detailed  here,  coming- 
in  conjunction  with  evidence  from  other  sources,  have  awakened  us  to  the  real- 
ization that  perhaps  something  more  than  the  familiar  proteins,  fats,  carbohy- 
drates  and  inorganic  nutrients  are  essential  to  the  persistence  of  the  life  proc- 
esses or  the  accomplishment  of  prolonged  growth.  The  modern  researches  on 
the  physiological  significance  of  the  secretions  of  the  ductless  or  so-called  en- 
docrine glands  and  the  growing  evidence  for  the  regulatory  function  of  hormones 
or  chemical  stimulants  distributed  by  the  circulation  have  made  it  easier  to  be- 
lieve that  substances  which  are  neither  significant  as  sources  of  energy  nor  suf- 
ficiently abundant  to  construct  new  portions  of  protoplasm  may  nevertheless  ex- 
ercise a  dominant  efifect  upon  nutrition.  To  one  who  has  been  brought  up  in 
the  study  of  exact  stoichiometric  relations  in  science  there  is  something  almost 
unscientific  and  mystical  in  the  discovery  that  mixtures  of  food  stufifs  which 
are  selected  from  the  chemist's  supplies  and  fail  to  maintain  animals  can  be 
made  adequate  by  the  addition  of  milk,  for  example,  in  quantities  far  too  small 
to  have  significance  as  a  /source  of  energ}\  ^^'e  are  dealing  here  with  what  have 
been  called  food  accessories  or  "vitamines." 

Growth  appears  to  be  in  some  degree  dependent  upon  the  presence  of 
chemical  determinants  of  this  order.  For  the  present  they  must  not  be  confused 
with  other  known  essential  nutrients,  with  suitable  amino-acids,  or  inorganic 
salts,  or  appropriate  carbohydrates.  It  must  be  recognized,  at  the  outset,  that 
unless  the  conditions  are  suitable  for  maintenance,  growth  which  is  normally 
superimposed  upon  it,  cannot  proceed.  The  value  of  food  accessories  of  as  yet 
unknown  chemical  nature  has  been  made  evident  of  late  by  feeding  experiments 
with  isolated  food  substances,  where  additions  of  small  amounts  of  naturally 
occurring  products  have  prevented  nutritive  decline  or  brought  restoration.  This 
is  notably  true  of  the  "protein-free  milk"  devised  by  Osborne  and  i\lendel  for 
feeding  rats.  No  artificial  imitation  of  this  natural  mixture,  which  contains 
milk  sugar,  inorganic  salts  and  very  small  quantities  of  unknown  ingredients, 
has  been  devised  to  replace  it  satisfactorily  for  considerable  periods  of  growth. 
The  success  of  the  "natural"  product  seems  to  be  dependent  upon  the  presence 
of  undiscovered  "determinants"  in  minute  traces.  Evidence  for  tlic  existence 
of  such  accessories  is  further  furnished  by  the  so-called  deficiency  diseases.  In 
some  cases  heating  seems  sufficient  to  destroy  some  thermolabile  determinant  of 
maintenance.  The  development  of  scurvy  from  the  use  of  heated  foods  is  an 
illustration  of  this  point. 

It  is  not  unlikely,  in  the  light  ot'  the  meager  tlata  now  at  hand,  that  there 
is  more  than  one  determinant  or  food  accessory  that  itromotes  suitable  main- 
tenance. There  is  no  justification  whatever  for  including  these  unknown  factory 
today  in  a  common  chemical  group  aside  from  the  lact  th;u  they  seem  to  lie 
essential  and  to  act  in  small  aniomit<  in  \\a\s  not  hitherto  taken  cognizance  of. 
Some  of  them  are  tmquestionabl\-  (|m'tc  thcrniostabile,  others  arc  piihap-  thermo- 
labile. With  the  possible  exception  of  I'unk's  bei-iberi  ■■\itamine'"  tiiey  have 
hitherto  eluded  chemical  identification.  Perhaps  they  merely  stimulate  the  ap- 
])etite  and  thus  induce  an  adeciuale  food  intake;  thmigh  this  explanation  seems 
to  be  clearly  contradicted  l)y  some  of  the  existent   reports.     I'erhaps  they  merely 
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supply  cell  adjuvants  like  iodine  or  manganese  or  some  organic  compound,  the 
need  of  which  we  have  overlooked  because  it  is  quantitatively  so  small.  In  any 
event  they  represent  an  undetermined  factor  that  must  be  reckoned  with. 

However,  an  adolescent  animal  may  actually  fail  to  grow  upon  a  diet  which 
serves  well  to  maintain  an  adult  individual  of  the'  same  species.  Grown  rats 
have  been  kept  in  good  health  for  many  months  on  a  ration  consisting  of  pro- 
tein, sugar,  starch,  "protein-free  milk"  and  lard.  Upon  this  diet  the  young  of 
the  same  species  grow  for  a  limited  period  and  then  invariably  decline.  We 
have  had  the  almost  paradoxical  experience  that  those  animals  which  grow  on 
the  diet  mentioned  presently  die.  whereas  those  which  do  not  experience  growtli 
are  more  likely  to  continue  to  live.  This  may  be  interpreted  to  indicate  that  in 
growth  an  essential  substance  presumably  stored  in  some  measure  in  the  adoles- 
cent organism  is  used  up,  whereupon  nutritive  failure  ensues ;  whereas  in  the  ab- 
sence of  active  growth  a  depletion  of  the  material  so  necessary  does  not  take 
place  in  the  same  degree.  It  has  been  shown  that  this  cessation  of  growth  can 
be  iStopped  and  growth  resumed  by  the  substitution  of  other  naturally  occurring 
fats  for  part  of  the  lard  of  the  ration.  In  butter-fat,  egg-fat,  cod  liver-fat,  and 
beef-fat, — and  more  specifically  in  the  fractions  of  these  containing  the  oil  com- 
ponents liquid  at  ordinar\-  temperatures — there  exists  a  determinant  of  growth 
in  the  sense  in  which  this  expression  has  been  discussed  above.  It  is  apparently 
not  a  nitrogenous  or  phosphorized  compound  like  the  phosphatides  which  have 
been  charged  with  growth-promoting  eiTects.  but  experimentally  its  action  is  pro- 
nounced in  rats.  When  other  factors,  such  as  suitable  proteins  or  salts,  are 
missing  the  chemical  accessories  yielded  by  the  natural  fats  are  obviously  in- 
capable by  themselves  of  insuring  growth. 

How  or  why  do  these  chemical  determinants  promote  growth?  The  best 
that  we  can  do  today  is  to  recite  the  facts.  Perhaps  the\'  promote  appetite  and 
lead  to  gain  of  weight  by  inducing  suitable  food  intake.  It  is  not  easy  to  recon- 
cile such  a  hasty  explanation  with  the  marked  differences  between  the  fats 
studied.  Perhaps  they  merely  represent  chemical  ingredients  necessary  at  all 
times  for  the  body  cells,  but  needed  in  great  abundance  during  increment  in 
size  and  therefore  not  available  in  sufficient  amounts  in  a  diet  adequate  for  mere 
maintenance  with  limited  wear-and-tear  or  tissue  loss.  These  problems  are  still 
with  us. 


THE  GENERAL  PATHOLOGY  OF  PELLAGRA,  WITH  SPECIAL  REFER- 
ENCE TO  FINDINGS  IN  THE  THYROID  AND  ADRENALS* 


By  P1.1NN  F.  Morse,  M.D.,  Detroit,  Mich. 


"pElvLAGRA  is  interesting  from  the  standpoint  of  pathology  because  it  bears 
-■-  a  rather  unique  place  among  the  well-known  clinical  conditions.  No  dis- 
ease has  been  more  thoroughly  studied  from  most  standpoints  and  less  thor- 
oughly from  that  of  its  general  patholog}^  The  incidence,  geographical  distribu- 
tion, mortality,  relations  to  diet  and  to  possible  infective  sources,  have  been  the 
subject  of  extensive  investigation  by  many  organized  commissions  and  independ- 
ent observers,  but  perusal  of  the  reports  from  these  sources  gives  one  the  im- 
pression of  marked  one-sidedness  in  the  method  of  attack,  for  the  reason  that 
there  seem  to  be  no  recent  examinations  by  modern  methods  of  the  pathological 
anatomy  of  the  disease  as  a  whole.  All  the  recent  complete  studies  have  been 
focused  especially  on  the  nervous  system,  and  Harris  states  that  he  has  no  doubt 
but  that  pellagra  wiU  be  found  to  be  essentially  a  nervous  disease  when  the  prob- 
lem is  finally  solved.  Such  excellent  studies  of  the  histopatholog}^  of  the  ner- 
vous system  appear  in  the  literature  that  it  is  not  necessary  to  do  more  than 
review  them.  Concerning  other  organs  and  tissues  however  very  little  has  been 
said  recently.  The  bibliography  up  to  1910  and  the  pathological  findings  up  to 
that  time  are  reviewed  by  Lavinder  and  Babcock  in  their  translation  of  Marie's 
book.  Nothing  has  been  added  since  except  more  detailed  studies  of  the  ner- 
vous system. 

The  pathological  findings  up  to  1910  as  abstracted  from  Lavinder  and  Bab- 
cock's  review  of  the  literature  are  briefly  as  follows : 

Central  Nervous  System. — Pigmentary,  granular,  and  fatty  degenerations  of 
the  nerve  cells,  occasional  loss  of  myelin  around  the  axis  cylinders,  ^■arying  de- 
grees of  degeneration  and  sclerosis  of  the  posterior  and  the  lateral  i)yramidal 
tracts.  The  degeneration  in  the  posterior  columns  differs  from  tabes  in  cer- 
tain important  respects.  The  increased  pigmentation  of  the  posterior  root  gang- 
lia described  by  Lombroso  is  one  of  the  most  important  constant  changes.  i*>el- 
mondo,  cited  by  Lavinder  and  Babcock,  naively  states  that  tliis  pigmentary 
change  occurs  even  in  the  "youngest  cells  of  the  ganglia,"  not  recognizing  the 
fact  that  all  nerve  cells  are  of  prenatal  origin.  A  large  number  oi  inconstant 
concomitant  changes  common  in  man}-  other  conditions,  such  as  hemorrhage,  in- 
tercurrent myeliti-^,  osteomata  of  the  arachnoid,  thickening  of  the  meninges  and 
adhesions  to  the  skull  cap,  myelin  droplets  in  varicnis  parts  of  the  cord,  etc.,  are 
descril)ed  by  various  authors  in  detail. 

Arteriosclerosis  of  the  vessels  of  the  central  nerxxnis  system  :ind  its  results 
have  been  freciuently  noted. 

Lungs. — Accidental  complicating  legions  such  as  emphysema,  pneumonia, 
edema,   congestion,   tuberculosis. 

Heart. — The  constant  and  striking  change  has  been  extreme  brown  atrcTi)hy 


*l"rom   tlie    Uiilil    Memorial    I.ali(iratoi  y   of   HarpiT    Hospital.    Detroit. 


218  The  Journal  of  Laboratory  and  Clinical  Medicine 

of  the  heart  muscle.  Hypertrophy,  atrophy,  atheroma,  hydropericardium  and 
aneurism  have  been  occasionally  met  witli. 

Liver. — Brown  atrophy  was  the  most  constant  change,  congestion  and  fatty 
infiltration  were  sometimes  found. 

Spleen. — Atrophy. 

Kidneys. — Atrophy,  fatty  changes  in  the  tubules,  and  increase  of  inter- 
stitial connective  tissue. 

Intestines. — Muscular  atrophy  of  the  wall,  hyperemia  and  ulceration  of  the 
rectum.  Other  changes,  such  as  anemia  and  hyperemia,  chronic  enteritis,  and 
thickening  of  the  Peyer's  patches  have  been  accidental  and  less  constant. 

Suprarenal  capsules,  pancreas,  and  testicles  are  reported  as  normal.  X'o 
definite  references  to  microscopical   appearances  are  made. 

Female  Sexual  Organs. — These  showed  many  noncharacteristic  lesions  of 
common  occurrence  in  other  conditions. 

Muscular  System. — Atrophy  was  the  most  constant  finding. 

Skeleton. — Fragility  of  the  ribs  and  other  bones  dependent  upon  eccentric 
atrophy  was  frequently  observed  along  with  evidence  of  increased  blood  de- 
struction in  both  the  marrow  and  the  spleen. 

The  most  complete  study  of  the  central  nervous  system  in  pellagra  made 
in  this  country  is  that  of  Harris  who  confirmed  the  work  of  Babes,  Scion,  and 
Marinesco  and  added  certain  important  features.  Harris  described  small  col- 
lections of  l}-mphocytes  in  the  brain  and  swelling  of  the  neuroglia  in  associa- 
tion with  the  vessels.  Hitherto  undescribed  changes  in  the  Purkinje  cells  prob- 
ably explaining  the  ataxic  form  of  the  malady  were  brought  out  by  him.  A 
more  recent  minute  study  of  the  nervous  system  in  pellagra  hiis  been  made  by 
S.  A.  K.  ^^^ilson,  who  lays  stress  on  the  degeneration  of  tt  granules  of  Reich,  and 
marked  degeneration  of  the  cells  in  Clark's  columns.  \Mlson  believes  that  the 
degenerations  found  in  the  cord  are  pseudo-system  degenerations. 

Skin. — The  findings  in  the  skin  are  not  reported  as  very  striking  or  char- 
acteristic. There  has  been  a  rather  constant  increase  of  the  horny  layer  with 
marked  desquamation,  the  stratum  Malpighii  has  been  found  atrophic,  and  the 
corium  sclerotic  with  thickening  of  the  vessels,  and  perivascular  infiltration. 
Gurd  has  described  these  changes  in  detail  and  has  considered,  as  others  have 
before  him,  the  changes  due  to  the  action  of  actinic  rays  upon  abnormally  sen- 
sitized skin. 

Specific  references  to  the  ductless  glands  are  rare.  Harris  and  Wilson  both 
state  that  examinations  of  the  ductless  glands  in  their  cases  were  made  and  the 
organs  found  normal. 

An  interesting  clinical  finding  of  great  importance  is  the  occurrence  of  a 
lymphocytosis  as  reported  by  Hillman  and  Schulle,  and  others. 

The  clinical  history  of  the  patient  from  whom  the  material  here  reported 
was  obtained  is  briefly  as  follows : 

Mrs.  W — ,  Widow,  age  38,  housewife,  English,  admitted  to  Harper  Hospital 
on  September  24,  1915,  on  the  service  of  Dr.  Haass. 

Patient  complained  of  weakness,  diarrhea,  "sore  arms"  and  "cloudiness  in 
head,"  the  duration  the  patient  stated  to  be  about  four  months.  It  was  very  dif- 
ficult to  obtain  an  adequate  history  on  account  of  the  patient's  marked  mental 
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torpor  bordering  at  times  upon  amentia.  Family  History.  No  clear  statements 
obtainable  relative  to  diseases  or  cause  of  death  of  parents  or  other  relatives. 
Personal  History :  Husband  died  three  years  ago  of  tuberculosis.  One  child 
twelve  years  of  age.  living  and  well.  She  has  worked  for  some  time  in  a  chan- 
delier store  as  scrub  woman.  Came  to  this  country  two  years  ago.  Patient  can- 
not remember  any  other  sickness  in  her  life.  Has  not  menstruated  for  seven 
months. 

Present  Trouble. — Has  not  been  feeling  well  for  last  seven  months  since 
she  stopped  menstruating.  Her  appetite  has  been  poor  with  an  occasional  head- 
ache and  dizziness.  For  the  last  four  months  patient  has  had  a  diarrhea  con- 
stantly. She  has  been  bothered  by  "cloudiness  and  haziness  in  the  head,"  poor 
memory,  irritability,  headache,  weakness,  and  dizziness.  A  skin  lesion  appeared 
four  months  ago,  first  between  the  fingers  on  the  backs  of  the  hand ;  it  grad- 
ually spread  involving  the  hands  and  extensor  surfaces  of  the  forearms,  the 
knees,  feet  and  neck  then  became  involved  to  a  less  extent.  The  patient  dreads 
food  and  even  liquids  because  they  nauseate  her  and  give  her  diarrhea.  She  is 
unable  to  taste  anything  and  her  mouth  is  dry  and  sore.  She  sleeps  poorly  and 
of  late  has  lost  control  of  her  rectal  sphincters.     (Ulceration?) 

Physical  Examination. — The  patient  is  a  medium  built  woman  with  dull  ex- 
pression and  staring  eyes.  Poorly  nourished  scalp  with  hair  rapidly  thinning. 
Pupils  equal  and  react  to  light  and  accommodation.  The  lips  are  dry  with  cor- 
ners eroded  and  are  partly  covered  with  a  silvery  gray  coat.  There  are  erosions 
of  the  mucous  membrane  of  the  mouth  and  the  tongue  is  reddened  and  swollen. 
There  are  no  palpable  glands.  Heart  and  lungs,  negative.  Abdomen,  tender 
and  flaccid;  liver  and  spleen,  not  palpable.  On  extensor  surfaces  of  the  hands 
and  forearms  the  skin  is  thickened,  cracked  and  pigmented,  witli  deep  wrinkles, 
resembling  the  skin  of  a  very  old  person  except  that  it  is  thick,  hard,  dry.  and 
pigmented.  The  skin  is  so  much  thicker  in  the  portion  involved  that  taken  with 
the  distribution  the  lesion  gives  the  impression  of  a  glove.  The  coloration  varies 
from  a  narrow  zone  of  bright  ])ink  erythema  around  the  edge  to  dark  brown  in 
the  thinner  portions  of  the  lesion  and  a  brownish-yellow  in  the  tliick  leathery 
expanse  of  the  lesion  proper.  The  same  condition  is  present  over  the  knees, 
on  the  backs  of  the  feet  near  the  toes,  and  around  tlie  neck  in  the  manner  of 
a  pendant.  The  reflexes  are  sluggish  and  sensation  is  delayed  especially  o\cr 
the  involved  area.  The  patient  has  not  been  able  to  stand  on  her  feet  for  sev- 
eral weeks  probably  because  of  weakness. 

White  cell  connt. — 7,300  Polys.,  S2)%;  Small  lymphocytes,  }>^'yi  ;  Large 
lymphocytes,  6%;  Transitionals,  V/i  ;  Hemoglobin.  7S^( . 

IVassermann. — Negative.  Urine  negative.  Temperature  \ery  irregular,  vary- 
ing from  97  F.  to  101  F.  Examination  of  stools  on  warm  stage  revealed  no 
amebae  or  oIIilm-  parasites. 

A  diagnosis  of  pellagra  was  made  by  Or.  Haass  and  the  patient  rcferreij  to 
the  dermatological  serxice  of  Dr.   11.   I\.  X'arney  who  concurred  in  the  diagnosis. 

It  later  appeared  that  tlie  ])atieiit  has  been  at  ilie  \\ Oman's  Hospital  and 
turned  over  to  tlie  Poor  Conunission  liy  Dr.  X'eniier  a>  a  pellagrin.  Tlu'  Poor  Com- 
mission sent  her  to  St.  Mary's  Hospital  where  the  diagnosis  was  made  by  a  house 
physician  who  had  resided  in  the  South.     The  case  was  immediately  deiiorled  fiom 
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St.  Mary's  Hospital  by  the  vSister  in  charge  under  the  impression  that  pellagra 
was  contagious.  She  was  then  sent  to  Harper  Hospital  and  was  later  exam- 
ined by  Lieut.  Weber  of  the  Public  Health  Service  who  concurred  in  the  diag- 
nosis and  was  arranging  for  her  deportation  as  a  diseased  alien  when  she  died. 
It  is  therefore  thought  that  the  characteristic  combination  of  skin  lesion,  gastro- 
intestinal disease  and  profound  mental  disturbance  coupled  with  the  confirma- 
tion of  several  independent  diagnoses  made  by  various  physicians  all  of  whom 
have  had  experience  with  pellagrins,  make  the  diagnosis  certain. 

The  patient  died  on  October  4th  at  10  a.  m.     Autopsy  was  performed  at  3 
p.  m.  of  the  same  day. 

Autopsy  Notes. 

The  body  is  that  of  an  emaciated  female  apparently  about  40  years  of  age. 
There  is  moderate  overgrowth  of  hair  over  the  body  with  somewhat  of  a  mas- 
culine type  of  distribution.  Eyes  and  nose  negative.  Mouth  shows  marked  py- 
orrhea and  a  bluish  line  on  the  gums  somewhat  resembling  that  of  lead  poison- 
ing. The  buccal  mucosa  is  ulcerated,  the  tongue  red  at  the  margins,  dry  and 
cracked,  with  a  heavy  yellowish  coat  toward  the  center,  lloth  hands  and  arms 
present  marked  skin  changes.  On  the  exten.sor  surfaces  it  is  very  thick  and 
wrinkled  with  marked  pigmentary  deposit.  The  outer  borders  of  the  lesion  are 
dark  brown  in  color  and  the  rest  a  brownish-yellow.  The  skin  appears  edema- 
tous and  thickened  and  is  extremely  wrinkled.  There  is  increased  desquama- 
tion. The  lesion  ends  on  the  extensor  surface  toward  the  elbow  in  a  rather  "V" 
shape.  Both  knees  show  the  same  lesion.  The  backs  of  the  feet  near  the  toes 
show  less  advanced  lesions  there  being  not  so  much  thickening  and  more  desquama- 
tion. Around  the  neck  somewhat  in  the  shape  of  a  turned-in  shirt  the  lesion  ap- 
pears with  patches  of  more  intense  involvement  here  and  there  along  its  course. 
Section  shows  the  fat  of  the  abdominal  wall  to  be  deeply  pigmented  and  yellow- 
ish. The  muscles  are  dry  and  pale.  There  is  no  gas  or  fluid  in  the  peritoneal 
cavity.  The  liver  is  five  finger-breadths  below  the  costal  margin  in  the  mam- 
mary line.  The  omentum  is  congested,  the  appendix  retrocecal  and  somewhat 
dilated.  Superficial  topography  of  the  abdomen  otherwise  negative.  Thorax : 
The  sternum  is  narrow;  the  bony  prominences  at  junction  of  the  costal  carti- 
lages and  ribs  somewhat  elevated.  The  sternum  is  very  rich  in  deep  red  mar- 
row. The  pleurae  are  free  from  adhesions  and  there  is  no  fluid.  The  heart  is 
dilated;  the  apex  is  two  inches  outside  the  mammary  line  at  the  sixth  inter- 
space. Small  amount  of  amber  fluid  in  the  pericardium.  Heart  negative  over 
outer  surface.  Left  ventricle  empty,  mitral  admits  two  fingers.  The  muscle 
of  the  left  ventricle  is  thinner  than  normal,  deep  brown  in  color  and  the  endo- 
cardium shows  well-marked  fatty  striations.  The  mitral  flaps  are  thickened  and 
somewhat  shortened  but  present  no  other  abnormal  appearances.  The  right 
ventricle  contains  a  postmortem  clot ;  the  wall  is  thin  and  similar  in  color  to  the 
left.  The  tricuspid  admits  four  fingers,  but  the  flaps  are  normal.  The  pul- 
monary artery  contains  a  postmortem  clot.  The  semilunars  of  the  pulmonary 
are  negative.  The  first  portion  of  the  aorta  shows  a  moderate  linear  sclerosis. 
The  semilunars  of  the  aorta  are  normal.  The  left  coronary^  is  very  markedly 
sclerosed,  showing  nodular  and  linear  thickenings  with  narrowing  of  the  lumen 
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throughout  its  extent.  The  systemic  aorta  presents  an  especially  marked  patch 
of  sclerosis  at  the  celiac  axis.  The  heart  weighs  175  grams.  The  right  lung 
weighs  325  grams,  crepitates  throughout,  is  moderately  anthracotic  and  dry  on 
section.  At  the  root  are  calcified  anthracotic  lymph  nodes  (healed  tubercles). 
The  left  lung  is  similar  to  the  right  but  is  more  anem.ic  ;  weighs  220  grams. 

Neck  Organs. — Pharynx  and  esophagus  normal.  Larynx  negative.  The 
trachea  presents  a  sero-mucous  exudate.  The  tongue  is  thickened,  dry,  reddened 
and  cuts  with  more  resistance  than  usual.  There  are  at  first  apparently  no  thy- 
roid lobes,  but  careful  dissection  reveals  two  fibrous  plates,  about  a  quarter  of 
an  inch  thick,  which  occupy  about  the  surface  area  of  the  normal  thyroid  and 
have  its  position.  Both  of  these  plates  taken  together,  upon  being  dissected  out 
weigh  ten  grams.  No  parathyroid  bodies  can  be  found  in  this  dense  mass  of 
connective  tissues. 

Liver. — \\'eight  1,550  grams.  The  surface  shows  an  irregular  yellowish 
motthng.  On  section  it  ofi^ers  increased  resistance  to  the  knife  and  has  a  dis- 
tinct fatty  shine.  Adrenals:  The  adrenals  show  marked  hypertrophy.  Their 
combined  weight  is  27  grams.  Kidneys:  The  left  kidney  weighs  135  grams, 
is  quite  soft  and  swollen,  dripping  blood  freely.  The  right  kidney  weighs  175 
grams  and  is  similar  to  the  left.  Gastro-intestinal  Tract:  The  gastric  mucosa 
is  congested  and  shows  some  small  erosions  and  petechial  hemorrhages.  The 
pyloric  region  is  normal.  The  duodenum  shows  no  lesions  beyond  congestion. 
The  small  and  large  intestine  show  no  lesions  except  that  there  is  marked  post- 
mortem dilatation  of  the  small  and  large  bowel  with  thinning  of  the  wall.  There 
is  a  large  area  of  ulceration  with  granulation  tissue  from  the  internal  sphincter 
to  the  anus.  Pelvic  Organs:  There  are  old  adhesions  between  the  sigmoid, 
uterus,  and  adnexa. 

Brain  and  Cord:  The  skull-cap  is  normal.  Xo  thickening  of  the  dura  is 
observed  and  the  sinuses  contain  only  a  little  postmortem  clot.  The  brain  pre- 
sents no  gross  changes;  there  is  no  apparent  thickening  of  the  ])ia  mater  and 
the  convolutions  are  normal.  The  base  of  the  brain  shows  no  abnormalities. 
(The  brain  was  put  in  formalin  and  further  section  done  about  two  weeks  later 
without  any  gross  changes  being  disclosed.)  The  cord  presents  no  gross 
changes. 

Microscopical  Findings. 

Adrenal. — Sections  of  the  adrenal  glands  were  fixed  in  furnialin  and  Zen- 
ker's fluid,  and  longitudinal  and  cross-sections  stained  in  liemotoxylin  and  eosin. 
The  relations  of  cortex  and  medulla  are  about  normal.  The  medulla  presents 
a  beginning  postmortem  digestion.  The  cortex  shows  normal  relations  ol  the 
glomerular,  fasicular.  and  reticular  zones.  There  is  perhaps  some  decrease  in 
the  prominence  of  llic  fatly  droplets  of  the  OTlical  cells.  The  medullary  zone 
is  remarkable  for  the  marked  dilatation  of  the  blood  sinuses  and  ui  the  small 
capillaries  (Plate  III.  h'ig.  7).  The  chromaffinic  cells  are  .somewhat  reduced  in 
number  and  there  is  a  very  moderate  filtrosis  of  the  medulla,  .\round  all  the 
large  vessels  and  also  scattered  diffusely  through  the  adrenal  medulla,  we  luid 
focalized  collections  of  lymphocytes  (Plate  III.  Figs.  8.  9.  10).  These  show  a 
dcfinitelv  infiltrative  rlmniir  inflammatory  reaction  with  a  few  plasma  cells  (Plate 
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Fig.   1. 

Thyroid,   showing  sclerosis   and   round-celled   in- 
filtration.    Area  of  adenomatous  gland  at  margin. 


Fig.   2. 

Thyroid,     high     power,     showing     round-celled 
infiltration. 


Fig.    3. 

Thyroid,   low   power,   showing   widespread   sclerosis   of  gland. 
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PLATE  II. 
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Fig.   4. 
Skin,   high   power,    showing   infiltration    and    sclerosis.      Margin   of   active   lesion. 


Fig.   5. 
Skin,   low   power,    center   of   old    lesion. 


Fig.   6. 
Skin,    old    lesion. 
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IV,  Figs.  11  and  12).  The  adrenal  presents  the  general  picture  of  moderate 
atrophy  of  the  medulla  with  practically  no  changes  in  the  cortex.  In  this 
atrophic  medulla  we  find  great  dilatation  of  the  blood-spaces  and  round-celled 
infiltration  focalized  especially  around  the  blood  vessels. 

Heart. — Sections  made  from  both  ventricles  show  moderate  hypertrophy  of 
individual  muscle  cells  with  a  subsequent  brown  atrophy  of  extreme  degree. 
There  is  irregularity  in  the  size  and  staining  properties  of  the  nuclei.  The  heart 
muscle  is  engorged  with  blood  and  all  the  small  capillaries  are  dilated.  One 
area  of  myocardium  has  undergone  anemic  infarction  (Plate  VI,  Fig.  18).  The 
cells  are  dead  but  there  is  no  connective  tissue  reaction  as  yet.  This  is  to  be 
interpreted  as  a  recent  event  due  to  the  very  advanced  sclerosis  found  in  the 
left  coronary  artery.  The  endocardium  is  moderately  but  diffusely  thickened 
throughout.  This  thickening  consists  merely  in  the  laying  down  of  connective 
tissue,  probably  representing  a  senile  or  nutritional  change ;  there  is  no  round- 
celled  hifiltration  or  other  sign  of  active  endocarditis.  The  most  striking  change 
found  in  the  heart  is  the  extreme  degree  of  brown  atrophy,  a  condition  which 
has  been  noted  before  by  Lombroso  and  others.  Sections  of  the  blood-vessels 
show  throughout  a  more  or  less  marked  degree  of  sclerosis.  It  is  interesting 
that  the  sclerotic  changes  in  the  left  coronary  artery  (Plate  VI,  Fig.  19)  far  out- 
strip those  of  any  other  vessel.  The  sclerotic  changes  of  the  aorta  consist  of  a 
moderate  diffuse  fatty  change  beneath  the  intima,  with  an  occasional  erosion 
of  the  surface.  There  is  very  slight  connective  tissue  reaction.  The  elastic  mem- 
branes of  the  aorta  do  not  seem  to  be  greatly  reduced  in  number.  The  diffuse 
bluish  cast  of  the  whole  media  would  suggest  an  early  stage  of  calcification  with- 
out any  definite  areas  being  present.  No  round-celled  infiltration  appears,  either 
in  the  media  or  in  the  vascular  areas  of  the  adventitia.  The  sclerosis  of  the 
coronary  has  gone  on  to  an  advanced  stage.  There  is  extensive  calcification  of 
the  media  with  large  calcified  plaques  extending  for  some  distance  along  the 
wall  of  the  vessel.  Both  the  left  coronary  and  its  branches  are  extensively  cal- 
cified. 

Thyroid. — The  changes  in  the  thyroid  are  more  striking  than  those  of  any 
other  organ  of  the  body.  There  is  practically  no  thyroid  tissue  present  that 
might  be  considered  in  any  sense  normal.  The  gland  consists  of  a  mass  of  new 
and  old  connective  tissue  (Plate  I.  Figs.  1,  2,  3)  infiltrated  with  round-cells, 
through  which,  interspersed  here  and  there  are  islands  of  thyroid  tissue  either 
being  destroyed  by  the  pressure  of  the  surrounding  connective  tissue,  or  pro- 
liferating and  adenomatous  acini  in  small  encapsulated  areas  like  those  found 
in  old  degenerating  goitres.  These  follicles  contain  no  colloid  but  are  gland 
acini  with  columnar  or  high  cubical  epithelium;  only  very  rarely  is  seen  an 
atrophic  follicle  with  a  small  mass  of  shriveled  colloid.  There  is  one  area  of 
this  adenomatous  tissue  slightly  larger  than  the  rest  and  well  encapsulated.  The 
amount  of  glandular  tissue  as  a  whole  is  extremely  small.  The  picture  presented 
by  this  thyroid  is  unique  in  that  it  is  a  true  chronic  interstitial  productive  thy- 
roiditis. There  is  marked  increase  of  connective  tissue,  old  connective  tissue 
showing  hyaline  change,  and  areas  of  young  connective  tissue  around  areas  of 
extreme  round-celled  infiltration.  This  inflammatory  reaction  has  gone  to  the 
point  of  alnidst  total  glandular  destruction,  so  that  only  small  islands  of  gland- 
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Fig.    7. 

Adrenal,    low    power,    showing    dilated    blood 
spaces    and    fibrosis    of    medulla. 


I'ig.    8. 


Adrenal,    infiltration    in   medulla    with    fibrosis. 


Fig.   9. 

Adrenal,    high    power,    showing    infiltration    in 

medulla. 


Fig.    10. 

.\drcnal,    clironiaffiiiic    tissue    associated     witi) 
rouiul-cellcd   infiltration   in   the   medulla. 
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ular  tissue  are  left,  and  they,  probably  in  an  effort  to  compensate  for  the  em- 
barrassed glandular  function,  have  taken  on  abnormal  appearances.  No  thy- 
roid ever  examined  by  the  writer  has  ever  presented  this  picture.  It  is  not  the 
picture  of  any  of  the  well  recognized  types  of  thyroid  disease.  The  round-celled 
infiltration  consists  almost  entirely  of  lymphocytes  but  plasma  cells  are  occa- 
sionally found.  The  picture  suggests  not  so  much  an  infective  process  as 
the  reaction  to  some  chronic  intoxication  with  gradual  destruction  of  the  gland 
by  the  inflammatorv  reaction,  inasmuch  as  the  usual  picture  of  an  infective  type 
of  inflammation  is  absent,  and  we  get  rather  the  idea  of  a  diffuse  sclerosis  due 
to  some  diffused  chemical  irritant,  than  of  infection  w  ith  its  focalized  manifesta- 
tions in  the  organ.  The  picture  reminds  one  of  an  old  sclerotic  kidney  except 
that  the  process  is  more  active  as  is  evidenced  by  the  round-celled  infiltration. 

Hypophysis. — The  hypophysis  as  a  whole  is  larger  than  normal.  Sagittal 
sections  of  the  hypophysis  were  fixed  in  formalin  and  in  Zenker's  fluid,  and 
stained  in  hemotoxylin.  Microscopical  examination  reveals  nothing  of  interest, 
except  perhaps  some  increase  of  the  colloid  follicles  of  the  pars  intermedia. 
The  pars  anterior  shows  the  normal  basophilic  cells  in  the  normal  proportion. 
The  large  blood  sinuses  are  engorged  with  blood.  There  is  no  round-celled 
infiltration.  The  capsule  is  not  thickened,  and  there  is  no  adenomatous  h3^per- 
plasia  of  the  cellular  portion.  The  pars  nervosa  is  about  normal  in  extent  and 
presents  no  abnormalities  of  structure. 

Gastrointestinal  Tract. — The  stomach  presents  no  striking  abnormality. 
There  is  a  disappearance  of  the  acidophilic  cells  and  prominence  of  the  mucous 
forming  acini.  The  muscularis  shows  no  marked  atrophy.  There  is  a  mod- 
erate congestion  of  all  the  coats.  The  lymph  follicles  are  normal  in  size  and 
number.  There  is  no  erosion  of  the  surface,  no  ulceration  and  no  round-celled 
infiltration,  in  the  sections  examined.  Except  for  the  marked  disappearance  of 
the  acidophilic  cells,  the  stomach  must  be  considered  normal.  Passing  into  the 
duodenum  we  find  the  thickness  of  the  wall  fairly  normal.  There  is  marked 
congestion,  especially  of  the  vessels  of  the  villi.  The  epithelium  of  the  villi  is 
all  gone  (postmortem  change)  and  the  villi  appear  more  fibroid  than  normal. 
There  is  no  evident  atrophy  of  the  muscularis  and  no  round-celled  infiltration 
anywhere  in  the  duodenal  portion  of  the  intestine.  Brunner's  glands  are  nor- 
mal in  appearance.  Farther  down  the  small  intestine  the  same  conditions  are 
noticed ;  the  villi  are  hypertrophic,  fibroid  and  congested  and  totally  eroded  of 
epithelium,  except  for  the  bases  of  the  crypts.  There  is  no  marked  atrophy  of 
the  muscularis  as  is  described  by  most  writers  and  the  brown  pigmentation  is 
much  less  prominent  than  some  reporters  have  found.  The  lymphoid  apparatus 
of  the  intestine  is  rather  atrophic.  Contrary  to  the  findings  of  some  other  ob- 
servers, the  Peyer's  patches  are  atrophic  and  possess  few  germ  centers.  No 
ulcerations  were  found  anywhere  m  the  intestinal  tract,  except  at  the  anus.  The 
large  bowel  presents  the  same  changes  as  the  other  portions  of  the  intestinal 
tract  (Plate  VI,  Fig.  20),  except  that  there  is  more  extreme  stasis  here  than  in 
any  other  portion  of  the  gut.  The  fibroid  change  of  the  mucosa  is  also  some- 
what more  marked.  There  is  the  same  erosion  of  epithelium.  No  definite 
atrophy  of  the  muscularis  can  be  made  out.  The  lymph  tissue  is  also  somewhat 
atrophic.     There  is  increased  mucous  formation  and  cystic  change  in  portions 
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Fig.   11. 

Adrenal,    high    power,    perivascular    infiltration 

around    a    capillarj-. 


Fig.   12. 
Adrenal,    diffuse   infiltration   of  medulla. 
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Fig.   13. 
Rectum,   ulceration  and   infiltration. 


Tongue, 


Fig.    14. 
activf,     suliacuto     and     chronic    glossitis. 
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of  the  mucosa  of  the  large  bowel.  Throughout  the  gastro-intcstinal  tract  the 
nerves  present  a  rather  striking  appearance.  The  cells  of  the  endoneurium  ap- 
pear swollen  and  more  bluish  than  normal.  They  are  enlarged  and  oat-seed 
shaped  as  though  they  were  edematous.  The  nerve  fibers  are  unusually  promi- 
nent. Whether  this  is  due  to  the  swelling  of  the  fibers  or  to  a  possible  atrophy 
of  the  muscularis  might  be  debated.  The  writer  does  not  believe  that  the  nius- 
cularis  is  especially  atrophic. 

Near  the  anus  is  a  rather  large  area  of  ulceration  which  microscopically 
presents  an  active  infiltrative  inflammatory'  picture  (Plate  IV,  Fig.  13).  The 
mucosa  is  eroded,  the  epithelium  being  replaced  by  granulation  tissue  actively 
infiltrated  by  round  cells,  which  extend  down  to  the  deeper  layers  of  the  mus- 
cularis. There  is  here,  then,  a  deeply  destructive  ulcerative  process  of  the  anus. 
There  is  not  the  marked  atrophy  of  the  muscularis  in  this  case  that  most  writers 
describe  although  the  gross  impression  of  muscular  thinning  was  much  greater 
than  the  microscopical  appearances  warranted. 

Tongue. — The  tongue  (Plate  IV,  Fig.  14)  presents  a  very  striking  appear- 
ance. There  is  marked  atrophy  of  the  epithelium  with  fraying  out  of  the  upper 
layers  of  the  epithelium  suggesting  an  aiypical  horny  layer.  The  subepithelial 
tissues  present  a  picture  of  extreme  congestion  and  intense  round-celled  infiltra- 
tion; a  marked  subacute  but  active  glossitis. 

Pancreas. — The  pancreas  presents  no  abnormal  appearances  either  of  the 
acini,  ducts,  islands  or  Langerhans,  connective  tissue,  or  blood-vessels. 

Liver. — The  liver  shows  chronic  passive  congestion  with  dilatation  of  the 
capillaries  and  corresponding  atrophy  of  all  the  liver  cells. 

This  picture  is  rather  interesting,  in  that  the  blood  is  not  collected  espe- 
cially around  the  central  vein  with  atrophy  and  necrosis  of  the  central  cells  as 
is  usually  the  case,  but  the  engorgement  is  universal  throughout  the  liver,  and 
the  atrophy  is  diffuse  and  uniform  throughout  the  lobule.  This  suggests  a  pri- 
mary liver  atrophy  rather  than  one  due  to  chronic  passive  congestion.  Occa- 
sionally we  come  upon  small  focalized  areas  of  round-celled  infiltration,  includ- 
ing plasma  cells  and  occasional  eosinophils  not  in  association  with  the  islands 
of  Glisson,  but  rather  with  the  central  or  sublobular  veins.  Contrary  to  the 
impression  obtained  from  gross  inspection,  no  fat  is  found.  The  individual 
liver  cells  are  swollen  and  edematous. 

The  striped  muscle  presents  postmortem  coagulation  changes  resembling 
Zenker's  necrosis. 

Genitourinary  tract. — The  cervix  shows  old  ectropion  and  partially  healed  ero- 
sion, with  chronic  endocervicitis.  Large  cystic  glands  containing  a  large  amount 
of  mucous  are  present.  Just  inside  the  external  os  there  is  an  area  of  polypoid 
granulation  tissue  extending  down  to  the  mouths  of  the  glands  and  forming 
polypi  on  the  surface. 

The  bladder  mucosa  is  normal,  except  that  one  section  shows  a  small  area 
of  round-celled  infiltration  around  one  of  the  vessels,  and  a  very  small  area 
of  round-celled  infiltration  in  the  mucosa  in  one  place. 

Tlie  kidney  shows  marked  atrophy.  There  are  many  more  glomeruli  in  a 
field  than  normal.  There  is  no  increase  of  connective  tissue,  either  diffusely  or 
around  the  vessels,  and  no  vascular  sclerosis.     The  tubules  show  no  changes  and 
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PLATE  V. 
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Fig.   15. 
Posterior   spinal    ganglion,   low    power,    showing   degeneration. 


Fig.    16. 
Calcified    myelin    droplets    (?)    in    spinal    cord. 


Fig.    1/". 

Cells    of    spinal     ganglion,     sliowing    degeneration 
of  individual   cells. 
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there  is  no  round-celled  infiltration.  The  only  lesion  presented  by  the  kidney 
is  one  of  extreme  atrophy  coupled  with  edema  and  congestion.  The  nephritic 
changes  so  commonly  observed  are  lacking. 

The  ovary  is  atrophic.  There  is  no  general  incrca>e  in  connective  tissue 
although  there  are  a  large  number  of  corpora  albicantia.  The  ovary  is  marked- 
ly congested.  No  active  Graafian  follicles  are  found.  Both  ovaries  are  the  same 
size  and  neither  is  cystic.  The  tubes  arc  normal,  except  for  dilated  varicose 
veins  on  their  peritoneal  surface.  The  viterine  endometrium  shows  an  extreme 
grade  of  atrophy  although  the  vessels  show  less  sclerosis  than  is  usual  with 
this  extreme  grade  of  atrophy  of  the  endometrium. 

Lung. — The  lung  shows  moderate  atrophy  and  anthracosis.  There  is  an 
area  of  perivascular  round-celled  infiltration  in  the  neighborhood  of  a  large 
bronchus,  near  a  small  island  of  cartilage. 

Central  Nervous  System. — The  posterior  root  ganglia  (Plate  V,  Figs.  15,  16, 
17)  present  marked  degeneration  of  individual  cells,  with  marked  shrinking  and 
nuclear  degeneration.  There  is  striking  brownish  pigmentation  of  the  ganglion 
cells  as  described  by  Lombroso  and  others.  The  spinal  cord  shows  no  sclerosis 
of  any  one  particular  tract  but  there  is  a  general  thinning  of  the  myelin  sheaths 
and  numerous  dark  blue  staining  bodies  (hematoxylin)  from  20  to  50  microns 
in  diameter  distributed  along  the  subpial  region  of  the  posterior  columns  and 
along  the  intramedullary  portion  of  the  posterior  roots.  The  writer  believes  that 
many  of  the  appearances  described  as  degenerations  of  nerve  cells  are  post- 
mortem changes  and  does  not  feel  capable  of  reporting  upon  the  nerve  cell 
changes  found  in  this  case  until  he  has  had  opportunity  for  further  study  and 
comparison.  These  bluish  bodies  have  been  observed  in  many  pathological  con- 
ditions, and  may  also  be  postmortem  changes.  A  more  complete  report  on  the 
histopatholog}'  of  the  nervous  system  in  this  case  will  be  made  in  the  near  future. 

Skin. — The  skin  presents  several  important  clianges.  There  is  marked  hy- 
perkeratinization  of  the  epidermis  everywhere  (Plate  II).  The  stratum  Mal- 
pighii  is  markedly  atrophic  and  in  places  the  rete  has  dipped  down  deeply  into 
the  coriuni  (Plate  II,  Fig.  6).  The  corium  shows  dilated  fibroid  vessels  and  in- 
creased amount  of  fibrous  tissue  with  decrease  in  elastic  tissue.  The  hair  fol- 
licles are  atrophic  and  deformed  and  are  surrounded  by  rather  thick  sheaths  of 
hyalin  connective  tissue  (Plate  II,  Fig.  4).  The  sebaceous  glands  are  almost 
absent  and  only  fibroid  remnants  of  them  are  to  be  found  around  the  base  of 
the  hair  follicles.  The  sweat  glands  are  fairly  normal,  perhaps  show  a  slight 
fibrosis.  Here  and  there  we  find  throughout  the  stratum  corium  areas  of  round- 
celled  infiltration  (Plate  II,  Fig.  4),  usually  perivascular  but  not  always.  This 
Gurd  interprets  as  a  healing  reaction  to  the  injury  caused  by  light  on  the  sensi- 
tized skin. 

Spleen. — There  is  the  usual  picture  of  atrophy.  The  sinuses  are  engorged 
with  blood.  No  evidence  of  increased  blood  destruction  as  reported  by  some 
observers  is  seen,  either  as  evidenced  by  phagocytosis  of  red  cells  or  increased 
pigmentation. 

Bone-marrow. — The  red  marrow  is  increased  in  quantity  and  very  active 
throughout  all  the  bones.  Microscopically  the  sections  of  the  marrow  are  nor- 
mal except  for  a  general  hyperplasia  as  is  seen  in  any  moderately  severe  anemia. 
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PLATE  VI. 


Fig.   18. 
Anemic   infarct  of  heart. 
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Fig.   19. 
Sclerosis    of    coronary. 


Fig.   20 


Large 


.e  intestine,   showing  postmortem  change  and  cystic  degeneration  of  a  gland. 
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Summary  of  Postmortem  Findings. 

Simple  or  brown  atrophy  of  the  heart,  liver,  spleen,  lungs,  intestinal  mus- 
cles (?)  and  kidneys. 

Degenerations  and  brownish  pigmentation  of  the  posterior  root  ganglia  (and 
other  groups  of  nerve  cells). 

Active  ulcerative  proctitis  and  chronic  glossitis  of  marked  degree. 

Hyperkeratosis  and  sclerosis  of  the  skin  with  areas  of  round-celled  infiltra- 
tion. 

Hitherto  undescnbed  changes  of  'nllanr-iaiory  nature  in  the  thyroid  and 
adrenal.  The  lesion  in  the  tiiyroid  being  a  marked  example  of  chronic  produc- 
tive interstitial  thyroiditis  with  compensatory  reaction  on  the  part  of  the  thy- 
roid follicles. 

Small  areas  of  round-celled  infiltration  in  the  thyroid,  adrenal,  liver,  lung, 
bladder,  tongue,  rectum  and  skin. 

Reviewing  the  findings  in  this  case  we  find  iliat  the  usual  lesions  observed 
in  pellagra  have  been  found  here  with  the  addition  of  striking  changes  observed 
in  the  thyroid  and  adrenals. 

As  far  as  the  writer  is  able  to  determine,  no  such  changes  have  been  found 
in  pellagrins.  These  changes  in  themselves  would  not  be  especially  important 
if  it  could  be  found  that  careful  microscopical  examination  of  these  organs  had 
been  frequently  made  in  pellagrous  individuals.  The  lesions  take  on  added  sig- 
nificance when  we  review  the  symptoms  and  signs  of  the  disease.  Even  from 
our  as  yet  incomplete  and  vague  knowledge  of  the  functions  and  relations  of 
the  ductless  glands,  we  do  not  find  it  hard  to  reason  on  the  basis  of  observed 
facts  in  other  conditions,  that  such  a  syndrome  as  mental  disturbance,  cutaneous 
sensitization  to  injury  by  light  or  other  injury,  and  gastrointestinal  disturbance, 
might  very  well  be  secondary  to  functional  disturbance  in  the  thyroid  and  ad- 
renal. Whether  or  not  other  autopsies  made  on  the  bodies  of  pellagrins  will 
show  these  findings  to  be  of  constant  occurrence  or  merely  concomitant  acci- 
dents due  to  some  other  primary  cause,  is  a  matter  for  further  experience  to  de- 
cide. 

There  have  been  clinical  reports  of  cases  of  pellagra  in  which  the  symp- 
toms and  signs  suggested  disease  of  the  thyroid,  adrenal,  or  parathyroid.  Bee- 
son  reports  a  case  giving  evidence  of  thyroid  disease,  the  signs  of  which  were 
worse  during  the  attacks  of  pellagra.  Bertelli  has  recorded  a  case  showing  an 
Addisonian  syndrome  judging  from  the  title  of  the  paper,  the  original  not  be- 
ing available  to  the  writer.  Paravicini  has  recorded  a  case  of  paralysis  agitans 
associated  with  pellagra.  This  communication  is  also  not  available  to  me  and 
has  been  read  by  title  only. 

An  interesting  finding  recorded  by  several  writers  but  especially  reported 
Lately  by  Hillman  and  Schulle  is  the  lymphocytosis.  This  finding  becomes  doubly 
interesting  in  view  of  the  thyroid  changes  found  in  this  instance,  since  the  oc- 
currence of  lymphocytosis  in  hyperthyroidism  is  well  known. 

The  present  case  of  course  throws  no  direct  light  upon  the  question  of 
whether  pellagra  is  an  infection  of  some  form  of  toxic  disturbance. 

The  impression  which  one  gets  from  a  careful  perusal  of  the  previous  writ- 
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ings  on  the  pathology  of  pellagra  is  that  it  requires  quite  a  stretch  of  the  imagi- 
nation to  reconcile  the  findings  with  an  infectious  disease.  On  the  other  hand, 
when  we  remember  the  psychoses  of  toxic  origin,  the  gastrointestinal  disturb- 
ances of  toxic  origin  (either  from  vagus  neuritis  or  from  an  effort  on  the  part 
of  the  gastrointestinal  tract  to  excrete  the  poison)  and  the  toxic  dermatoses,  we 
find  no  a  priori  difficulty  in  reconciling  the  disease  complex  which  we  call  pellagra 
with  a  toxic  cause.  In  the  light  of  tlie  present  findings  we  could  imagine  that 
this  toxic  state  primarily  injured  the  thyroid  and  adrenal  and  that  some  of  the 
signs  and  symptoms  of  the  disease  as  we  know  it  are  the  secondary  results  of 
deranged  gland  function.  It  remains  of  course  for  further  study  to  determine 
these  points.  One  thing  seems  to  the  writer  to  be  significant;  namely,  that  the 
changes  found  in  the  thyroid  and  adrenal  are  unvisual  ones,  thus  lending  sup- 
port to  the  tendency  to  consider  them  of  importance  in  the  production  of  the 
clinical  state  presented  by  the  patient. 

I  believe  that  the  nervous  lesions  hitherto  described  and  partially  confirmed 
by  my  findings  are  wholly  of  toxic  or  nutritional  origin.  Many  of  the  lesions 
to  which  much  space  has  been  given  are  surely  postmortem  changes  and  other 
artefacts,  along  with  secondary  changes  which  are  common  in  man}^  other  con- 
ditions. The  writer  believes  that  reports  of  degenerations  based  upon  the  ap- 
pearance of  granules  and  other  slight  changes  in  nerve-cells  have  to  be  inter- 
preted with  extreme  caution,  inasmuch  as  so  much  depends  upon  the  functional 
state  of  the  cells  at  the  time  of  death,  postmortem  change,  fixative,  method  of 
preparation,  etc.  One  of  the  safest  criteria  for  the  establishment  of  the  fact 
of  nerve  cell  degeneration  is  fat,  none  of  which  was  demonstrable  in  my  case. 
The  nervous  findings  are  being  worked  up  separately  v>'ith  these  ideas  in  m-nd. 
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THE  ANTAGONISTIC  ACTION  OF  THE  VAGUS   AND  SYMPATHETIC 

DIVISIONS  OF  THE  AUTONOMIC  NERVOUS  SYSTEM 

IN  PULMONARY  TUBERCULOSIS. 


Bv  Francis  M.  Pottenger,  M.D.,  Monrovia,  Cal. 


FOR  a  number  of  years  I  liave  interested  myself  in  the  study  of  reflex  ac- 
tion as  it  affects  the  individual  sufifering  from  inflammation  of  the  pul- 
monary parenchyma,  particularly  tuberculosis.  This  study  has  been  difficult  be- 
cause of  the  fact  that  its  very  foundation  is  enveloped  in  mystery.  In  offering 
an  explanation  of  the  various  phenomena  noted,  we  are  compelled  to  reason 
from  effect  to  cause  in  a  great  many  in>tances.  because  physiolog}'  has  not  yet 
made  the  paths  of  all  the  reflexes  clear. 

This  study  lies  largely  within  the  field  of  the  autonomic  nervous  system,  a 
field  which  is  particularly  characterized  by  our  lack  of  knowledge,  but  one 
which  offers  great  encouragement  for  future  investigations. 

The  tuberculous  patient  cannot  be  understood  clinically  if  we  look  upon 
him  only  as  one  afflicted  with  an  infection  of  the  pulmonary  parenchyma,  no 
matter  how  small  the  lesion.  We  must  endeavor  to  know  how  the  inflammation 
in  the  lung  affects  other  organs  which  are  supplied  by  the  same  system  of  nerves 
or  which  stand  in  such  a  relationship  that  they  may  be  influenced  reflexly;  and 
we  must  study  him  as  a  human  being  suffering  from  a  chronic  disease  which 
produces  a  chronic  toxemia  and  one  which  is  accompanied  by  a  varied  emo- 
tional state,  both  of  which  conditions  exert  a  powerful  influence  upon  the  sym- 
pathetic nervous  system.  Realizing  fully  the  difficulty  of  the  task  before  me  I 
shall  endeavor  to  suggest  some  of  the  symptoms  and  conditions  which  arise 
from  the  irritation  of  the  two  great  divisions  of  the  autonomic  system,  the  vagus 
and  the  sympathetic,  and  show  the  antagonistic  action  which  is  constantly  go- 
ing on. 

I  have  been  greatly  stimulated  in  this  study  by  the  splendid  work  of  Ep- 
pinger  and  Hesz  on  Vagotonia  ("Die  Vagotonic,"  Sammlung.  Klinischer  Ab- 
handlungen,  von  Noorden.  Heft  9  u.  10.  1910)  which  has  recently  come  into 
my  hands,  and  those  valuable  and  suggestive  monographs  by  Cannon  ("Bodily 
Changes  in  Pain,  Hunger,  Fear  and  Rage,"  Appleton,  1915)  on  the  effect  of 
emotions  upon  the  human  organism,  and  the  studies  of  Beidl  ("Innere  Sekre- 
tion,"   Urban   and    Schwartzenberg,    W'ien,    1910)    on   the   internal   secretions. 

The  autonomic  nervous  system  supplies  impulses  to  structures  which  are 
not  controlled  by  the  will.  These  are  the  organs  which  are  supplied  by  smooth 
muscles,  such  as  the  stomach,  intestines,  blood  vessels,  ducts  of  glands,  skin 
and  secreting  glands ;  also  certain  organs  possessing  striated  muscle  fibres,  such 
as  the  heart,  the  beginning  and  terminal  portions  of  the  alimentary  canal,  and 
the  generative  organs. 

This  .system  is  characterized  by  the  fact  that  under  no  circumstances  do 
organs  or  parts  receive  innervation  directly  from  a  neuron  whose  cell  bodies 
lie  in  the  brain  or  spinal  cord.  Ganglia  are  interposed  between  the  nerve  cells 
in   the  central   nervous   system   and  the   part   innervated   which   act   most   prob- 
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ably  by  modifying  impulses.  In  these  ganglia  are  cell  bodies  belonging  to  neu- 
rons which  have  postganglionic  fibres  which  go  to  supply  the  viscera. 

The  cerebrospinal  nervous  system,  on  the  other  hand,  is  controlled  by  the 
will.  Its  action  is  quick  and  definite.  There  are  no  ganglia  interposed  along 
the  path  of  the  nerve  to  modify  the  impulses  which  originate  in  the  brain,  but 
they  are  carried  directly  from  cell  bodies  in  the  brain  and  cord  to  the  muscles 
involved,  and  immediate  action  results. 

The  autonomic  system  consists  of  three  divisions,  the  cranial,  the  thoracico- 
lumbar  or  sympathetic,  and  the  sacral,  as  shown  in  Fig.  1  taken  from  Cannon. 
No  connecting  neurons  for  the  autonomic  system  are  given  off  from  those  por- 
tions of  the  cord  which  send  out  nerves  to  the  fore  and  hind  limbs. 

Some  writers  divide  the  autonomic  system  into  two  divisions,  and  classify 
the  cranial,  bulbar  and  sacral  divisions  together  as  the  vagus  system,  and  the 
thoracic  and  upper  lumbar  as  the  sympathetic  system. 

The  fibres  of  the  sympathetic  all  pass  through  the  ganglionated  cord,  while 
those  which  come  from  the  cranial,  bulbar  and  sacral  portions  of  the  cord  do 
not. 

The  cranial  fibres  pass  for  the  most  part  within  the  trunk  of  the  nervus 
oculomotorius  (III  cranial),  are  interrupted  in  the  ciliary  ganglion,  whence  they 
furnish  constrictor  impulses  to  the  sphincter  of  the  iris. 

The  bulbar  portion  passes  through  the  nervus  facialis  (VII  cranial)  and 
nervus  glossopharyngeus  (IX  cranial)  to  the  salivary  glands  and  blood  vessels 
of  the  mouth.  Stimulation  causes  increased  salivary  flow  in  the  one  case  and 
constriction  of  the  vessels  of  the  mouth  in  the  other. 

The  miost  important  branch  of  the  autonomic  coming  from  the  bulbar  por- 
tion of  the  cord  is  the  nervus  vagus  (X  cranial)  which  is  the  chief  source  of 
nerve  supply  for  the  internal  viscera.  It  supplies  the  heart,  bronchial  tree,  esoph- 
agus, stomach,  intestines,  pancreas,  and  liver. 

The  sacral  branch  is  the  nervus  pelvicus.  It  innervates  tlie  descending 
colon,  sigmoid,  anus,  bladder  and  generative  organs. 

The  sympathetic  fibres  pass  from  the  spinal  canal  in  the  thoracic  and  upper 
lumbar  regions.  They  pass  out  and  form  the  ganglionated  cord  and  from  this 
are  widely  distributed  throughout  the  entire  body.  Many  structures  are  in- 
nervated by  both  the  vagus  and  the  sympathetic  systems,  and  wherever  this 
double  innervation  is  found,  the  action  of  the  two  is  antagonistic ;  as  in  the  eye, 
where  the  vagus  contracts  the  pupil,  the  sympathetic  dilates  it;  or  in  the  heart — 
where  the  vagus  slows,  the  sympathetic  accelerates. 

The  cranial  and  sacral  divisions  of  the  autonomic  system  have  a  more  di- 
rect action  than  the  sympathetic  because  the  fibres  coming  from  the  cranial  and 
sacral  divisions  run  more  directly  to  the  organs  innervated  tlian  do  ihose  of 
the  sympathetic.  Thus,  the  fibres  of  the  vagus  supplying  the  lieart  and  gastro- 
intestinal tract  do  not  enter  ganglia  until  tlicy  reacli  the  substance  of  the  or- 
gans, while  the  sympathetic  fibres  pass  through  several  ganglia  each  of  which 
complicates  and  modifies  their  action.  Consequently,  stimulation  of  the  cranial, 
bulbar,  and  sacral  fibres  of  the  autonomic  system  may  cause  a  resultant  action 
in  some  individual  organ,  while  stimulation  of  the  sympathetic  fibres  causes  a 
widespread  effect  involving  several  or  many  organs.     This  aftords  us  a  physio- 
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logical   explanation   for   the   general   widespread  character    of    sympathetic    im- 
pulses. 

The  following  table  shows  the  antagonistic  action  between   the  vagus  and 

sympathetic   systems  in  the  principal  structures  concerned   in  our   study: 


Action  of  the 
Sympathetics   When 
Stimulated. 


I-II  thoracic 


I-III  thoracic 


II-IV  thoracic    . .  . . 
II-IV  thoracic    .... 

*II  Th.-IV  L 

I-IV  lumbar   

II    Th.-IV    L 

IV-VII  Th 

T-V    Th 

II-IV  Th 

II  Th.-IV  L 

II  Th.-IV  L 

II  Th.-IV  L 

II  Th.-IV  L 

II  Th.-IV  L 

II  Th.-IV  L 

I-IV   L 

I-IV   L 

II  Th.-IV  L 


dilates  pupil 
contracts  pupil 


stimulates   orbital   muscle 
stimulates    m.    ciliaris    . .  . 


inhibits  salivary  secretion 
stimulates   salivary   secretion. 


contracts  vessels  of  skin  of  head 
and  vessels  of  brain 

dilates  vessels   of  brain 

contracts  vessels  of  cheek 


contracts  intestinal  vessels 
contracts  genital  vessels 
dilates    genital    vessels 


stimulates  sweat  glands 
stimulates  hair  muscles  of  face 
and  head 

accelerates  heart  contractions 
slows  heart  contractions 


relaxes  oesophagus 
contracts    oesophagus 

relaxes  cardia 
contracts  cardia  


diminishes  gastric  tonus 
increases  gastric  tonus.. 


inhibits  gastric  peristalsis 
increases   gastric   peristalsis. 

diminishes  gastric  secretion 
increases  gastric  secretion  .  . 


inhibits  motility  of  small   intestine 
stimulates  motility  of  small  intestine, 

inhibits    (?)    pancreas   secretion 
stimulates  pancreas  secretion 


relaxes  contraction  of  colon 
stimulates  contraction  of  colon. 

relaxes   sphincter  ani 

stimulates  sphincter  ani 

stimulates  liver  secretion   


Action  of  the 
AuTONo.Mic   When 
Stimulated. 


contracts  and  dilates  vessels  of 
upper  and  lower  extremities. 


Ill  N. 


Ill  N. 


Chorda  tympani 


X  N. 
IX   N. 


N.  pelvicus 


N. 

X 

N. 

X 

N. 

X 

N. 

X 

N. 

X 

N. 

X 

N. 

X 

N. 

X 

N. 

pelvicus 

N. 

N. 

pelvicus 
X 

*Th. — thoracic.       L,.      Lumbar. 
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The  vagus  system  takes  part  in  many  reflex  acts.  The  sympathetic  also  car- 
ries afferent  impulses,  when  its  end  fibres  in  any  organ  are  irritated,  which  re- 
sult in  reflex  action;  and,  besides,  the  system  as  a  whole,  is  influenced  greatly 
by  toxic  conditions  and  by  emotional  states  such  as  fear,  anxiety,  discourage- 
ment and  disappointment. 

In  pulmonary  tuberculosis  it  can  readily  be  seen  that  we  have  a  most  com- 
plex study.  There  is  primarily  an  inflammation  of  tissue  which  irritates  fila- 
ments belonging  to  one  of  the  chief  branches  of  the  vagus  system.  Resulting 
from  this,  afferent  impulses  are  sent  to  the  cell  bodies  in  the  central  nervous 
system  and  are  there  transmitted  to  other  cells  and  through  them  to  fibres  which 
pass  out  through  other  branches  of  the  vagus  system  to  produce  increased  vagus 
tone  in  the  fibres  affected.  This  increased  vagus  tone  may  be  distributed  more 
or  less  generally  through  the  different  branches  of  the  vagus  system  or  it  may 
be  selective  in  that  it  aff'ects  certain  branches,  more  than  others. 

Along  with  the  vagus  stimulation  resulting  in  increase  in  vagus  tonus,  there 
is  a  stimulation  of  the  sympathetics,  which  results  in  a  reflex  increase  in  sym- 
pathetic tonus  in  practically  the  same  organs.  Whether  sympathetic  or  vagus 
tonus  shall  predominate  depends  on  the  conditions  present.  Cannon  has  demon- 
strated the  effect  of  fear,  rage  and  pain  on  the  organism.  In  tuberculosis  we 
have  a  central  stimulation  of  sympathetics  by  the  toxins  and  an  exaggerated  emo- 
tional state,  as  a  result  of  the  disease  which  also  acts  as  a  stimulant  upon  the 
sympathetics.  Allied  to  fear  and  rage  are  malaise  and  depressive  nervous  states 
which  accompany  the  tuberculous  toxemia  and  which,  acting  through  the  sym- 
pathetics, have  a  general  antagonistic  action  to  vagus  impulses  wherever  met. 

In  this  connection  it  is  interesting  to  note  how  closely  the  emotional  states 
and  toxemias  (in  this  case  tuberculous  toxemia)  are  allied  in  their  symptom- 
atology and  end  effects.  The  individual  in  a  state  of  great  emotion,  shows  dil- 
atation of  the  pupil,  pallor,  feels  his  hairs  rise  on  end,  suft'ers  from  dryness  of 
the  mouth,  rapid  pulse,  a  stoppage  of  digestion  and  other  similar  symptoms 
which  are  characteristic  of  sympathetic  irritation.  The  toxemia  which  accom- 
panies tuberculosis,  the  same  as  all  other  toxemias,  produces  general  sympathetic 
stimulation.  The  nervous  condition  resulting  is  characterized  by  malaise,  anxiety, 
discouragement,  fear  and  general  depression;  and  these,  in  turn,  cause  the  same 
chain  of  symptoms,  only  not  so  pronounced,  as  a  rule,  as  those  which  follow  vio- 
lent emotion.  Such  patients,  however,  during  the  periods  of  marked  toxemia,  suf- 
fer from  pallor,  rapid  pulse,  dry  mouth,  coated  tongue,  disturbed  appetite,  slowness 
of  digestion  and  stasis  of  intestinal  contents.  During  slight  toxemia  these  symp- 
toms may  not  be  noticed  or  they  may  be  very  slight  in  character.  The  symptom- 
complex  of  toxemia  is  an  expression  of  general  discharge  through  the  sympathetic 
nervous  system,  and  is  practically  the  same,  though  different  in  degree,  no  matter 
what  the  nature  of  the  toxemia. 

The  action  of  the  sympathetic  on  the  sacral  division  is  also  evident  in  tox- 
emia as  shown  in  the  inhibition  of  the  sexual  desire.  It  is  not  at  all  impos- 
sible that  the  increased  desire  which  so  often  marks  periods  of  improvement  in 
tuberculosis  is  evidence  of  increased  sacral  tonus,  and  an  overbalancing  of  the 
equilibrium  normally  maintained  between  the  sacral  and  the  sympathetic.  Inas- 
much as  these  changes  in  this  division  of  the  autonomic  system  are  not  so  ini- 


238  The  Journal  of  Laboratory  and  Clinical  Medicine 

portant  in  symjjtomatology  as  those  in  the  vagus  system   we  shall  not  discuss 
them  further  at  this  time. 

The  above  symptoms  are  not  constantly  present.  Variability  characterizes 
the  symptoms  produced  by  nervous  stimulation  in  early  tuberculosis.  This  is 
due  to  the  fact  that  several  important  and  antagonistic  influences  are  operative 
at  the  same  time;  and  also  to  the  fact  that  the  tuberculous  inflammation  in  the 
lung  goes  through  cycles  of  greater  and  lesser  activity,  producing  varying  de- 
grees of  stimulation;  and,  further,  to  the  fact  that  the  relative  vagus  and  sym- 
pathetic tonus  differs  in  different  individuals. 

The  nerve  endings  of  both  the  vagus  and  sympathetic  systems  are  irritated 
by  the  pulmonary  mflammation;  and  through  their  respective  fibres  afferent  im- 
pulses are  sent  centralwards,  which  result  in  reflex  stimulation  of  other  branches 
of  their  respective  systems  or  of  nerves  with  which  they  communicate,  going  out 
to  supply  such  other  organs  as  the  eye,  heart  and  gastrointestinal  tract.  Some- 
times the  stimulation  is  greater  in  the  vagus  system ;  at  other  times  in  the  sym- 
pathetic. As  a  rule,  however,  except  during  the  periods  of  increased  toxemia, 
which  I  shall  discuss  later,  my  observation  leads  me  to  believe  that  the  vagus 
tonus  is  greater  than  the  sympathetic  tonus  in  the  majority  of  patients  suffer- 
ing from  early  tuberculosis.  This  seems  to  be  true  in  nearly  all  except  those 
of  the  distinctly  asthenic  type.  This  is  shown  on  the  part  of  the  heart  and  par- 
ticularly on  the  part  of  the  gastrointestinal  tract,  as  described  later. 

In  estimating  the  relative  tonus  of  the  vagus  and  sympathetic  systems  it 
is  necessary  to  bear  in  mind  that  increased  tonus  might  show  in  one  division  of 
nerves  and  not  in  all;  and  that  this  increased  tonus  in  particular  divisions  might 
not  be  constant.  This  variability  is  due  to  the  fact  that  there  are  many  factors 
causing  the  stimulation  and  that  some  of  these  have  selective  action  for  cer- 
tain structures.  This  is  not  only  evident  in  the  reflexes,  but  also  in  the  internal 
secretions  which  affect  the  two  systems.  It  is  also  evident  from  the  fact  that 
the  tuberculous  patient  may  have  increased  or  decreased  tonus  in  either  the 
vagus  or  sympathetic  systems  from  causes  other  than  those  which  operate  as 
a  result  of  the  pulmonary  infection.  From  the  antagonistic  action  of  the  vagus 
and  sympathetic  systems  the  function  of  many  organs  is  rendered  unstable. 
The  heart  particularly  in  early  and  nonactive  tuberculosis  while  at  rest,  is  of- 
ten slower  than  normal ;  but  on  exertion  or  during  periods  of  emotion  at  once 
becomes  more  rapid  than  normal  and  settles  down  to  the  normal  much  slower 
than  it  should.  The  appetite,  while  disturbed  during  acute  toxic  states  and  dur- 
ing conditions  which  favor  increased  absorption  of  toxins,  such  as  overexer- 
tion, or  during  periods  of  anxiety  and  discouragement,  is  often  normal  and  even 
sharper  than  normal  when  the  patient  is  put  at  rest  in  the  open  air  under  favor- 
able circumstances  which  offer  him  hope  of  cure.  The  same  is  true  of  the 
gastric  and  intestinal  disturbances.  Hyperacidity  and  hypermotility  are  the  rule 
in  early  tuberculosis,  when  toxemia  is  relieved.  The  intestinal  tract  also  shows 
the  same  increased  tonus.  The  vagus  system,  the  one  which  conserves  the 
healthful  action  of  the  important  internal  organs,  overcomes  its  antagonist  in 
early  tuberculosis  for  the  most  of  the  time  and  thus  offers  the  patient  an  in- 
creased opportunity  for  restoration  to  health. 

During  the  waves  of  increased  activity  in  the  tuberculous  focus,  however, 
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and  when  the  patient  is  causing  increased  absorption  of  toxins  by  overexertion 
and  other  faulty  habits,  likewise  during  periods  of  discouragement  and  mental 
depression,  which  are  not  uncommon,  the  excessive  stimulation  of  the  sym- 
pathetic system  produced  by  both  reflex  action,  and  the  toxemia  and  emotional 
states,  overcomes  the  increased  vagus  tonus  and  causes  symptoms  which  are 
characteristic  of  sympathetic  irritation,  such  as  rapid  heart,  decreased  appetite, 
hypochlorhydria,  deficient  gastric  motility  and  alteration  in  the  secretion  and 
motility  of  the  intestinal  tract.  Whether  this  is  wholly  a  direct  action  upon  the 
sympathetic  system  or  partly  a  general  disturbance  of  internal  secretions  is  not 
clear,  but  the  effect  is  that  of  a  general  discharge  through  the  sympathetic  sys- 
tem. 

The  extent  to  which  the  sympathetic  tonus  can  be  relieved  is  a  factor  in 
prognosis.  As  the  disease  increases  in  virulence  and  activity,  the  vagus  tonus 
gradually  yields  to  the  supremacy  of  the  sympathetic. 

Aside  from  the  antagonistic  action  of  these  two  systems  it  seems  well  es- 
tablished that  antagonistic  fibres  are  at  times  supplied  to  organs  by  the  same 
system. 

In  health  a  state  of  equilibrium  is  maintained  in  the  various  organs  as  a 
result  of  the  antagonistic  action  of  these  two  systems.  In  any  disease  which 
afifects  either  by  stimulation  or  by  setting  aside  the  normal  nerve  tonus  of  any 
important  branch  or  group  of  fibres  of  either  or  both  of  these  systems,  there 
is  a  consequent  disturbance  of  equilibrium  which  results  in  a  pathological  state. 

This  is  evident  in  the  production  of  nausea  through  eye  strain,  or  the  slow- 
ing of  the  heart  in  abdominal  lesions  which  afifect  the  depressor  fibres  of  the 
vagus.     So  it  is  evident  in  pulmonary  inflammation. 

Aside  from  the  direct  stimulation  of  the  nerves  by  inflammatory  processes 
we  must  recognize  the  influence  of  substances  of  a  chemical  nature  which  act 
either  upon  terminal  filaments  or  nerve  centers.  The  primar}-  action  of  the  toxins 
is  a  direct  stimulation.  The  secondary  action  may  be  a  totally  different  one  and 
depend  on  certain  secretions  (hormones)  which  are  set  free  as  a  result  of  the 
primary  toxic  influence,  such  as  occurs  when  adrenalin  is  set  free  by  certam  emo- 
tional states  or  gastric  secretion  is  stimulated  by  the  small  or  taste  of  savory  food. 

It  is  more  and  more  believed  as  we  study  deeper  into  the  problems  of  phys- 
iolog}%  that  the  harmonious  and  dysharmonious  action  of  cells  and  special  groups 
of  cells  is  increased  not  only  by  direct  nerve  stimulation,  but  also  by  internal 
secretions  which,  coming  from  some  distant  gland,  act  as  hormones  or  messen- 
gers calling  forth  normal  harmonious  action  when  the  parts  are  in  a  normal 
state,  and  abnormal  action  when  the  parts  are  abnormal.  Such  action  is  on  the 
organ  itself  and  nor  on  the  nerve  supplying  it. 

This  is  evident  in  case  of  the  thyroid,  suprarenals,  pituitary  body,  testicles 
and  ovary;  and  probably  just  as  true  in  the  case  of  such  other  organs  as  the 
kidney,  liver,  spleen,  pancreas  and  even  such  secreting  glands  as  those  in  the 
gastrointestinal  tract.  A  dysfunction  of  one  gland  may  be  followed  by  a  dis- 
turbance in  others  because  of  a  failure  of  the  normal  secretion  of  that  gland  to 
course  in  the  blood  and  produce  its  relative  stimulation  of  other  glands.  The 
stimulation  of  these  glands  which  results  in  the  production  of  such  hormones 
is  at  least  partially  under  direct  nerve  control;  and.  in  this  manner,  the  stim- 
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ulation  of  a  nerve  supplying  a  given  organ  may  not  only  alTect  liial  particular 
organ,  uut  one  widely  separated  from  it  through  the  internal  secretion  which 
is  affected  by  such  stimulation. 

No  doubt  future  study  will  clarify  this  subject  very  much  by  the  discov- 
ery of  the  true  relationship  which  exists  between  many  of  the  internal  secretions 
and  the  structures  controlled  by  them.  An  important  beginning  has  been  made 
in  this  direction  in  the  discovery  of  the  fact  that  the  secretion  of  adrenin  is 
stimulated  by  the  same  conditions  (emotional  states)  which  stimulate  the  sym- 
pathetic nervous  system  (Cannon),  and  that  when  this  substance  is  thrown  out 
into  the  circulation,  it  finds  its  way  to  the  various  structures  controlled  by  the 
sympathetic  nervous  system  and  exerts  for  the  most  part,  the  same  antagonis- 
tic action  against  the  vagus  as  the  sympathetic  itself.  This  may  partly  explain 
the  action  of  toxemia  as  well  as  a  central  stimulation  of  the  sympathetic  neurons. 
There  are  doubtless  other  organs  which  produce  hormones  antagonistic  to  sym- 
pathetic action;  in  fact,  the  observation  that  dogs  whose  pancreas  are  removed 
have  an  overstimulation  of  the  adrenal  system  indicates  that  such  a  hormone 
is  produced  in  the  pancreas. 

Let  us  now  proceed  to  apply  these  principles  to  pulmonary  tuberculosis 
and  the  explanation  of  such  phenomena  as  are  caused  by  the  disturbed  balance 
in  the  vagus  and  sympathetic  systems. 

In  tuberculosis  we  must  conceive  of  a  condition  in  which  both  the  vagus 
and  sympathetic  systems  are  simultaneously  stimulated,  but  one  in  which  either 
one  or  the  other  usually  yields  with  a  resultant  disturbed  equilibrium. 

Pupil.  At  least  fifty  per  cent  of  tuberculous  patients  show  a  dilated  pupil  on 
the  side  of  involvement  during  the  time  that  the  inflammation  is  acute ;  and  it  is 
probable  that  a  much  larger  per  cent  would  show  it  if  observation  could  be  made 
continuously.  This  indicates  that  the  action  of  the  sympathetic  overcomes  that 
of  the  vagus.  This  dilator  effect  is  due  to  irritation  of  the  fibres  from  the  1st 
and  Ilnd  thoracic  segments  of  the  cord.  Artificial  stimulation  of  these  fibres 
causes  the  same  dilator  effect.  Aside  from  the  pupilary  eff'ect,  the  equilibrium 
of  the  ciliary  body  and  orbital  muscle  is  disturbed.  I  am  led  to  believe,  that, 
aside  from,  the  dilatation  of  the  pupil,  there  is  a  serious  disturbance  in  the  muscle 
balance  resulting  from  the  antagonistic  action  of  the  vagus  and  sympathetic 
which  causes  a  disturbance  of  accommodation.  It  is  surprising  to  see  how  many 
patients  complain  of  headache,  if  they  continue  to  use  their  eyes  for  reading, 
knitting,  or  sewing,  as  they  have  been  accustomed  to  do  prior  to  their  illness. 
They  also  seem  to  show  an  increased  and  abnormal  sensitiveness  to  bright  light; 
and  I  often  find  it  necessary  to  suggest  that  the  bed  be  so  placed  that  the  light 
will  not  shine  directly  in  the  eyes.  Change  of  eye  glasses  is  made  necessary 
more  often  than  prior  to  illness  even  in  early  and  chronic  cases  which  are  only 
slightly  active.  This  is  usually  explained  as  being  due  to  the  lowered  physical 
state ;  but  may  not  this  altered  muscle  balance  be  the  cause  ? 

Hectic  flush.  The  vasoconstrictor  fibres  of  the  cervical  sympathetics  take 
their  origin  from  the  upper  thoracic  roots,  particularly  from  the  lid,  Illd  and 
IVth,  and  supply  the  vessels  of  the  face  and  head.  Hectic  flush  is  present,  for 
the  most  part,  only  during  periods  of  acute  toxemia,  and  comes  on  only  after 
a  considerable  amount  of  tissue  is  involved.     It  is  confined  to  the  side  affected, 
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the  same  as  is  noted  in  the  reflex  dilatations  of  the  pupil.  This  of  itself  suggests 
that  reflex  action  is  at  least  the  localizing  factor,  although  the  toxic  action  may 
also  be  required  to  overcome  the  constrictor  effect. 

Heart.  In  the  heart,  in  tuberculosis,  we  have  so  many  conditions  present 
which  influence  the  pulse  rate  that  it  is  impossible  to  accurately  ascribe  to  the 
vagus  and  sympathetic  systems  the  part  which  each  plays.  Impulses  are  car- 
ried through  both  systems,  because  both  are  more  or  less  constantly  irritated. 

As  a  result  of  this  double  source  of  impulses,  the  one  through  the  vagus 
tending  to  slow  the  heart,  the  other  through  the  sympathetic,  attempting  to 
quicken  its  action,  there  is  a  marked  disturbance  in  equilibrium.  This  shov/s 
early  in  the  disease  before  such  conditions  as  loss  of  pulmonary  tissue,  heart 
strain,  and  degenerative  changes  can  be  considered.  The  heart  beat  may  be 
normal,  or  only  slightly  faster  than  normal,  while  the  patient  is  at  rest;  but 
unduly  rapid  on  exertion.  Rapidity  is  also  increased  during  states  of  toxemia 
and  during  periods  of  depression. 

This  characteristic  relative  slowness  of  the  heart  beat  while  at  rest  is  some- 
times noticed  even  during  periods  of  temperature  in  advanced  tuberculosis. 
When  compared  with  the  pulse  rate  accompanying  the  same  degree  of  tem- 
perature in  other  diseases  it  is  often  lower.  This  is  most  probably  a  result  of 
an  inhibitory  reflex  through  the  vagus,  the  impulse  coming  from  the  irritation 
in  the  lung.  When  the  intestinal  tract  is  affected  with  tuberculosis,  then  an- 
other division  of  the  great  vagus  system  is  stimulated  and  we  often  see  this  in- 
hibitory action  accentuated,  with  a  still  greater  departure  in  pulse  rate  from  that 
which  would  be  expected  with  the  degree  of  temperature  present.  If  an  un- 
usual slowing  of  the  pulse  occurs  in  the  course  of  pulmonary  tuberculosis  co- 
incident with  an  elevation  of  one  or  two  degrees  in  the  temperature  curve,  re- 
flex vagus  irritation  should  be  considered  as  a  probable  cause  and  a  complicat- 
ing intestinal  tuberculosis  be  suspected. 

Irritation  of  other  branches  of  the  vagus  will  also  cause  inhibitory  action 
upon  the  heart.  Thus  pressing  upon  the  eyeball  and  irritating  the  nasal  mucous 
membrane  will  both  cause  slowing  of  the  heart;  so  does  intracranial  pressure  as 
shown  at  times  in  tumors  and  conditions  accompanied  by  fluid. 

Opposing  this  inhibitory  action  through  the  vagus,  we  have  acceleration 
through  the  sympathetic,  either  by  direct  stimulation,  or  through  toxins  or 
through  the  various  emotional  states  which  affect  the  patient.  Often  the  sym- 
pathetic irritation  gains  the  upper  hand  and  a  markedly  rapid  pulse  results. 

Gastrointestinal  tract.  The  antagonistic  action  of  the  vagus  and  sympathetic 
on  the  dift'erent  portions  of  the  intestinal  tract  is  extremely  interesting;  and  our 
understanding  of  this  action  will  aid  greatly  in  forming  an  accurate  clinical  ci->n- 
ception  of  the  digestive  capabilities  of  the  tuberculous  patient. 

Early  in  tuberculosis  the  toxemia  present  is  neither  constant  nor  of  a  high 
degree  as  mentioned  above,  and  its  action  upon  the  sympathetic  is  negligible  as 
compared  with  that  present  in  the  more  advanced  cases.  From  the  very  first, 
however,  vagus  stimulation  seems  to  be  important.  This  is  shown  in  the  larynx, 
in  hoarseness  due  to  interference  with  the  innervation,  and  also  in  the  irrita- 
tion which  produces  cough.  It  is  likewise  marked  in  the  intestinal  tract,  as  I 
shall  now  describe. 
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Increased  salivary  flozu.  This  is  present  at  times  in  tuberculous  patients, 
though  by  no  means  constant.  This  could  be  due  to  reflex  stimulation  of  the 
salivary  glands  through  the  vagus  branch  which  courses  with  the  chorda  tym- 
pani.  The  dry  mouth  and  coated  tongue  are  almost  always  present  during  the 
periods  of  toxemia,  and,  at  times,  when  this  has  passed  away.  This  is  an  ex- 
pression of  increased  sympathetic  action. 

Coated  Tongue.  A  dry  coating  of  the  tongue  is  often  noticed  during  periods 
of  temperature  in  cases  where  toxemia  is  a  factor.  The  drying  effect  on  the 
secretions  through  the  sympathetics  must  be  thought  of  as  an  etiological  factor. 
The  fact  that  this  is  nearly  always  accompanied  by  a  diminution  of  appetite  and 
deficiency  in  gastric  and  intestinal  efficiency  makes  the  cause  the  more  prob- 
able, for  these  other  conditions  are  likewise  due  to  deficient  vagus  tonus  or  in- 
creased sympathetic  tonus. 

Stomach.  The  disturbance  on  the  part  of  the  stomach  in  early  tuberculosis, 
except  during  periods  of  acute  toxemia  and  periods  of  depression  are  those 
which  belong  to  the  class  of  so-called  nervous  dyspepsias.  The  form  which 
seems  most  common  is  a  slight  hyperacidity.  This  may  be  brought  about  by  a 
reflex  through  the  vagus,  the  impulse  coming  from  the  inflamed  pulmonary 
parenchyma.  The  digestive  powers  are,  if  anything,  above  par.  This  may  be 
a  reason  why  the  tuberculous  patient  at  these  times  is  able  to  care  for  such  large 
amounts  of  food.  Associated  with  the  increased  secretion  there  is  also  an  in- 
creased motility  and  at  times,  a  spastic  constipation.  This  increased  vagus  tonus 
sometimes  shows  itself  in  a  feeling  vshich  approaches  nausea.  These  conditions, 
however,  are  not  continuous.  They  alternate  with  decreased  vagus  tonus  as 
mentioned  above.  This  increased  vagus  tonus  can  be  relieved  by  the  adminis- 
tration of  atropin,  and  following  its  administration  hyperacidity  and  hypermo- 
tility  often  disappear.  There  are  several  factors  which  come  in  to  cause  sym- 
pathetic stimulation  and  inhibition  of  vagus  action,  notably  reflex  irritation,  the 
toxemia  and  the  depressed  nervous  state  which  is  so  common  and  which  is 
characterized  by  mental  depression,  anxiety,  discouragement  and  fear.  These 
emotional  states  come  and  go  all  through  the  disease.  They  are  sometimes  de- 
pendent upon  and  sometimes  independent  of  toxemia. 

Intestines.  A  similar  condition  obtains  in  the  intestinal  tract  where  we 
have  states  of  increased  vagus  tonus,  causing  increased  secretion  and  increased 
motility,  and  abnormal  sympathetic  irritation  inhibiting  this  and  interfering  with 
secretion  and  peristaltic  action.  Spastic  constipation  as  a  result  of  increased 
vagus  tonus  is  common  in  early  tuberculosis,  while  the  atonic  type  is  the  rule 
later.  Definite  effects  of  each  system  are  not  so  easy  to  point  out  in  the  in- 
testinal tract  because  of  the  preponderance  of  stasis  and  constipation,  which 
are  regularly  found  in  general  life  and  which  affect  so  many  of  those  who  are 
afflicted  with  tuberculosis  prior  to  the  time  when  the  disease  becomes  manifest. 
We  can  say,  however,  that,  as  a  rule,  digestion  becomes  impaired  and  stasis  and 
constipation  become  more  pronounced  as  the  disease  advances  and  toxemia  and 
the  various  depressive  emotional  states  become  more  marked. 

Thus,  it  would  seem  that  early  tuberculosis  is  largely  a  condition  in  which 
increased  vagus  tonus  predominates  over  sympathetic  stimulation,  and  advanced 
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tuberculosis  a  condition  in  which  sympathetic  irritation  seems  to  be  greater  than 
the  vagus  tonus. 

In  offering  this  analysis  of  nervous  action  in  tuberculosis,  I  realize  fully 
that  it  is  impossible  to  always  point  out  the  direct  relationship  between  cause 
and  effect;  because  we  are  dealing  with  a  disease  which  produces  dysfunction 
on  the  part  of  many  organs  and  which  results  in  a  multitude  of  conditions  which 
might  produce  symptoms  similar  to  those  which  could  be  explained  at  one  time 
by  irritation  of  the  sympathetics,  at  another  by  irritation  of  the  vagus.  It  can 
be  seen,  however,  that  these  two  systems  are  to  be  taken  into  account,  and  that, 
as  long  as  inflammation  in  the  lung  exists,  so  long  are  impulses  carried  to  va- 
rious organs  through  these  two  systems,  which,  acting  antagonistically,  disturb 
the  normal  equilibrium,  which  is  so  necessary  to  normal  function. 


ETIOLOGY  AND  LABORATORY  DIAGNOSIS  OF  SMALLPOX  AND 

CHICKENPOX* 


By  J.   N.   Force,   AI.D.,   Berkeley,   Cal. 


ELEVEN  years  after  Jenner  published  his  monograph  on  vaccination,  Sacco 
recorded  the  presence  of  granules  in  the  lymph  contained  in  the  vaccine 
vesicle,  but  it  was  not  until  1868,  however,  that  Chauveau^  was  able  to  show 
by  diffusion  experiments,  that  the  active  principle  of  vaccine  virus  was  con- 
tained in  these  granules  and  not  in  the  fluid  in  which  they  were  suspended. 

Beginning  with  Cohn-  in  1872,  a  number  of  observers  made  careful  studies 
of  the  bacteria  found  in  the  vaccine  vesicle,  but  no  one  was  able  to  produce  the 
lesions  of  vaccinia  by  means  of  animal  inoculation  with  a  pure  culture  of  any 
one  of  these  bacteria. 

De  Waele  and  Sugg'  during  a  smallpox  epidemic  succeeded  in  isolating 
from  the  blood  of  persons  dead  of  the  disease,  a  streptococcus  which  was  ag- 
glutinated by  the  serum  of  smallpox  cases  in  dilutions  of  1  in  800.  The  same 
organism  was  isolated  from  the  vesicles  of  vaccinia  cases  and  was  agglutinated 
by  the  blood  of  other  vaccinia  cases.  These  same  observers*  isolated  a  strepto- 
coccus from  chickenpox  vesicles  which,  though  readily  agglutinated  by  the  serum 
of  chickenpox  cases,  was  not  agglutinated  by  the  serum  of  smallpox  cases,  vac- 
cinia cases,  or  new-born  infants.  After  a  large  number  of  control  experiments 
with  other  streptococci,  de  A\'aele  and  Sugg  announced  the  specificity  of  these 
streptococci  and  suggested  the  agglutination  test  as  a  means  for  the  .differ- 
ential diagnosis  of  smallpox  and  chickenpox.  It  is  indeed  remarkable  that  so 
definite  a  statement  involving  both  morpholog)'  and  immunology  of  supposed 
causative  agents  for  these  two  diseases  should  be  neither  confirmed  nor  denied 
by  other  observers.  It  is  possible  that  the  scientific  world  hesitated  to  recog- 
nize streptococcus  variola  until  specific  immunity  had  been  produced  in  animals 
by  inoculation  with  a  pure  culture  of  the  newly  discovered  organism. 

The  failure  to  produce  vaccinia  with  any  bacteria  contained  in  the  vaccine 
vesicle  naturally  suggested  that  these  bacteria  were  in  the  nature  of  secondary 
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invaders  and  led  to  a  desire  to  see  how.  the  vaccine  lymph  would  behave  if  free 
from  this  contamination.  Cheync^  in  1850  suggested  the  use  of  vaccine  virus 
mixed  with  glycerin  as  a  substitute  for  the  dry  point,  though  this  suggestion 
was  made  in  the  interest  of  convenience  of  handling  and  preservation  rather 
than  removing  contamination.  Copeman*'  in  1891  showed  that  vaccine  virus 
mixed  with  fifty  per  cent  glycerin  would  retain  its  activity  even  though  the  bac- 
terial content  of  the  mixture  gradually  lessened.  The  following  year  Chambon, 
Menard,  and  Straus"  came  to  the  same  conclusion  independently  since  they 
were  able  to  produce  typical  vaccinia  lesions  with  a  mixture  of  virus  and  glycerin 
sixtv  days  old.  The  mixture  was  entirely  free  from  the  usual  bacteria  as  was 
shown  by  plating  experiments. 

The  fact  that  typical  vaccine  vesicles  could  be  produced  by  a  bacteria  free 
virus  suggested  a  protozoan  origin  for  the  disease.  Guarnieri^  in  1892  gave 
the  name  cytoryctes  to  certain  bodies  which  he  found  constantly  occurring  in 
the  epithelial  cells  of  smallpox  vesicles  as  well  as  in  the  corneal  epithelial  cells 
of  rabbits  fifty  hours  after  inoculation  of  the  cornea  with  vaccine  virus.  These 
bodies  were  extranuclear  in  the  epithelial  cells  and  varied  in  shape  and  size, 
being  on  the  average  half  the  size  of  the  cell  nucleas.  Councilman,  Brincker- 
holT,  and  Tyzzer^  believed  that  the  bodies  or  cytoryctes  of  Guarnieri  were  the 
true  parasites  of  smallpox  and  vaccinia.  They  also  described  a  second  form 
which  was  present  within  the  nucleus  of  the  epithelial  cell  in  smallpox  only. 
They  considered  the  forms  to  represent  two  stages  in  the  life  history  of  the 
same  organism  and  ascribed  the  differences  between  variola  inoculata  and  vac- 
cinia in  monkeys  to  the  presence  of  the  intranuclear  form  in  the  former  dis- 
ease. The  intranuclear  forms  were  most  abundant  in  the  vesicles  of  a  general 
eruption  produced  by  the  intravenous  inoculation  of  smallpox  virus,  but  were 
only  occasionally  found  in  the  lesions  produced  by  skin  inoculation  of  the  same 
virus.  The  extranuclear  forms  or  original  cytoryctes  were  present  in  both  small- 
pox and  vaccinia  lesions. 

In  connection  with  the  above  studies,  Tyzzer"  carried  on  an  independent 
investigation  of  the  histolog}^  of  the  chickenpox  vesicle.  Though  unable  to  pro- 
duce any  reaction  in  the  corneal  epithelial  cells  of  a  rabbit  or  in  the  skin  of  a 
monkey  by  inoculation  with  chickenpox  vesicle  contents,  he  described  certain 
bodies  enclosed  in  the  nuclei  and  cytoplasm  of  the  epithelial  cells  of  the  chicken- 
pox  vesicle.  Associated  with  appearance  of  these  bodies  is  a  division  of  the 
nucleus  and  an  enlargement  of  the  epithelial  cells.  The  resulting  large  poly- 
nuclear  cells,  Tyzzer  considered  characteristic  of  chickenpox.  He  did  not  con- 
sider the  inclusion  bodies  parasitic  in  character  nor  did  he  think  that  they  would 
be  confused  with  cytor}xtes  by  an  experienced  observer.  The  inability  of  Tyzzer 
to  produce  lesions  with  chickenpox  material  in  the  corneal  cells  of  rabbits  was 
in  the  nature  of  a  confirmation  of  the  observations  of  Salmon^^  who  was  unable 
to  afifect  the  cornea  with  either  chickenpox  or  confluent  acne  material,  though 
finding  it  easily  afifected  by  both  smallpox  and  vaccine  virus. 

The  newly  discovered  cytoryctes  were  not  universally  accepted  as  the  caus- 
ative agent  of  smallpox.  In  the  year  following  the  publication  of  Guarnieri 's 
discovery  we  find  Ferroni  and  Massai^-  expressing  a  belief  that  Guarnieri's 
parasites  were  irritation  bodies  derived  from  the  nuclei  of  the  epithelial  cells. 


Btiology  and  Laboratory  Diagnosis  of  Smallpox  and  Chickenpox       245 

This  belief  was  based  on  corneal  inoculations  with  croton  oil  and  india  ink.  Re- 
sulting stained  sections  showed  bodies  practically  identical  with  the  cytoryctes. 
Further  confirmation  of  the  nonparasitic  character  of  these  bodies  was  offered 
by  Salmon^'  who  showed  that  the  staining  reactions  of  the  parasites,  w^iile  dif- 
fering from  those  of  the  nucleus  of  the  epithelial  cell,  corresponded  to  those  of 
the  nuclei  of  migrating  leucocytes  whose  chromatin  masses  tend  to  break  down 
in  the  invaded  cells.  Foa^*  also  denied  the  parasitic  nature  of  the  cytoryctes  on 
the  ground  of  a  nonprotozoan  morphology,  the  resistance  of  vaccine  virus  to 
physical  and  chemical  agents  capable  of  destroying  the  cytoryctes,  and  finally 
that  analogous  forms  found  in  sheep-pox  will  not  traverse  the  filter  which  al- 
lows passage  of  the  sheep-pox  virus.  Von  Prowazek^^  discovered  that  the  young 
cytoryctes  were  tied  by  filaments  to  the  cell  nucleus.  He  did  not  consider  them 
parasites,  products  of  degeneration,  or  even  the  nuclei  of  wandering  leucocytes, 
but  rather  a  hyperproduction  of  nuclear  material  on  the  part  of  the  epithelial 
cell  as  a  reaction  to  stimulation  produced  by  the  smallpox  organism.  He  be- 
lieved that  the  extruded  nuclear  material  surrounded  the  organism  and  sue-- 
gested  the  group  name  chlamydozoa  (chlamys.  a  cloak)  for  all  organisms  caus- 
ing similar  reactions.  He  admitted  that  bodies  resembling  cytoryctes  could  be 
produced  by  the  irritation  of  the  cornea  v/ith  various  substances,  e.  g.,  trvpsin, 
but  held  that  the  production  of  true  cytoryctes  was  a  specific  property  of  the 
smallpox  organism.  Finally  he  showed  that  cytoryctes  could  not  be  produced 
in  the  corneal  cells  of  rabbits  by  inoculation  w'ith  heated  vaccine  virus,  though 
the  same   heated  virus   would   produce   immunity   if  injected   subcutaneously. 

It  has  been  stated  above  that  Tyzzer  noted  inclusion  bodies  in  the  epi- 
thelial cells  of  the  chickenpox  vesicle.  He  did  not  consider  these  parasitic,  was 
unable  to  produce  them  in  corneal  lesions,  and  did  not  consider  them  readily 
confused  with  the  cytoryctes.  On  the  other  hand  Keysselitz  and  Mayer^*^  be- 
lieved the  chickenpox  inclusion  bodies  to  be  analogous  to  the  cytoryctes  though 
they  believed  that  the  actual  organism  of  chickenpox  is  located  within  the  in- 
clusion bodies,  thus  following  the  chlamydozoa  theory  of  von  Prowazek.  Ber- 
tarelli^"  was  unable  to  inoculate  either  child,  monkey,  dog,  or  guinea-pig  with 
chickenpox  vesicle  contents  or  dried  crusts.  He  did,  however,  in  contradistinc- 
tion to  Tyzzer,  succeed  in  producing  a  corneal  reaction  in  rabbits  which  was 
characterized  by  inclusion  bodies  in  the  epithelial  cells.  The  bodies  were  not 
as  large  or  as  deeply  stained  as  the  cytoryctes,  but  they  were  not  confusable 
with  the  irritation  forms  produced  by  osmic  acid  or  bacterial  toxins.  Swellen- 
grebeF**  confirmed  the  observation  of  Bcrtarelli  concerning  the  staining  char- 
acters of  the  chickenpox  inclusion  bodies.  He  differentiated  them  from  the 
cytoryctes  by  a  structure  more  like  the  nucleus  in  character,  and  a  location  more 
often  within  the  nucleus  of  the  epithelial  cell,  though  these  differences  were 
not  at  all  constant. 

Aside  from  the  corneal  inoculations  with  chickenpox  vesicle  contents,  the 
only  results  of  inoculation  which  seem  to  be  beyond  question  are  those  of  KHng.^° 
Kling  easily  inoculated  healthy  children  by  pricking  the  skin  of  the  arm  with 
a  lancet  charged  with  fluid  from  a  fresh  chickenpox  vesicle.  At  the  end  of 
eight  days,  a  typical  chickenpox  vesicle  appeared,  which  was  transmitted  for 
five  passages.     The  vesicle  appeared  in  children  recently  vaccinated  against  small- 
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pox  whicli  shows  that  the  lesion  produced  was  not  due  to  vaccinia.  Out  of 
thirty-one  children  inoculated  in  this  manner  during  an  epidemic  in  a  children's 
hospital,  only  one  had  a  febrile  attack  of  chickenpox.  In  the  same  hospital 
there  were  thirty-two  cases  of  chickenpox  out  of  sixty-four  unvaricellated  chil- 
dren. Rabinoff"^  has  recently  applied  the  varicellation  method  of  Kling  to  sev- 
enty-six children  in  an  infant  asylum.  The  six  cases  of  chickenpox  which  ap- 
peared in  this  group  all  occurred  within  ten  days  after  varicellation,  i.  e.,  with- 
in the  incubation  period  of  the  disease.  Out  of  one  hundred  and  forty-two  sus- 
ceptible children  in  the  same  asylum,  there  were  one  hundred  and  fourteen  cases 
of  chickenpox.  These  figures  represent  an  incidence  of  eight  per  cent  in  vari- 
cellated  cases  as  against  seventy-five  per  cent  in  susceptible  cases. 

These  observations  of  Kling  in  conjunction  with  the  findings  of  Bertarelli 
and  Swellengrebel  show  that  the  clinical  similarity  of  chickenpox  and  mild  small- 
pox is  confirmed  by  a  similarity  of  the  reaction  of  the  epithelial  cell  to  the  in- 
vasion of  either  organism,  as  well  as  a  similarity  in  the  protection  afforded  by 
both  vaccination  and  varicellation.  On  the  other  hand,  the  fact  that  a  small- 
pox immune  child  could  be  varicellated  indicates  that  the  two  diseases  are  not 
modifications  of  the  same  process  as  believed  by  Hebra. 

It  is  needless  to  say  that  while  the  studies  on  cytoryctes  were  in  progress, 
many  attempts  were  made  to  pass  the  smallpox  organism  through  the  Berke- 
feld  filter.  All  these  experiments  resulted  in  failure  until  Xicolle  and  Adil- 
Bey-°  in  1900  passed  vaccine  virus  through  the  filter  after  a  preliminary  diges- 
tion of  the  vaccine  lymph  with  pancreatic  juice.  Xegri-^  diluted  fresh  un- 
glycerinated  pulp  with  ten  to  twelve  times  its  weight  of  water  and  ground  it  in 
a  mortar.  The  ground  pulp  was  allowed  to  stand  on  ice  for  several  days  and 
then  reground  in  a  Csoker  grinding  machine.  The  filtrate  from  the  resulting 
emulsion  gave  typical  corneal  reactions  including  cytoryctes  though  a  large 
quantity  of  the  filtrate  and  a  ten  hour  contact  with  the  cornea  were  necessary. 
Green--  collected  vaccine  pulp,  triturated  it  with  saline  solution,  heated  at  60° 
C.  for  one  hour,  and  filtered  through  the  Berkefeld  filter.  The  filtrate  injected 
subcutaneously  into  guinea-pigs,  monkeys,  and  calves  produced  immunity  against 
subsequent  skin  vaccination.  In  a  later  communication.  Green-"  reports  inabil- 
ity to  produce  any  trace  of  vaccinia  in  calves  and  guinea-pigs  vaccinated  with 
the  filtrate  of  vaccine  pulp  removed  from  calves  ninety-six  hours  after  vaccina- 
tion and  diluted  1  in  8  with  five  per  cent  sodium  citrate  solution.  Foster  and 
Force  treated  glycerinated.  vaccine  virus  with  ether,  removed  the  ether,  diluted 
the  vaccine  virus  1  in  50  with  saline  solution,  and  centrifuged  at  high  speed. 
The  supernatant  fluid  was  divided  into  two  portions,  one  of  which  being  passed 
through  the  Berkefeld  filter.  Guinea-pigs  were  then  inoculated  subcutaneously 
with  equal  doses  of  the  filtered  and  unfiltered  portions.  Subsequent  scrotal  vac- 
cination of  the  guinea-pigs  produced  abortive  vesicles  where  the  animals  had 
been  inoculated  with  the  filtrate,  and  distinct  allergic  reactions  where  the  ani- 
mals had  been  vaccinated  with  the  unfiltered  supernatant  fluid.  Repeating  the 
experiment  with  unetherized  virus  gave  similar  results.  Control  scrotal  vac- 
cination with  the  original  virus  gave  typical  vesicle  formation. 

Experiences  in  the  filtration  of  vaccine  virus  indicate  that  the  organism  is 
contained  in  some  type  of  surrounding  substance  and  is  incapable  of  passing 
the  filter  until  this  substance  is  removed  by  digestion,  grinding,  or  the  action 
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of  solvents.  This  is  strictly  in  accord  with  the  chlamydozoa  theory  of  von 
Prowazek.  It  is  also  evident  that  the  activity  of  the  virus  is  reduced  by  filtra- 
tion, whether  by  mechanical  action  of  the  filter,  or  by  inability  of  the  organisms 
to  separate  in  sufficient  quantities  from  their  surrounding  cytoryctes.  This  is 
shown  by  the  partial  protection  of  guinea-pigs  receiving  a  subcutaneous  inocula- 
tion of  filtrate  as  contrasted  with  the  complete  protection  afforded  by  an  equal 
quantity  of  ground,  centrifuged,  but  unfiltered  vaccine  virus.  Whatever  eflr'ect 
the  ether  may  have  had  in  dissolving  the .  cytoryctes  was  offset  by  the  marked 
tendency  of  the  etherized  virus  to  clog  the  filter. 

Von  Prowazek  gave  the  name  chlamydozoa  to, organisms  characterized  by 
the  formation  of  a  surrounding  cloak  derived  from  the  nucleus  of  the  invaded 
cell.  Fornet-*  suggested  the  nam.e  microsoma  to  designate  the  group  of  path- 
ogenic germs  to  which  belong  the  bodies  described  by  Flexner  and  Xoguchi  in 
poliomyelitis  and  rabies,  as  well  as  the  smallpox  organisms.  Microsoma  var- 
iolae,  according  to  Fornet,  occur  in  pairs  surrounded  by  a  narrow  halo  which 
is  easily  seen  when  stained  by  Giemsa's  solution.  They  are  agglutinated  com- 
pletely by  the  serum  of  a  smallpox  case.  Volpino--^  under  the  name  of  '"cor- 
puscles mobiles"  described  similar  bodies  seen  with  the  ultramicroscope  in  the 
corneal  epithelial  cells  of  the  rabbit.  These  bodies  do  not  exceed  0.2  microns 
in  diameter,  are  very  numerous,  and  very  motile.  Volpino  laid  great  stress  on 
the  diameter  of  these  bodies  as  distinguished  from  those  described  by  Paschen-® 
which  measured  0.5  microns  and  were  contained  in  fresh  lymph  taken  from  a 
child.     Volpino  considered  these  to  be  leucocytic  granules. 

The  most  careful  and  comprehensive  study  of  the  morphology  of  the  small- 
pox organism  is  that  of  Belin.-'  After  vaccinating  the  cornea  of  a  rabbit,  he 
sutured  the  eyelids  together  assuming  that  the  tears  would  rid  the  site  of  ex- 
traneous organisms  and  leave  a  practically  pure  culture  of  the  smallpox  organ- 
ism. Studies  made  of  the  pus  resulting  from  this  vaccination  showed  the  fol- 
lowing forms  against  the  dark  field : 

1.  Motile  coccoid  forms  less  than  0.5  micron  in  diameter  which  were  ag- 
glutinated by  the  serum  of  smallpox  immunes. 

2.  Similar  forms  within  the  corneal  cells. 

3.  A  very  few  large  oval  bodies  sometimes  as  large  as  2.0  microns. 

4.  Spirochaetes  occurring  early,  very  fragile,  and  in  many  cases  contain- 
ing in  one  end  a  small  body  similar  to  the  free  coccoid  form  of  the  organism. 

In  a  later  communication,  Belin-*  states  that  he  was  able  to  obtain  all  llicse 
forms  from  a  serum  broth  to  which  had  been  added  small  particles  of  rabbit 
skin  inoculated  with  vaccine  virus.  Belin  claims  that  reproduction  of  the  or- 
ganism took  place  in  this  culture  medium  since  vaccination  on  the  backs  of 
rabbits  with  emulsions  made  from  skin  particles  fished  from  the  broth  produced 
confluent  eruption  on  using  particles  which  had  been  in  the  broth  four  days, 
where  only  a  few  discrete  vesicles  were  produced  by  using  particles  which  had 
been  in  the  broth  a  shorter  time.  A  portion  of  fourth-day  emulsion  produced 
discrete  vesicles  after  being  passed  through  a  Berkefeld  filter. 

The  work  of  Belin  furnishes  a  combined  study  of  morpholog}'  and  attempts 
to  cultivate  the  vaccine  organism  in  vitro.  Several  other  reports  have  been 
made  recently  on  the  cultivation  of  a  bacteria  free  vaccine  both  in  vivo  and  in 
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vitro.  Steinhardt,  Israeli,  and  Lambert-^  repeated  the  work  of  lielin  using  frag;- 
ments  of  labbit  cornea  inoculated  with  vaccine  virus  and  incubated  at  37°  C. 
The  incubated  corneal  fragments  gave  rise  to  confluent  eruptions  on  the  backs 
of  rabbits,  while  unincubated  controls  gave  only  discrete  vesicles.  Steinhardt- 
Harde""  secured  a  bacteria-free  vaccine  by  the  dialysis  of  commercial  glyceri- 
nated  virus  through  collodion  sacks.  This  process  removed  the  glycerin  and 
phenol.  The  contents  of  the  sacks  were  either  plated  on  agar  or  re-dialysed  with 
0.5  per  cent  phenol.  In  the  first  instance  the  spaces  between  the  contaminating 
organisms  which  appeared  on  the  agar  plates  were  carefully  cut  out  and  the 
vaccine  removed  therefrom.  In  the  second  instance  the  re-dialysis  gave  rise 
to  a  bacteria-free  liquid  virus  which  was  much  more  active  than  when  the  bac- 
teria had  been  killed  by  shaking  with  ether  as  advocated  by  Fornet.  Fornet,-* 
however,  holds  that  shaking  with  ether  does  not  seriously  impair  the  vitality 
of  the  virus,  since  he  succeeded  in  transplanting  the  organism  for  seven  gen- 
erations in  serum  broth  to  which  a  piece  of  sponge  platinum  had  been  added. 
This  growth  was  secured  after  the  removal  of  contaminating  bacteria  by  means 
of  ether,  Fornet  was  able  to  vaccinate  a  calf  with  the  seventh  generation  broth 
culture  and  is  convinced  that  this  result  was  not  due  to  dilution  of  the  original 
material,  since  this  would  represent  a  dilution  of  1  in  1,000  billion  even  in  the 
fifth  generation  which  is  considerably  beyond  the  limits  of  activity  of  diluted 
vaccine  virus.  Fornet's  studies  on  the  morphology  of  the  organism  agree  in 
the  main  with  those  of  Belin,  Prowazek,  and  Volpino.  Fornet's  method  of  se- 
curing a  bacteria-free  vaccine  virus  is  believed  by  Voigt'^  to  have  little  com- 
mercial value,  since  etherized  virus  will  not  retain  its  potency  as  long  as  the 
ordinary  glycerinated  product,  so  that  whatever  is  gained  by  a  shortened  period 
between  preparation  and  distribution  is  lost  by  a  correspondingly  shorter  period 
of  potency  after  marketing.  Foster^-  secures  a  marked  reduction  in  the  num- 
ber of  bacteria  by  bubbling  ether  through  a  long  column  of  vaccine  pulp  for 
a  few  hours.  He  does  not  continue  the  process  until  the  vaccine  is  bacteria 
free,  but  depends  on  the  glycerin  to  complete  the  process  during  the  period  of 
storage  which  is  considerably  shortened  by  this  method.  This  vaccine  virus  has 
been  in  use  in  the  University  of  California  Infirmary  for  the  past  year  and  one 
hundred  per  cent  of  "takes"  in  previously  unvaccinated  persons  with  no  his- 
tory of  smallpox  testify  to  its  potency,  Noguchi^^  has  recently  succeeded  in  re- 
storing the  virulence  of  vaccine  virus  which  had  been  freed  from  bacteria  by 
etherizing  according  to  the  method  of  Fornet,  He  inoculates  the  testicles  of 
rabbits  and  bulls  thereby  securing  large  amounts  of  protected  epithelial  sur- 
faces for  the  propagation  of  the  virus, 

A  summary  of  our  information  regarding  the  organism  of  smallpox  pre- 
sents the  following  points : 

1,  The  organism  is  present  in  the  lesions  of  smallpox  and  vaccinia. 

2,  The  organism  is  a  filterable  virus  normally  occurring  as  a  coccoid  form 
measuring  from  0.2  to  0.5  micron  in  diameter. 

3,  The  organism  invades  epithelial  cells  and  derives  an  enveloping  sub- 
stance from  the  nuclei  of  these  cells, 

4,  The  organism  is  capable  of  inoculation  in  animals  though  affected  some- 
what in  its  general  activity  by  the  tissue  selected  for  inoculation  or  by  the  portal 
of  entry  into  the  body. 
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5.  It  occurs  in  skin  lesions  accompanied  by  bacteria  and  the  removal  of 
the  bacteria  is  difficult  of  accomplishment  without  lessening  the  activity  of  the 
organism. 

6.  The  organism  has  been  grown  in  pure  culture  in  vivo,  and  in  culture 
media  containing  epithelial  tissue.  It  has  possibly  been  grown  in  culture  media 
without  epithelial  tissue,  though  this  last  point  needs  confirmation. 

The  organism  of  chickenpox  resembles  that  of  smallpox  in  its  invasion  of 
epithelial  cells  and  the  formation  of  an  enveloping  substance  derived  from  the 
nucleus.  It  has  produced  inclusion  bodies  in  the  corneal  epithelial  cells  of  rab- 
bits and  has  been  carried  from  arm  to  arm  for  several  generations.  Owing  to 
the  difficulty  of  animal  inoculation  it  has  never  been  proved  that  it  would  pass 
through  a  Berkefeld  filter. 

DiFFERENTiAi,  Diagnosis  of  Smai,i,pox. 

Much  has  been  written  concerning  the  clinical  differences  between  small- 
pox and  chickenpox,  but  the  fact  remains  that  the  morphological  similarity  of 
the  two  organisms  is  borne  out  in  the  diseases  produced  by  them.  In  every 
epidemic  of  smallpox  there  are  so-called  "border  line"  cases  which  present  great 
difficulty  in  diagnosis.  Smallpox  may  occur  with  non-umbilicated  vesicles; 
chickenpox  with  eruption  on  the  palms  and  soles,  or  characterized  by  definite 
umbilicated  pustules.  "One  cannot  depend  absolutely  on  the  gross  appearance 
of  the  lesion  or  on  its  distribution"  (Tyzzer).  Since  the  mild  cases  of  small- 
pox may  give  rise  to  severe  cases  in  other  individuals,  and  since  our  control 
procedures  are  radically  different  for  the  two  diseases,  it  follows  that  a  labora- 
tory method  of  diagnosis  would  be  of  value  to  the  health  officer  especially  in 
dispute  with  physicians  unwilling  to  accept  the  bedside  diagnosis  of  smallpox. 

The  following  methods  of  laboratory  diagnosis  have  been  suggested  at  va- 
rious times : 

1.  Microscopical  examination  of  the  vesicle  contents.  According  to  Tyz- 
zer a  diagnosis  of  chickenpox  may  be  made  at  the  bedside  by  finding  the  large 
polynuclear  cells  which  he  considers  characteristic. 

2.  Excision  of  the  skin  lesion  and  histological  examination.  This  proced- 
ure presupposes  a  certain  degree  of  familiarity  with  the  not  too  constant  dif- 
ferences in  the  histology  of  the  invaded  epithelial  cells.  If  the  diagnosis  be 
made  on  tlie  basis  of  inclusion  bodies  it  m.ust  not  be  forgotten  that  very  careful 
technic  is  necessary  to  differentiate  these  extremely  similar  bodies. 

3.  Inoculation  of  the  cornea  of  a  rabbit  with  the  vesicle  contents.  In 
this  method  cover  glass  preparations  may  he  made  directly  from  the  corneal 
ulcer.  The  epithelial  cells  which  adhere  to  the  cover  glass  may  be  fixed,  stained, 
and  examined  for  inclusion  bodies.  PauP*  varies  this  technic  by  examining  the 
cornea  with  a  hand  lens  thirty-six  hours  after  scarification  in  order  to  detect 
"air  blisters"  characteristic  of  smallpox.  Failing  to  find  these  "air  blisters"  he 
enucleates  the  eyeball  at  the  end  of  forty-eight  hours  and  immerses  it  in  a  mix- 
ture of  mercuric  chloride  and  alcohol.  The  necrotic  spots  appear  as  white  cir- 
cular punctures.  Neither  the  "air  blisters"  nor  the  necrotic  spots  are  found 
when  chickenpox  material  is  used.     Paul  admits  that  the  "air  blisters"  are  easv 
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to  overlook  and  extremely  careful  technic  must  be  used  in  enucleating  the  eye- 
ball in  order  to  avoid  smearing  the  cornea  with  blood. 

4.  The  inoculation  of  a  well  vaccinated  person  with  the  contents  of  the 
vesicle.  Jenner''^  in  his  original  series  of  experiments  noted  that  a  sudden  ef- 
florescence was  produced  on  the  application  of  smallpox  material  to  the  scari- 
fied skins  of  persons  who  had  suffered  from  smallpox,  variola  inoculata,  or  vac- 
cinia. Tieche,^^  appreciating  the  technical  difficulties  of  the  usual  laboratory 
diagnosis  of  smallpox,  suggested  that  these  cutaneous  allergic  phenomena  would 
be  present  if  smallpox  vesicle  contents  were  inoculated  into  the  scarified  skin 
of  a  well  vaccinated  person,  while  no  result  would  follow  a  similar  inoculation 
with  chickenpox  vesicle  contents.  Any  danger  of  accidental  infection  could  be 
overcome  by  heating  the  suspected  material  to  70°  C.  for  five  minutes.  The 
fact  that  Kling  had  secured  typical  chickenpox  vesicles  by  arm-to-arm  inocu- 
lation did  not  disturb  Tieche  for,  in  a  later  communication,^'  he  argued  that  the 
chickenpox  vesicles  did  not  appear  for  several  days  after  inoculation  while  the 
allergic  reaction  due  to  smallpox  would  appear  in  twenty-four  to  forty-eight 
hours.  It  would  seem  that  Tieche  has  overlooked  one  very  important  factor  in 
the  production  of  cutaneous  allerg)\  Since  the  chickenpox  organism  affects  epi- 
thelial structures,  is  contained  in  the  vesicle  contents,  and  can  be  transmitted 
from  arm  to  arm,  it  follows  that  cutaneous  allergic  phenomena  are  theoretically 
possible  ni  response  to  the  varicellation  of  a  person  immune  to  chickenpox. 
Therefore,  unless  Tieche  secured  persons  for  his  test  subjects  who  had  neither 
had  chickenpox  nor  been  varicellated,  his  observations  would  be  open  to  con- 
fusion. 

5.  Inoculation  of  vaccinia  immune  rabbits  with  the  contents  of  the  ves- 
icle. This  method  suggested  by  Force  and  Beckwith"*  retains  the  simplicity  of 
the  method  of  Tieche  while  guarding  against  the  possible  error  due  to  the  use 
of  human  subjects.  Since  chickenpox  has  never  been  transmitted  to  the  skin 
of  a  rabbit,  repeated  inoculation  with  chickenpox  material  will  not  result  in 
allergic  reactions.  On  the  other  hand,  rabbits  sensitized  by  vaccination  with 
vaccine  virus  will  give  a  marked  intradermal  reaction  with  smallpox  vesicle  con- 
tents in  from  twenty-four  to  forty-eight  hours.  The  original  vaccination  may  be 
either  cutaneous  or  subcutaneous  and  the  cutaneous  allerg}-  in  some  rabbits  per- 
sists over  a  year.  The  reaction  has  been  produced  with  smallpox  vesicle  con- 
tents nine  days  after  removal  from  the  patient  which  would  allow  time  for 
transportation  to  central  laboratories  where  immune  animals  might  be  kept.  In- 
tradermal inoculation  with  0.1  c.c.  of  a  1  in  10  dilution  of  smallpox  vesicle  con- 
tents is  followed  by  the  appearance  within  twenty-four  hours  of  an  indurated 
reddened  nodule  measuring  from  10  to  25  m.m.  in  diameter.  The  reaction 
reaches  its  maximum  development  in  forty-eight  hours.  In  speed,  in  simplicity, 
and  in  the  positive  character  of  the  results  this  method  should  commend  itself 
to  the  laboratory  worker  as  a  substitute  for  the  more  exacting  technic  of  inocula- 
tion on  the  rabbit's  cornea. 
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LABORATORY  METHODS 


Methods  for  the  Determination  of  Glucose  in  the  Blood 


Method  of  Shaffer.^ 

FIVE  c.c.  of  blood  are  withdrawn  from  an  arm  vein.  A  few  grains  of  pow- 
dered potassium  oxalate  are  placed  in  the  pipette  to  prevent  clotting,  as 
suggested  by  Folin  and  Denis,  the  tip  of  the  pipette  being  inserted  in  the  rub- 
ber tubing  attached  to  the  needle.  The  blood  is  run  at  once  into  an  Erlenmeyer 
flask  of  100  to  200  c.c.  capacity  containing  25  c.c.  of  water.  The  pipette  is 
rinsed  out  twice  with  the  same  water.  If  duplicate  determinations  are  desired, 
10  c.c.  of  blood  are  drawn  and  the  amounts  of  water  and  the  other  agents  are 
doubled. 

"The  removal  of  proteins.  For  the  removal  of  proteins  the  flask,  covered 
with  a  small  watch  glass,  and  held  at  the  neck  with  a  test  tube  holder,  is  heated 
quickly  over  a  small  flame  just  to  boiling.  During  the  heating  the  flask  should 
be  rotated  gently;  evaporation  is  to  be  avoided.  A  few  drops  of  dilute  acetic 
acid  are  at  once  added  to  the  hot  liquid  to  produce  a  visible  coagulum.  Five 
c.c.  of  colloidal  iron  solution  (iron  dialyzed,  Merck)  is  next  added  and  the  mix- 
ture well  shaken,  after  which  about  0.2  gram  of  powdered  sodium  sulphate  is  add- 
ed and  the  mixture  again  shaken  for  about  ten  seconds.  The  liquid  is  then  poured 
as  completely  as  possible  into  a  50  c.c.  centrifuge  tube  and  centrifuged  at  moderate 
speed  for  one  or  two  minutes.  The  water-clear  liquid  is  then  poured  off  through 
a  small  filter  and  21  c.c.  equivalent  to  3  c.c.  of  blood  are  measured  into  another 
50  c.c.  glass  centrifuge  tube.  Twenty-one  c.c.  of  mixed  Fehling's-A.llihn  solu- 
tion is  then  added  and  the  tube  immersed  in  boiling  water,  to  the  height  of  the 
liquid  inside  the  tube,  for  ten  minutes. 

"The  centrifuge  tubes  are  of  rather  heavy  glass,  but  are  fairly  resistant  to 
even  such  sudden  changes  of  temperature.  It  is,  however,  important  that  they 
should  not  be  in  contact  Avith  metallic  supports  when  plunged  into  the  hot  wa- 
ter. I  have  found  very  satisfactory  and  convenient  for  this  purpose  circular 
racks,  made  similar  to  test  tube  racks,  but  constructed  of  'fibre  board'  which  is 
very  resistant  to  the  hot  water.  A  rack  about  15  cm.  in  diameter  has  space 
for  six  tubes  and  of  course  permits  the  heating  of  all  at  one  time." 

"On  removal  from  the  water  bath  the  tubes  are  placed  in  the  centrifuge 
(each  pair  being  balanced  by  the  addition  of  water  if  necessar}^)  and  centri- 
fugated  for  two  to  four  minutes,  which  packs  the  cuprous  oxide  in  the  bottom 
of  the  tube.  The  liquid  is  then  carefully  poured  off  as  completely  as  possible 
without  loss  of  oxide.  This  should  be  done  over  a  white  evaporating  dish  and 
in  a  light  place  which  permits  one  to  see  when  the  oxide  is  disturbed.  The 
tubes  are  then  partly  filled  with  cold  freshly  boiled  water,  the  pairs  balanced 
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and  once  more  centrifugated  for  two  or  three  minutes,  after  which  the  wash  wa- 
ter is  poured  off  as  before.  The  cuprous  oxide  may  now  be  determined  in  either 
of  two  ways,  both  of  which  are  satisfactory. 

"Colorimetric  determination  of  cuprous  oxide.  The  sediment  of  cuprous 
oxide  is  dissolved  in  the  smallest  possible  amount  of  concentrated  nitric  acid  (2 
to  10  drops)  and  then  is  diluted  with  ammonia  water  (1  part  strong  NH^OH 
to  5  parts  water)  to  such  a  volume  that  the  blue  color  is  roughly  about  the 
same  as  the  standard.  Cylinders  (10  c.c.  to  50  c.c.)  may  be  used  for  this  dilu- 
tion, though  of  course  the  reading  of  the  volume  should  be  accurately  made. 
The  unknown  is  then  read  against  the  standard  copper  solution,  the  latter  set 
at  20  m.m.  in  a  Duboscq  colorimeter. 

"The  standard  ammoniacal  copper  solution  contains  5  mgm.  of  copper  in 
10  c.c.  and  is  prepared  by  dissolving  9.82  grams  of  crystaline  copper  sulphate 
in  500  c.c. ;  10  c.c,  of  this  solution  is  diluted  to  100  c.c.  with  1  to  5  ammonia, 
which  gives  a  solution  that  may  be  easily  and  accurately  read  in  the  colorimeter. 
I  find  it  best  to  set  the  standard  at  20  m.m.,  though  from  10  to  30  m.m.  it  reads 
almost  equally  well.  The  unknown  should  be  between  the  limits  of  from  half  to 
twice  the  color  of  the  standard;  within  these  limits  the  dilution  is  without  much 
influence.  The  amount  of  copper  in  the  unknown  is  found  from  the  following 
formula : 

St.XSXv^      ^^    Cu.  found, 
R  X  10 

in  which  St.  =  reading  of  standard,  R  =  reading  of  unknown,  and  v  =  volume 
of  unknown. 

"This  method  has  been  found  quick  and  convenient,  though  not  especially 
more  so  than  the  Bertrand  titration  as  described  below.  The  results  agree  with- 
in 2  or  3  per  cent." 

"Determination  of  copper  by  Bertrand  titration.  The  washed  cuprous  oxide 
contained  in  the  centrifuge  tube  is  dissolved  by  adding  about  0.5  c.c.  of  strong 
ferric  sulphate  sulphuric  acid  solution,^  and  is  immediately  titrated  in  the  cen- 
trifuge tube  with  ^,  |-  or -^  potassium  permanganate,  depending  upon  the 
amount  of  cuprous  oxide  present.  The  small  amount  of  liquid  in  the  tube  per- 
mits a  sharp  end-point  to  the  titration  even  with  very  dilute  permanganate.  The 
permanganate  should  be  freshly  prepared  from  a  standardized  ,„  stock  solu- 
tion.    One  c.c.  of  ^    permanganate  is  equivalent  to  6.36  mgm.  of  copper. 

"Corrections  and  calculation.  Practically  all  preparations  of  Fehling's  so- 
lution deposit  small  amounts  of  cuprous  oxide  when  heated.  Blank  determina- 
tions of  20  c.c.  of  Fehling's  solution  with  20  c.c.  of  water  heated  in  a  boiling  wa- 
ter bath  for  ten  minutes  usually  yield  the  equivalent  of  about  1  mgm.  of  copper. 
Such  blank  determinations  must  be  made  on  the  solution  used  and  the  amount 
subtracted  as  a  correction. 

"For  the  conversion  of  the  result  in  terms  of  copper  into  milligrams  of  glu- 
cose the  following  table  is  used.  The  table  has  been  prepared  from  the  results 
of  a  large  number  of  determinations  of  pure  glucose  solutions.  The  amount  of 
copper  found,  minus  the  correction,  divided  by  the  corresponding  factor,  equals 
milligrams  of  glucose  in  the  blood  represented  by  the  amount  of  filtrate  used. 
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For  example,  21  c.c.  of  blood  filtrate,  representing  3  c.c.  of  blood,  gave  a  titra- 
tion of  5.5  c.c.   j^-  permanganate." 

5.5  X  1.27  =  6.99  —  1.2    (Correction)  =5.79. 

5  79  ..I- 2.19  =  2.64   mgm.   glucose   or   0.088   per    cent    in   the   blood. 

TABLE  I. 
Standard  Copper:    Glucose  Values. 

20  c.c.  of  sugar  solution  plus  20  c.c.  Fehling's  solution  heated  10  minutes  in  a 
boiling  water  bath.     Mgm.  Cu.  — divisor  =  mgm.  glucose. 

Mgm.  Mgm.  Mgm. 

Copper  Divisor  Copper  Divisor  Copper  Divisor 

0  7  1.50                     6.0  2.19  20.0  2.06 

I'O  1.60                     7.0  2.18  25.0  2.04 

l"5  170                     8.0  2.17  30.0  2.03 

2'o  1.80                     9.0  2.16  35.0  2.01 

2  5  1.90                    10.0  2.15  40.0  2.00 

a'o  2  00                    12.0  2.14  50.0  2.00 

3*5  2.10                    14.0  2.12  60.0  1.99 

4  0  2  20                    16.0  2.10  80.0  1.98 

5.0  2.20                    18.0  2.08  100.0  1.97 

Method  of  Kowarsky  as  AIgdified  by  Strouse. 

Strouse,  Stein  and  Wisely  have  recently  reported  a  modification  of  the 
Kowarsky  method  which  requires  the  use  of  only  0.5  c.c.  of  blood  for  each  de- 
termination. 

SOLUTIONS. 

L     Copper  sulphate  (pure  crystals) 8.0 

Dextrose    (C.   P.)    0.1 

Water   to    200.0 

IL     Pure  Rochelle  salts    40.0 

Sodium  hydroxide   (sticks) 30.0 

Water   to    200.0 

in.     Ferric   sulphate    10.0 

Concentrated  sulphuric  acid 40.0 

Water  to    200.0 

IV.     Potassium  permanganate    1.0 

Water  to    200.0 

V.     Liquor   ferri   oxidati   dialysati    (Merck) 5% 

VI.     Sodium  fluoride    0.2%   solution 

Also  pulverized  Rochelle  salts. 

"Solution  IV  is  used  in  a  10-fold  dilution  freshly  prepared  each  day.  It 
must  first  be  standardized  by  titration  against  oxalic  acid.  The  equivalent  of 
the  permanganate  solution  in  copper  is  obtained  by  this  titration.  Kowarsky 
recommends  the  following  technic  of  standardization.  Exactly  0.1  gm.  of  am- 
monium oxalate  is  dissolved  in  100  c.c.  of  distilled  water.  To  10  c.c.  of  this 
solution  2  c.c.  of  concentrated  sulphuric  acid  are  added.  The  diluted  permanga- 
nate solution  is  now  titrated  against  this  oxalic  solution  to  a  permanent  red  re- 
action. The  number  of  cubic  centimeters  of  permanganate  solution  is  then  made 
the  denominator  of  a  fraction  of  which  the  constant  8.95  is  the  numerator.  The 
resulting  figure  equals  the  amount  of  copper  in  milligrams  represented  by  1 
c.c.  of  the  permanganate  solution. 

Apparatus  Needed. — "1.  Several  centrifuge  tubes  of  ordinary  laboratory  size 
carefully  calibrated  and  marked  at  the  0.5,  1.0,  5.0  and  10.0  c.c.  points.     We 


Methods  for  the  Determination  of  Glucose  in  the  Blood  255 

have   found  it  advisable  to  calibrate  our  own  tubes,  as  several  supposedly  ac- 
curate tubes  showed  errors  as  high  as  40  per  cent. 

"2.     An  ordinary  laboratory  centrifuge. 

"3.     Small  Erlenmeyer  flasks — capacity  50  c.c. 

"4.     An  Allihn  filter  and  suction  pump. 

"5.     Washed  asbestos. 

"6.     Burette  of  10  c.c.  capacity  divided  into  Y-^o  c.c.  (0.05). 

"7,  Volumetric  flasks,  2,  3  and  5  c.c.  pipettes,  etc.,  as  found  in  any  lab- 
oratory. 

The  Method. — "The  sodium  fluroide  solution  is  placed  in  one  of  the  cali- 
brated centrifuge  tubes  up  to  the  0.5  c.c.  mark.  In  practically  all  of  our  work 
the  blood  from  a  finger  or  ear  prick  was  allowed  to  drop  into  the  tube  up  to  the 
1  c.c,  mark,  thus  giving  exactly  0.5  c.c.  blood.  AA'ater  is  then  added  up  to  the 
5  c.c.  mark,  a  pinch  of  pow^dered  Rochelle  salts  dropped  in,  the  whole  shaken 
and  allowed  to  stand  until  the  Rochelle  salts  are  completely  dissolved.  Then 
the  solution  of  dialysed  iron  is  added,  making  the  total  contents  of  the  tube 
exactly  10  c.c.  It  is  now  corked  and  vigorously  shaken  until  the  originally  put- 
ty-like mixture  becomes  homogeneous  and  fluid.  Centrifugalize  for  3  to  5  min- 
utes. 

"The  dialyzed  iron-blood  mixture  when  removed  from  the  centrifuge  should 
show  a  water-clear  supernatant  fluid.  Exactly  5  c.c.  of  this  clear  fluid  is 
used  in  the  copper  reduction,  which  is  performed  by  mixing  exactly  2  c.c.  of 
each  of  solutions  I  and  II  in  the  small  Erlenmeyer  flask  and  then  adding  the 
clear  filtrate. 

"The  reduction  process  must  take  place  on  an  asbestos  mesh  over  a  low 
constant  flame  and  must  continue  exactly  3  minutes  from  the  time  boiling  starts. 
While  this  is  going  on,  the  asbestos  filter  is  prepared  and  washed,  and  the  suc- 
tion pump  thereby  tested  out.  After  3  minutes'  boiling  the  Erlenmeyer  is  rap- 
idly cooled  under  the  cold  water  faucet  without  shaking,  and  the  contents  im- 
mediately poured  on  the  filter.  The  reduced  copper  oxide  remains  in  part  ad- 
herent to  the  sides  of  the  Erlenmeyer  flask  and  to  the  surface  of  the  asbestos 
filter,  and  both  flask  and  filter  must  be  carefully  washed  several  times  with  dis- 
tilled water. 

"The  funnel  is  then  disconnected  from  the  filtrate  flask  containing  the  un- 
reduced copper  sulphate  and  the  washings.  The  filtrate  flask  is  thoroughly 
cleansed  with  distilled  water  and  again  connected  up  with  the  funnel.  Three 
cubic  centimeters  of  the  acid  ferric  sulphate  solution  are  now  added  to  the 
original  Erlenmeyer  flask,  care  being  taken  that  it  is  well  distributed  over  the 
whole  of  the  inside  of  the  flask.  The  contents  of  the  flask  are  then  poured  upon  the 
asbestos  in  the  funnel  and  allowed  to  stand  one  minute.  By  this  time  all  the  re- 
duced copper  will  have  been  taken  into  solution  and  the  suction  pump  is  again 
started.  The  Erlenmeyer  flask  is  carefully  washed  3  or  4  times  with  3  to  5 
c.c.  of  distilled  water,  each  washing  being  poured  into  the  funnel  of  the  suction 
pump.  The  contents  of  the  filtrate  flask  are  then  titrated  against  the  perman- 
ganate solution  diluted  1:10.  until  a  definite  pink  color  persists. 

"The  results  are  easily  figured,  'i'hc  amount  of  permanganate  solution  in 
cubic   centimeters  is  nniliplicd  by  tiie   constant    for  this  S(4ution    (as  previously 
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determined)  and  its  equivalent  in  milligrams  of  dextrose  obtained  from  the  fol- 
lowing tabic. 


Copper 

Sugar 

Copper 

Sugar 

Copper 

SUGA 

1.95 

1.0 

3.50 

1.8 

5.00 

2.6 

2.15 

1.1 

3.70 

1.9 

5.20 

2.7 

2.35 

1.2 

3.85 

2.0 

5.40 

2.8 

2.55 

1.3 

4.05 

2.1 

5.60 

2.9 

2.75 

1.4 

4.25 

2.2 

5.75 

3.0 

2.90 

1.5 

4.45 

2.3 

5.95 

3.1 

3.10 

1.6 

4.65 

2.4 

6.15 

3.2 

3.30 

1.7 

4.80 

2.5 

6.35 

2.3 

"But  it  must  be  remembered  that  200  c.c.  of  the  original  copper  solution 
contained  100  mg.  of  dextrose,  so  that  the  2  c.c.  used  in  the  test  contained  1 
mg.  of  sugar.  When  this  is  subtracted  from  the  sugar  obtained,  we  have  just 
the  amount  of  sugar  in  the  blood.  Originally  0.5  c.c.  of  blood  was  used,  but 
only  half  the  total  (5  c.c.  filtrate)  is  used  in  the  test,  so  that  the  amount  of 
sugar  represents  that  in  0.25  c.c.  of  blood.  From  this  it  is  easy  to  determine  the 
amount  in  100  c.c.  of  blood,  by  multiplying  by  400. 

"It  is  well  here  to  call  attention  to  the  fact  that  for  the  titration  to  be  suc- 
cessful the  filtrate,  after  the  addition  of  the  dialyzed  iron  and  centrifugaliza- 
tion,  must  be  water  clear.  Two  factors  occasionally  enter  to  prevent  this.  At 
times  not  enough  Rochelle  salts  is  added  and  at  other  times  there  is  insufficient 
iron.  To  obviate  the  latter  possibility  we  have  been  in  the  habit  of  using  5  to 
6  c.c.  of  the  iron  solution.  Students  of  the  original  Kow-arsky  article  will  note 
that  he  advises  the  use  of  'Merck's  liquor  ferri  dialysati  oxidati  diluted  with 
an  equal  amount  of  water.'  However,  the  liquor  put  out  in  this  country  is  a 
5  per  cent  solution,  and  must  be  used  in  its  whole  strength.  Dilution  according 
to  Kowarsky's  technic  will  spoil  the  test.  At  times  the  iron  solution  does  not 
seem  to  maintain  a  constant  strength,  and  often  in  the  case  of  a  new  bottle  it 
will  be  found  necessary  to  use  a  little  more  or  a  little  less  than  5  c.c. — always 
being  careful,  however,  that  the  total  equals  10  c.c." 


-R.  S.  M. 
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The  Coagulation  of  the  Blood 

THE  scientific  investigation  of  the  process  of  blood  coagulation  dates  from 
the  work  of  Hewson  in  the  latter  part  of  the  eighteenth  century.  From 
his  time  down  to  the  present  many  contributions  have  been  made  to  the  study, 
but  the  exact  stages  and  factors  concerned  in  the  process  are  still  matters  of 
controversy. 

Hewson  found  that  the  formed  elements  of  the  blood  take  no  part  in  the 
formation  of  the  clot.  Buchanan  showed  that  coagulation  is  a  change  of  sol- 
uble fibrinogen  into  insoluble  fibrin  by  the  action  of  a  second  substance.  Schmidt 
concluded  that  the  process  is  the  action  of  fibrin  ferment  (thrombin)  on  fibrino- 
gen, the  ferment  being  activated  from  prothrombin  to  thrombin  by  the  action 
of  a  zymoplastic  substance  from  disintegrating  cells.  Wooldridge  laid  stress  on 
the  importance  of  disintegration  products  of  blood  platelets,  but  he  did  not  re- 
gard coagulation  as  a  ferment  action.  Green,  Arthus  and  Pages  discovered  the 
necessity  of  calcium  salts,  while  Pekelharing  and  Hammarsten  showed  that  the 
action  of  lime  salts  is  on  prothrombin  and  not  on  fibrinogen. 

These  studies  have  led  to  a  theory  which  is  generally  accepted  at  present : 
Fibrinogen,  a  soluble  proteid  of  the  plasma  is  converted  into  insoluble  fibrin  by 
the  action  of  thrombin ;  this  is  produced  after  the  blood  is  shed  by  some  precursor 
from  the  disintegration  of  leucocytes  or  blood  platelets.  Calcium  salts  are  es- 
sential to  the  process.  This  is  the  basic  theory  at  present,  but  recent  workers 
disagree  concerning  both  the  formation  of  thrombin  and  the  character  of  its 
action.  Some  maintain  that  prothrombin  is  changed  to  thrombin  by  the  action 
of  calcium  salts.  Among  these  are  Hammersten,  Pekelharing,  and  Rittger  who 
concluded  that  prothrombin  is  produced  by  the  disintegration  of  leucocytes  and 
blood  platelets.  Howell  believes  that  the  prothrombin  is  present  as  such,  but 
antithrombin  inhibits  the  action  of  the  calcium  salts  on  it.  A  more  elaborate 
theory  of  the  formation  of  thrombin  has  been  worked  out  by  Morawitz,  who 
found  that  thrombin  is  produced  by  the  action  of  thrombokinase  (from  the  dis- 
integration of  blood  platelets  and  tissues)  on  thrombogen  (a  substance  in  solu- 
tion in  plasma)  in  the  presence  of  calcium  salts.  The  difference  in  the  two 
theories  can  be  made  clearer  diagrammaticall)^ 
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The  ferment  or  non-ferment  character  of  thrombhi  is  another  point  of  dis- 
pute. IMorawitz  and  his  followers  regard  thrombin  as  a  true  ferment  because 
it  is  not  used  up  in  converting  fibrinogen  to  fibrin.  Nolf  and  Rittger,  however, 
state  that  the  action  of  thrombin  is  not  that  of  a  ferment.  According  to  Nolf, 
clotting  is  due  to  the  interaction  and  precipitation  of  colloids.  Rittger  says  fibrin 
is  a  simple  union  of  fibrinogen  and  thrombin,  and  kinases  act  as  particles  of 
foreign  matter  in  hastening  coagulation. 

The  process  of  blood  coagulation  is  still  obscure  but  the  research  in  this 
field  has  resulted  in  much  information  that  has  been  given  practical  appli- 
cation in  arresting  hemorrhage,  both  in  normal  persons  and  in  hemophil- 
iacs. Numerous  remedies  for  hemorrhage  have  been  made  use  of,  all  of  which 
have  been  found  beneficial  in  some  cases,  and  totally  inadequate  in  others.  Tan- 
nic acid,  digitalis,  ergot,  epinephrin  and  gelatine  have  been  commonly  employed. 
Gelatine  is  used  locally,  but  the  process  of  heating  it  for  sterilization  deprives 
it  of  much  of  its  action.  It  is  more  effective  given  by  mouth  when  it  is  pos- 
sible for  treatment  to  extend  over  several  months.  There  is  one  case  on  record 
where  the  blood  of  a  hemophiliac  coagulated  so  readily  after  eighteen  months' 
treatment^  that  no  blood  test  could  be  made.  Rontgeno-therapy  has  been  suc- 
cessful at  times,  but  it  has  frequently  been  misused.  Intravenous  injection  of 
sugar  solution-  is  another  method  which  has  brought  results,  its  benefit  depend- 
ing on  a  modification  of  osmosis.  It  has  the  advantage  over  salt  solution  be- 
cause it  is  nutritive,  and  over  blood  serum  because  there  is  no  danger  of  ana- 
phylaxis. 

It  was  early  observed  that  injured  tissue  cells  liberate  a  substance  which 
accelerates  coagulation,  but  whether  this  is  of  the  nature  of  thrombokinase  or 
of  a  thromboplastin  which  neutralizes  antithrombin,  is  still  undetermined.  It 
is  stated  that  the  combined  action  of  tissue  and  blood  coagulins  produces  a  great- 
er effect  on  coagulation  than  the  sum  of  their  separate  actions.  Hemophiliacs 
often  present  a  lack  of  thrombokinase  in  the  blood  but  it  does  not  always  fol- 
low that  there  is  a  corresponding  lack  in  the  tissues.  Hence  tissue  juices  from 
the  patient  himself  are  available.  These  are  used  in  connection  with  actual 
cautery  where  the  benefit  is  ascribed  to  the  necrosis  of  tissues,  and  also  in  the 
act  of  crushing  and  manipulating  tissues  around  bleeding  points.^  Tissue  ex- 
tracts, especially  of  goiter,  lymph  glands,  liver  and  others  rich  in  coagulin,  are 
employed  locally.  Experiments  on  animals*  prove  that  the  intravenous  use  of 
these  extracts  shortens  the  coagulation  time  materially,  but  this  method  ap- 
plied to  humans  has  proved  disappointing  so  far.  Tlie  danger  in  the  intravenous 
use  of  these  extracts  was  pointed  out  by  Wooldridge  who  found  that  there  is  a 
distinct  negative  phase  following  injection,  its  extent  and  duration  depending 
on  the  dosage  and  the  condition  of  the  animal.  The  negative  and  positive  phases 
are  analogous  to  those  following  the  injection  of  toxins  except  that  in  the  case 
of  tissue  extracts  the  phases  are  brought  about  within  a  few  seconds.  The  in- 
travenous injection  of  peptone  solution  affords  another  instance  of  two  oppo- 
site phases.  Immediately  after  injection,  coagulation  is  hastened.  If  death  does 
not  result  from  intravascular  clotting  there  follows  a  phase  in  which  coagula- 
tion is  retarded.  The  increase  is  thought  to  be  due  to  the  production  of  a  great 
quantity  of  fibrin  ferment  and  the  decrease  may  possibly  be  due  to  the  secretion 
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by  the  liver  of  an  excess  of  anticoagulin.  Peptone  solution  has  been  tried  as 
a  hemostatic,  but  its  use,  at  least  in  one  instance,  was  followed  by  intolerance 
and  death.^ 

In  general,  the  means  which  has  brought  the  best  results  is  that  of  supply- 
ing blood  or  one  of  its  constituents.  Dried  fibrin,  human  or  sheep,  has  stopped 
hemorrhage,  when  applied  directly.  Calcium  is  indicated  when  the  calcium  con- 
tent is  low  as,  for  instance,  in  some  forms  of  jaundice.  This  is  supplied  most 
commonly  in  the  form  of  calcium  lactate  which  is  eft'ective  given  by  mouth  when 
the  treatment  lasts  several  days."  A  prompt  though  temporary  effect  is  ob- 
tained by  intravenous  injections.  The  great  success  that  has  attended  the  em- 
ployment of  blood  is  perhaps  due  to  the  fact  that  besides  providing  new  factors 
of  coagulation  it  furnishes  also  nutrition  and  new  immune  bodies.  Blood  is 
used  in  large  quantitiets  in  the  fresh  form,  defibrinated  and  as  serum.  Defibrin- 
ated  blood  has  been  used  both  subcutaneously  and  intravenously,  the  latter 
method  being  the  most  active.  The  sera  commonly  employed  are  horse  serum,"-  ® 
even  in  the  form  of  diphtheria  antitoxin^  when  the  normal  serum  is  not  avail- 
able, and  human  serum. ^°'  ^^'  ^-  The  disadvantage  of  animal  serum  is  the  dan- 
ger of  anaphylaxis  and  of  contamination  and  loss  of  strength  if  it  has  been  pre- 
served for  any  length  of  time.  Fresh  blood  is  efficacious  if  applied  directly  to 
the  bleeding  surface.^'  More  frequently  it  is  transfused  from  another  individual 
to  the  patient.^*  This  treatment  has  been  used  to  a  great  extent  recently  for 
hemorrhage  in  the  new  born.  The  blood  is  injected  into  the  sagittal  sinus  through 
the  anterior  fontanel.  In  indirect  transfusion,  the  blood  is  received  into  an  oiled 
vessel  or  is  mixed  with  hirudin,^-^  and  it  is  then  injected  into  the  patient.  These 
procedures  retard  coagulation.  The  oiled  vessel  presents  a  surface  similar  to 
that  of  the  vessel  lining  and  the  hirudin  acts  as  an  antithrombin.  Such  a  mi- 
nute quantity  is  needed  that  it  has  no  derogatory  effects.  In  direct  transfusion 
blood  is  passed  directly  from  the  vein  of  the  donor  to  that  of  the  recipient. 
Formerly  transfusion  of  normal  blood  of  a  close  relative  was  advocated,  but  it 
is  becoming  the  custom  to  use  entirely  foreign  blood  as  this  has  often  been 
beneficial  when  the  former  proved  of  no  avail. ^"  It  seems  that  the  danger  from 
dred  transfusions  there  were  only  fifteen  instances  of  macroscopic  hemolysis, 
hemolysis  has  been  exaggerated.  One  set  of  statistics^^  shows  that  in  eight  hun- 
and  in  eleven  of  these  cases  there  was  recovery.  It  is  considered  advisable  to 
make  the  test  except  in  instances  when  the  loss  of  time  occasioned  would  prove 
dangerous. 

These  comprise  the  usual  methods  for  the  arrc-t  of  hemorrhage.  Since  the 
problem  of  coagulation  is  still  unsolved,  it  is  to  be  expected  that  seemingly  con- 
trary results  will  be  obtained  and  will  not  be  wholly  accounted  for.  However, 
much  of  the  confusion  may  be  attributed  to  lack  of  discretion  in  the  choice  of 
treatment.  More  cftort  should  be  made  to  determine  just  what  factor  of  coagu- 
lation is  missing,  or  if  all  are  present  whether  there  is  an  excess  of  antithrombin. 
For  instance,  no  amount  of  calcium  will  help  a  case  where  the  difficulty  lies 
in  lack  of  prothrombin  or  fibrinogen,  and  tissue  extracts  arc  not  indicated  un- 
less the  bleeding  is  due  to  lack  of  thrombokinase  or  excess  of  antithrombin.  One 
of  the  reasons  why  the  use  of  blood  has  met  with  such  extensive  success  is  that 
the  missing  element  whatever  it-  is,  is  supplied  from  the  normal  Itlood. 
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EDITORIALS 


Experimental  Arthritis  in  Rabbits 

AN  extremely  interesting  study  on  experimental  arthritis  in  rabbits,  published 
by  H.  K.  Faber  in  the  Journal  of  Experimental  Medicine,^  introduces  a 
novel,  and  at  the  same  time  theoretically  sound,  point  of  view  into  the  investiga- 
tion of  rheumatic  disease.  Past  inquiries  into  the  etiology  of  rheumatism  have 
largely  confined  themselves  to  attempts  to  isolate  bacteria  from  joints  or  to 
produce  experimental  infection  in  animals  by  injections  of  pure  cultures  sys- 
temically,  or  into  the  joints  themselves,  and  it  is,  of  course,  familiar  to  phy- 
sicians that  many  microorganisms  have  been  held  responsible  for  this  protean 
disease.  Loeffler-  produced  arthritis  with  streptococci  as  early  as  1884.  The 
work  of  Poynton  and  Paine"'  with  the  Gram-negative  coccus  they  held. responsible 
for  rheumatism  has  been  too  recently  under  discussion  to  need  comment.  Rose- 
now's  work  on  isolation  of  streptococci  has  called  particular  attention  to  the 
problem  of  bacterial  origin  of  the  disease,  during  the  past  two  years.  Achalme-*"' 
believed  the  etiological  factor  to  be  a  bacillus  belonging  to  the  aerogenes  cap- 
sulars group.  Many  bacteriologists  have  hesitated  to  assume  that  acute  articu- 
lar rheumatism  was  a  disease  of  uniform  bacteriological  etiolog},'  largely  for  the 
reason  that  few  experimenters  have  failed  at  one  time  or  another  to  observe 
joint  lesions  in  systemically  infected  animals  when  varituis  different  microor- 
ganisms were  the  infecting  agents.     Tt  has  seemed,   however,   that  the   relation 
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of  the  streptococci  to  the  disease  might  be  a  more  intimate  one  than  that  of 
any  of  the  other  bacteria. 

The  line  of  research  followed  out  by  Faber  was  suggested,  he  states,  by 
the  work  of  Herry^  in  1913,  who  injected  into  the  joints  extracts  of  streptococci, 
isolated  from  the  blood  in  cases  of  rheumatic  fever,,  and  fifteen  days  later  fol- 
lowed this  with  an  injection  of  the  living  bacteria.  Faber  calls  attention  to  the 
interesting  fact  that  in  many  of  the  cases  of  experimental  arthritis  produced  in 
animals  there  has  been  a  definite  incubation  period  before  the  joint  lesion  oc- 
curred, and  that  Cole,^°  Shaw,^^  and  later  Schloss  and  Foster,^-  found  that  arthritis 
in  animals  was  obtained  only  after  repeated  injections.  It  seemed  obvious  from 
this  that  sensitization  of  the  joints  to  the  microorganisms  might  be  a  factor  in 
the  selective  localization  of  the  infection.  In  his  first  experiments  Faber 
used  streptococcus  viridans  strains.  The  animals  used  were  rabbits  ranging 
from  1,200  to  1,800  grams.  When  the  bacteria  were  injected  intravenously  it 
was  found  that  no  arthritis  developed  after  one  and  two  injections,  but  that  at 
least  two  preliminary  sensitizing  doses  were  needed  before  any  of  the  rabbits 
developed  arthritis. 

In  another  series  of  experiments  he  attempted  to  sensitize  the  joints  locally. 
Suspensions  of  the  organisms  were  injected  into  the  left  knee,  using  care  not 
to  infect  the  periarticular  tissues.  The  result  was  usually  an  arthritis  which  af- 
ter two  to  four  weeks  got  well,  the  joint  contents  becoming  normal.  In  most 
cases  he  used  dead  bacteria  for  such  sensitization.  At  varying  periods  after  the 
joints  had  become  normal,  intravenous  injections  of  the  same  organisms  were 
given.  In  almost  all  of  fifteen  rabbits  gross  signs  of  arthritis  developed.  This 
seemed  to  show  that  sensitization  of  a  joint  was  possible  and  that  anthritis  might 
develop  as  a  result  of  repeated  inflammation  of  a  joint  once  sensitized  when  the 
same  bacterial  cause  was  applied.  However,  it  was  still  an  open  question  whether 
or  not  such  sensitization  w'as  specific.  Crossing  with  streptococcus  and  pneumo- 
coccus  resulted  in  failure  of  reaction.  However,  when  closely  related  strains 
of  streptococci  were  used  for  sensitization  and  subsequent  injection,  slight  re- 
actions (doubtful)  w'ere  obtained. 

The  work  is  extremely  interesting  in  showing  that  actual  sensitization  of 
a  joint  may  bring  about  a  specific  reaction  that  predisposes  to  subsequent  joint 
inflammations  when  the  homologous  organism  reinfects  the  body.  It  would  also 
suggest  that  a  number  of  different  bacteria  can  cause  arthritis,  and  that,  as 
Faber  correctly  suggests,  one  organism  is  not  always  at  fault.  That  the  strepto- 
coccus, and  chiefly  that  of  the  viridans  group,  should  be  the  one  most  common- 
ly causing  the  disease  in  human  beings  is  rather  natural  owing  to  the  relations 
of  virulence  and  resistance,  the  method  of  invasion  of  this  organism,  and  its 
common  occurrence  in  and  upon  the  human  body.  However,  Faber's  work 
opens  the  possibility  that  the  occurrence  of  rheumatism,  or  rheumatic  joint  in- 
fections, depends  not  only  upon  the  presence  of  a  microorganism  capable  of  in- 
vading the  joints,  but  of  a  previous  specific  hypersusceptibility  of  the  joint  tis- 
sues for  this  organism  caused  by  a  preceding  inflammation. 

Incidentally  the  work  of  Herry  and  of  Faber  opens  up  a  line  of  reasoning 
more  broad  than  its  strict  application  to  the  explanation  of  rheumatism.  If  his 
views  regarding  rheumatism  should  turn  out  to  be  correct,  there  is  no  reason 
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why  similar  sensitization  of  other  tissues  of  the  body  may  not  explain  in  general 
the  selection  of  various  parts  of  the  body  for  specific  injury  when  other  parts 
equally  exposed  to  invasion  by  the  microorganisms  are  spared. 

—H.  Z. 
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Origin  and  Spread  of  the  Cardiac  Impulse  in  the  Auricle 

WITH  the  discovery  that  it  is  by  the  so-called  bundle  of  His  and  Kent,  or 
the  auriculo-ventricular  bundle,  that  the  cardiac  impulse  passes  from 
the  auricle  to  the  ventricle,  interest  soon  became  aroused  as  to  the  exact  place 
in  the  auricle  at  which  the  impulse  originates.  It  had  for  long  been  known 
that,  in  the  cold-blooded  heart,  the  impulse  definiteh'  starts  at  the  sinus  venosus 
and  spreads  over  the  auricles  to  the  ventricles,  and  it  had  also  been  observed, 
in  the  mammalian  heart,  that  the  bases  of  the  large  veins,  where  these  join  the 
auricles,  are  likely  to  continue  beating  for  a  considerable  time  after  the  rest  of 
the  heart  has  ceased  to  beat. 

The  first  definite  progress  in  the  localization  of  the  site  of  origin  of  the 
beat  in  the  mammalian  heart  was  furnished  by  the  discovery  of  Keith  and 
Flack  of  a  peculiar  type  of  tissue  located  at  the  junction  of  the  superior  vena 
cava  and  the  right  auricle.  In  this  position  they  found  a  small  arter}^  which  is 
surrounded  by  fibrous  tissue  containing  numerous  peculiar  muscle  fibers,  some 
nerve  cells  and  some  nerve  fibers.  The  muscle  fibers  were  found  to  have  a 
structure  not  unlike  those  of  the  auriculo-ventricular  node.  These  anatomists 
suggested  that  it  might  be  in  this  "sinus  node"  that  the  cardiac  impulse  origi- 
nated. 

To  put  the  hypothesis  to  the  test  various  methods  have  been  employed. 
These  include:  (1)  injury  of  the  node  in  various  ways;  (2)  determination  of 
the  comparative  rhythmicity  of  strips  of  the  auricular  walls,  which  contained 
or  did  not  contain  nodal  tissue;  (3)  determination,  by  the  use  of  galvanometric 
curves,  of  the  relation  of  the  node  to  the  seat  of  origin  of  the  cardiac  im- 
pulse. The  conclusions  which  have  been  drawn  from  these  investigations  have 
not  been  entirely  in  harmony.  Lewis,  Zahn,  Meek  and  Eyster,  etc.,  have  held 
that  the  node  is  the  site  of  origination  of  the  beat,  whereas  Erlangcr  maintains 
that  the  structure  has  no  initiative  not  shared  by  other  auricular  tissue  in  the 
region  surrounding  it. 

Closely  linked  to  the  question  of  its  site  of  origin  is  that  of  the  course  of 
the  excitation  wave  in  the  auricles.  Does  it  travel  by  some  specially  provided 
path  running  between  the  sino-auricular  and  auriculo-ventricular  nodes,  or  does 
it  spread  uniformly  over  the  whole  auricle.     If  the  former  should  be  the  mode 
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of  propagation,  the  impulse  will  reach  the  auriculo-ventricular  node  before  the 
auricles  go  into  contraction.  The  importance  of  knowing  exactly  whether  this 
is  the  case  is  evident  in  connection  with  the  whole  question  of  cardiac  arryth- 
mias. 

We  shall  not  attempt  to  review  all  of  the  literature  pertaining  to  this  ques- 
tion which  has  recently  appeared,  but  will  confine  ourselves  to  the  papers  of 
Eyster  and  Meek--  ^  and  of  Lewis  and  his  pupils.^-  ^  But  to  follow  the  work 
of  these  investigators,  it  is  essential  that  we  understand  clearly  the  principles 
of  the  methods  which  they  have  employed.  These  principles  are  very  clearly 
and  simply  set  forth  in  the  recent  Harvey  lecture  by  Lewis.  Briefly  summa- 
rized the  main  points  are  these :  When  a  galvanometer  is  connected  by  means 
of  unpolarizable  electrodes  with  two  parts  of  a  denervated  muscle,  a  current 
will  be  found  to  become  established  when  a  wave  of  contraction  passes  over 
the  muscle  from  one  end  to  the  other.  The  portion  of  muscle  that  contracts 
first  becomes  electrically  negative  to  the  rest  of  the  muscle.  As  the  wave  of 
contraction  passes  along  the  muscle,  the  negativity,  as  it  is  called,  gets  less  at 
the  end  at  which  the  wave  started,  until,  when  the  wave  is  in  the  center  of  the 
strip,  neither  end  of  the  muscle  shows  any  difference  in  potential,  so  that  the 
galvanometer  will  come  to  rest.  As  the  wave  reaches  the  farther  end  of  the 
muscle,  this  in  turn  becomes  negative,  and  the  needle  will  swing  in  the  opposite 
direction.  It  is  evident,  then,  that  the  initiation  of  a  muscular  contraction  wave 
occurs  at  the  electrode  which  is  negative  first.  Another  important  observation 
is  that  the  movement  of  the  galvanometer  in  the  above  experiment  is  most 
marked  when  the  two  electrodes  are  at  the  extreme  ends  of  the  muscle;  that 
is  to  say,  the  amplitude  of  the  negative  w^ave  is  greatest  when  the  time  interval 
between  the  receipt  of  the  excitation  at  the  two  contacts  is  greatest. 

The  application  of  these  facts  to  the  study  of  the  initiation  of  the  beat  in 
the  auricle  requires  that  we  should  consider  one  other  proposition,  namely, 
this :  If  a  pair  of  contacts  be  arranged  in  the  center  of  a  circular  sheet  of 
muscle,  and  the  edge  of  this  sheet  be  stimulated  at  different  points,  the  ampli- 
tude of  deflection  on  the  galvanometer  will  be  greatest  w^hen  the  contacts  are 
radial  to  the  points  of  stimulation,  for  under  these  conditions,  it  is  evident  that 
the  greatest  possible  interval  will  exist  between  the  arrival  of  the  wave  at  the 
two  contacts. 

Before  proceeding  to  consider  the  manner  in  which  these  principles  may 
be  applied  in  the  location  of  the  pacemaker  of  the  heart,  it  is  important  to 
call  attention  to  the  methods  which  have  been  employed  to  ascertain  exactly 
the  positions  at  which  the  electrodes  were  placed  on  the  auricle.  In  Eyster 
and  Meek's  work  the  point  of  application  of  the  electrodes  was  marked  by 
ligatures,  and  after  the  experiment  was  over,  the  heart  was  examined  micro- 
scopically so  as  to  locate  exactly  the  position  of  the  ligatures.  Lewis  was  even 
more  careful.  Scale  drawings  were  made  of  the  auricle  during  the  experiment, 
certain  landmarks  being  employed  so  as  to  locate  the  exact  position  of  the 
electrodes.  After  the  experiment,  the  auricular  portion  of  the  heart  w^as  hard- 
ened, dehydrated  and  embedded  en  masse  in  paraffin.  The  impregnated  auricle 
was  then  compared  wath  the  original  scale  drawing  and  a  new  drawing  was 
made,  upon  which  the  chief  muscular  bands  of  the  auricle  were  sketched  in  their 
relationship  to  points  of  application  of  the  electrodes. 

Regarding  the  point  of  origin  of  the  heat  the  following  facts  indicate  that 
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it  is  in  the  sino-auricular  node.  First,  when  the  contour  of  the  wave  is  com- 
pared in  electrocardiograms  taken  with  the  two  electrodes  applied  at  different 
parts  of  the  auricle,  it  is  always  found  that  the  greatest  amplitude  of  movement 
is  obtained  when  the  line  joining  the  electrodes  converges  to  the  sino-auricular 
node.  From  experiments  with  the  circular  sheet  of  muscle  above  alluded  to,  it 
is  evident  that  the  stimulus  to  produce  this  condition  must  arise  in  the  neigh- 
borhood of  the  node. 

Second,  if  one  electrode  be  placed  on  the  sino-auricular  node  and  another 
electrode  moved  about  from  place  to  place  on  the  auricle,  the  electrode  on  the 
node  is  always  negative  to  the  other.  This  is  not  the  case  if  the  electrodes  are 
on  any  other  parts  of  the  auricle. 

Third,  by  comparing  normal  electrocardiograms  from  lead  2  (i.  e.,  when 
the  right  fore  limb  and  the  left  hind  limb  are  connected  with  the  galvanometer) 
with  electrocardiograms  taken  when  beats  are  started  by  applying  artificial  stim- 
ulation to  the  various  parts  of  the  auricle,  it  is  found  that  the  normal  curve 
is  obtained  only  when  the  stimulated  part  is  in  the  neighborhood  of  the  sino- 
auricular  node.  This  is  particularly  noticeable  in  the  case  of  the  P-wave,  which 
is  the  characteristic  auricular  wave,  and  is  obtained,  after  artificial  stimulation 
of  the  auricle,  only  when  this  stimulation  is  at  the  sino-auricular  node.  If  the 
stimulation  be  at  the  appendix  or  at  the  superior  vena  cava,  the  P-wave  is  dis- 
torted although  the  other  waves  appear  normal. 

Fourth,  by  taking  simultaneous  electrocardiograms  from  a  direct  lead  on 
the  auricle  and  a  standard  limb  lead  (Lead  2,  for  example)  and  determining,  by 
exact  methods  of  mensuration,  the  time  of  onset  of  the  excitation  wave,  rela- 
tive to  P  in  the  standard,  in  various  regions  of  the  auricle,  it  is  found  that  the 
first  appearance  of  the  excitation  wave  occurs  earlier  when  one  electrode  is 
over  the  upper  end  of  the  sino-auricular  node,  and  that,  in  other  regions  of  the 
auricle,  it  always  appears  at  a  later  interval. 

Fifth,  careful  examination  of  electrocardiograms  from  different  parts  of 
the  auricle  shows  that  the  main  wave  of  negativity  is  sometimes  preceded  by 
slight  positive  waves,  that  is,  waves  that  dip  below  the  base  line.  It  will  fur- 
ther be  noticed  that  the  waves  showing  no  initial  deflection  are  always  obtained 
when  one  electrode  is  on  the  sino-auricular  node.  Lewis  and  his  pupils,  who 
have  investigated  this  point,  have  come  to  the  conclusion  that  the  deflection 
waves  preceding  the  main  wave  of  negativity  are  really  due  to  extrinsic  influ- 
ences acting  on  the  electrodes.  In  other  words,  the  electrodes  pick  up  electric 
discharges  from  distant  areas  of  muscle,  while  these  are  in  a  condition  of  con- 
traction. Thus,  if  electrocardiograms  be  taken  from  two  leads  on  the  auricular 
appendix,  a  very  distinct  initial  deflection  will  precede  the  main  wave  of  neg- 
ativity. If  now  the  base  of  the  appendix  be  crushed  so  that  no  wave  of  con- 
traction can  reach  the  appendix,  the  wave  of  negativity  will  disappear  (that  is 
to  say,  the  intrinsic  deflection),  but  the  initial  or  extrinsic  deflection  wave  will 
remain,  being  conducted  to  the  electrode  from  a  distant  part  of  the  auricle. 
"All  curves  from  leads  at  a  distance  from  the  sino-auricular  node  or  outlying 
leads,  as  we  may  call  them,  therefore  give  curves  of  a  more  or  less  composite 
form ;  consisting  of  a  main  deflection,  which  corresponds  to  the  arrival  of  the 
excitation  process,  and  diminutive  initial  deflections  which  are  due  to  the  pas- 
sage of  other  portions  of  the  auricular  muscle  into  the  excitatory  state."  From 
these  considerations  it   follows  that  the  interval  between  the  intrinsic   and  ex- 
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trinsic  deflections  should  be  longest  in  leads  that  are  farthest  from  the  node, 
and  that  they  should  approach  as  one  of  the  contacts  approximates  the  node, 
until  over  this  structure,  the  extrinsic  deflection  is  no  longer  recorded.  Such 
has  been  found  to  be  the  case.  The  importance  of  these  observations  rests  on 
the  fact  that  previous  observers  have  not  sufficiently  regarded  the  influence  of 
extrinsic  deflections  in  interpreting  the  curves. 

Taking  all  these  facts  together,  then,  there  remains  not  the  shadow  of  a 
doubt  that  the  beat  of  the  heart  originates  in  the  upper  club-shaped  extremity 
of  the  sino-auricular  node.  So  far  as  we  are  aware,  the  only  authority  who 
has  disputed  this  conclusion  is  Erlanger,  who  has  pointed  out  that  a  very  feeble, 
undetectable  negativity  might  originate  somewhere  near  the  node,  but  only  be- 
come sufficiently  pronounced  to  show  itself  when  it  affected  the  more  reactive 
tissue  of  which  the  node  is  composed.  Eyster  and  Meek  have  tried  to  remove 
this  objection  by  showing  that  similar  results  to  those  recorded  from  the  out- 
side of  the  auricle  are  obtained  when  the  electrodes  are  applied,  not  to  the  ex- 
terior wall  of  the  auricle,  but  to  its  endocardiac  surface. 

It  is  important  to  note  that  Eyster  and  Meek'^  have  conclusively  demon- 
strated the  unreliability  of  using  observations  from  the  dying  mammalian  heart 
for  the  purpose  of  determining  the  site  of  origin  of  beat.  It  is  of  course  well 
known  that  the  power  of  contraction  remains  in  the  venous  and  auricular 
regions  for  a  considerable  time  after  the  ventricles  have  ceased  to  beat.  This 
part — the  ultimuni  moricns— in  most  hearts  is  situated  somewhat  lower  than 
the  sino-auricular  node.  Though  this  is  the  last  part  of  the  heart  to  cease  con- 
tracting, that  does  not  mean  that  it  is  the  part  of  the  heart  in  which  the  beat 
ordinarily  originates.  It  simply  means  that  it  is  the  part  of  the  auricle  in  which 
the  power  of  contraction  remains  for  the  longest  time  after  death. 

The  course  of  the  excitation  zvave  in  the  auricle  and  the  rate  of  its  con- 
duction.-— This  can  be  determined  by  two  methods,  which  we  may  call  the  di- 
rect and  the  indirect.  In  the  direct  method  a  series  of  pairs  of  contacts  is 
placed  on  the  auricle,  each  pair  being  in  a  radial  direction  to  the  sino-auricular 
node.  The  time  at  which  the  excitatory  process  arrives  at  that  contact  of  each 
pair  which  is  proximal  to  the  sino-auricular  node  is  then  accurately  determined 
from  the  galvanometric  record.  The  exact  distance  between  the  contacts  and 
the  sino-auricular  node  is  now  measured  and  from  the  data  the  average  trans- 
mission time  is  estimated. 

In  the  indirect  method  the  onset  of  the  negative  wave  from  dififerent  leads 
is  compared  against  a  standard.  Considerable  difficulty  has  been  experienced 
in  finding  a  suitable  standard  for  this  purpose.  Eyster  and  Meek  have  used 
the  mechanical  systole  of  the  auricle,  that  is  to  say,  they  compare  the  onset 
of  negativity  in  any  region  with  mechanical  systole  of  the  right  auricle.  The 
chief  objection  to  this  method  is  the  great  difficulty  of  knowing,  from  the  me- 
chanical record,  the  exact  moment  at  which  this  act  starts.  Lewns  and  his 
pupils  have  also  used  an  indirect  method  (Sanderson's)  which,  however,  is  too 
•complicated  for  description  here.  It  is  admitted  by  Lewis,  however,  that  this 
indirect  method  is  applicable  only  when  the  contacts  are  strictly  in  line  with  the 
sino-auricular  node,  that  is  to  say,  on  the  taenia  terminalis. 

The  results  of  the  above  investigators  are  not  in  entire  harmony  with  re- 
gard, either  to  the  relative  rate  of  propagation  of  the  wave  to  dififerent  portions 
of  the  auricle,  or  to  the  actual  rate  at  which  the  wave  travels.     Lewis  maintains 
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that  the  transmission  rates  are  uniform  from  the  node  to  all  parts  of  the  auricle, 
with  the  exception  of  the  superior  vena  cava,  in  which  the  rate  is  considerably 
lower.  One  thousand  millimeters  per  second  represents  very  fairly  the  average 
rate  at  which  the  wave  travels.  Eyster  and  Aleek,  on  the  other  hand,  state 
that  the  wave  is  propagated  throughout  the  sinus  node  and  spreads  to  the  con- 
tiguous venous  region  and  to  the  auriculo-ventricular  node  with  considerable 
rapidity — reaching  the  mouth  of  the  superior  vena  cava  in  0.01  second  or 
less — whereas  its  passage  to  the  auricle  takes  longer,  namely,  0.02  second. 
There  is,  therefore,  a  delay  in  the  passage  of  the  wave  to  the  auricle,  which  in- 
dicates that  the  excitation  must  spread  to  the  auriculo-ventricular  node  before 
involving  the  right  atrium.  They  conclude :  "This  leads  to  the  inevitable  con- 
clusion that  the  cardiac  impulse  spreads  to  the  ventricle  and  to  the  right  auricle 
by  different  paths,  and  does  not  pass  to  the  ventricle  through  the  auricle^  as 
ordinarily  stated." 

Lewis  and  his  collaborators  place  great  emphasis  on  the  fact  that  the  de- 
termining factor  in  the  spread  of  the  excitation  wave  is  the  disposition  of  the 
auricular  muscle  fiber.  In  their  heart  specimens,  as  above  described,  they  could 
show  clearly  that  the  muscle  fibers  all  radiate  in  a  curious  fan-shaped  manner, 
from  a  point  which  lies  immediately  below  the  sino-auricular  node,  to  all  parts 
of  the  superficies  of  the  right  heart.  They  have  named  this  the  concentration 
point.  At  the  end  of  the  vena  cava  the  muscle  fibers  are  arranged  more  or 
less  circularly,  which  may  explain  the  delay  in  transmission  which  these  authors 
found  at  this  place.  The  results  of  their  investigations  may  therefore  be  summed 
up  by  stating  that  the  excitation  wave  in  the  auricle  spreads  in  the  same  manner 
as  a  fluid  poured  upon  a  flat  surface  would  spread.  Its  edge  advances  in  an 
ever  widening  circle  until  the  whole  surface  is  covered,  and  the  rate  of  spread 
is  approximately   1000  millimeters  per  second. 
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Nervous  Influences  and  Edema 

THE  conception  that  the  nervous  system  plays  a  major  rule  in  such  con- 
ditions as  inflammation  and  edetua.  is  a  widely  held  one,  chiefly  perhaps 
because  there  has  been,  until  very  recent  times,  no  other  explanation  which 
could  be  offered.  And  yet  there  seems  to  be  modern  evidence  tiiat  tiie  nervous 
system  plays  onlv  a  minor  role  in  either  process;  that  it  plays  no  essential  part 
in  their  production,  btit  merely  increases  or  decreases  the  rapidity  of  their 
courses.  In  the  absence  of  nervous  impulses,  either  process  will  follow  its 
normal  course   although  that  may  be  lengthened.^ 

In  a  recent  article  Hcitz  and  Dejong-  discuss  the  relation  between  nervous 
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influences  and  edema.  They  commence  by  saying  that  Vulpian  showed  that 
section  of  nerves  is  accompanied  by  vaso  dilatation  which  facilitates  serous 
transudation  and  infiltration  of  the  tissues.  They  mention  the  experiments  of 
Claude  Bernard,  Ranvier  and  others  which  perhaps  form  the  basis  of  the  neu- 
rogenic conception  of  edema.  They  call  attention  to,  clinical  experiences,  in  the 
neuritides,  infections,  myelitides,  encephalitides,  and  other  types  of  cerebral 
lesions  in  which  edema  occurs,  which  seem  to  substantiate  the  neural  concep- 
tion. They  have  collected  many  facts  which  as  they  say  lead  to  the  conclusion 
that  edema  is  only  a  manifestation  of  the  accumulation  in  the  tissues  of  re- 
tained chlorides.  They  say  that  the  facts  lead  to  the  conclusion  that  edema  is 
a  manifestation  of  the  accumulation  in  the  tissues  of  chlorides  which  are  not 
eliminated  by  the  kidneys  and  that  vaso-dilatation  has  only  the  effect  of  in- 
fluencing their  distribution  in  the  tissues.  But  this  is  not  the  interesting  fact 
that  merits  most  attention,  for  whether  chloride  retention  is  the  cause  of  edema 
or  not,  is  a  matter  of  much  discussion  with,  we  think,  the  best  evidence  in  the 
negative.^  The  essential  fact  that  is  brought  out  by  Heitz  and  Dejong  is  that 
the  nervous  S3'stem  is  not  an  important  mechanism  in  edema.  A  nervous  system 
lesion,  they  say,  is  powerless  to  cause  edema.  And  when  edema  arises  in  the 
course  of  a  disease  of  the  nervous  system,  it  calls  attention  to  the  presence  of 
a  coincident  renal  or  cardiac  abnormality  which  up  to  the  time  of  observation 
had  remained  unnoticed. 

These  conclusions  rest  upon  the  observations  of  cases,  which  are  quoted, 
of  cerebral  lesions  accompanied  by  hemi-edemas,  and  the  authors  state,  it  is 
just  such  cases  wliich  have  formed  the  main  basis  of  the  neural  doctrine  of 
edema. 

Just  why  the  edema  should  affect  the  paralyzed  limbs  is  not  stated.  It 
might  be  suggested  that  the  cause  of  this  is  the  decreased  circulatory  activity 
in  the  affected  tissues,  which  prevents  normal  oxidative  processes  and  which 
also  shows  the  rate  of  removal  of  waste  materials. 

^Woolley:      Jour.    Amer.    Med.    Assn.,    1914    (63)    2279;    also    Centr.    f.    allg.    Path.,    1915    (26)    218. 

^Heitz   and   Dejong:      Arch.    d.    Mai.    du    Coeur,    1915    (8)    148. 

'For   the    arguments    see    Fischer:      Oedema    and    Nephritis,    iSew    York,    1913     p.    525,    529,    etc. 

—P.  G.  W. 


Ethylhydrociiprein  and  Pneumococci 

HENRY  F.  MOORE,  working  at  the  Rockefeller  Institute  for  ^Medical  Re- 
search,^ has  again  studied  the  bactericidal  effect  of  ethylhydrocuprein  on 
pneumococci.  This  substance  was  first  introduced  by  Morgenroth^  who  found 
that  it  had  a  more  or  less  specific  antagonistic  action  for  pneumococci.  The  same 
results  were  achieved  by  A.  E.  Wright"  and  others,  and  ]\Ioore's  observations 
further  confirm  them.  Moore  used  rabbits  as  his  test  animals.  He  gave  these 
animals  subcutaneous  injections  of  ethylhydrocuprein,  dissolved  in  distilled  water 
or  sterile  olive  oil,  finding  that  a  dose  of  0.1  gram  per  kilo  of  body  weight  was  well 
tolerated.  It  appears  from  his  protocols  that  doses  exceeding  this  amount  usually 
were  toxic.  An  animal  receiving  0.2  grams  per  kilo  showed  severe  toxic  symp- 
toms, as  did  one  receiving  0.15.  Animals  receiving  0.125  in  several  cases  showed 
"a  tendency  to  lie  quiet  for  some  hours  after  the  injection."  When  the  base 
of  the  drug,  dissolved  in  oil,  was  given  intramuscularly  it  was  more  toxic  than 
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when  given  subcutaneously,  and  the  bactericidal  effect  on  the  pneumococci 
noted  in  the  serum  was  neither  so  prolonged  nor  intense  as  when  the  drug  was 
subcutaneously  administered.  The  tolerance  for  the  drug  was  greatest  when  the 
hydrochloride,  dissolved  in  distilled  water,  was  put  into  the  stomach,  but  there 
were  practically  no  bactericidal  effects  noted  in  the  serum  in  these  cases. 

The  serum  of  animals  treated  with  ethylhydrocuprein  subcutaneously,  ex- 
erted a  distinct  bactericidal  action  on  pneumococci.  The  eff'ects  were  greatest, 
as  stated  before,  when  the  base  (optochin  base)  was  given  subcutaneously  in  oil. 
The  intravenous  route  was  found  to  be  very  toxic,  and  even  in  such  cases  the 
effects  were  not  prolonged.  Bactericidal  action  of  the  serum  was  at  its  high- 
est point  about  an  hour  after  the  drug  had  been  given.  When  given  to  man 
by  mouth  in  doses  of  0.5  grams  (of  the  ethylhydrocuprein  hydrochloride), 
no  toxic  symptoms  occurred.  The  same  dose  given  in  sterile  distilled 
water  subcutaneously  had  no  serious  effects,  though  slight  pain  in  the  legs, 
a  slight  rise  of  temperature,  and  a  little  hyperemia  at  the  site  of  injection  oc- 
curred in  one  case;  in  the  other  case  there  was  a  slight  headache,  with  similar 
infiltration  around  the  area  of  injection,  which  disappeared  within  a  few  days. 
The  serum  of  individuals  to  whom  such  a  single  dose  of  the  drug  had  been  given 
had  a  definite  inhibitory  effect  on  pneumococcus  growth  which  lasted  for  a  num- 
ber of  hours,  the  bactericidal  action  being  much  more  feeble  than  in  the  case  of 
the  rabbits. 

Moore,  very  wisely,  draws  no  conclusions  concerning  the  therapeutic  pos- 
sibilities of  the  drug  in  pneumococcus  infections,  but  states  the  facts  as  he 
found  them.  It  would  seem  that  his  experiments  definitely  confirm  the  claim 
that  this  substance  lends  a  decided  bactericidal  power  for  pneumococci  to  the 
serum  of  animals  and  of  man  receiving  it,  but  the  small  margin  between  ef- 
fective amount  and  toxic  dose  and  the  short  duration  of  the  bactericidal  eff'ects 
would  seem  to  indicate  that  in  the  present  form  no  great  therapeutic  develop- 
ments can  be  hoped  for. 

^Jour.    of    Exper.    Med.,    Nov.    1,    1915,    xxii,    p.    551. 
2Berl.    klin.    Wchnschr.,    1911,    xlviii,    1560,    1979. 
^Lancet,    1912,    ii,    p.     1633,    1701. 

—H.  Z. 


Intestinal  Stasis 


INTESTINAL,  stasis  is  fundamentally  a  mechanical  problem,  no  matter  what 
its  sequelae  may  be,  and  it  is  the  mechanical  problem  that  one  must  solve 
if  one  is  to  understand  the  underlying  causes.  A  healthy,  normal  bowel  w  ill  not 
permit  of  stasis,  but  will  carry  on  its  motor  functions  with  case  and  regularity. 
When  one  says  normal  bowel,  one  postulates  normal   conditions  of  living. 

But,  it  happens,  stasis  of  greater  or  less  degree  occurs  in  individuals  who 
are  living  an  apparently  normal  existence.  No  longer  is  the  regularity  of  the 
gut  maintained ;  no  longer  is  its  function  carried  on  automatically.  To  account 
for  these  abnormal  states  it  is  said  that  the  musculature  of  the  bowel  has  lost 
its  tonicity,  which  means  that  it  is  not  able  to  contract  as  powerfully,  or  that  it 
does  not  contract  rhythmically  as  it  should.  It  is  said  that  kinks  occur  (con- 
genital or  acquired)    and   that   these,   usually   due   to   bands   or   adhesions,   pre- 
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vent  the  even  progress  of  the  intestmal  contents  to  their  normal  destination.  As 
a  result  of  such  a  condition,  the  intestine  becomes  dilated,  the  muscle  fatigues 
so  that  it  no  longer  is  able  to  do  its  duty,  and  then  absorption  of  bacteria  or 
toxic  substances  takes  place  with  subsequent  damage  to  health.  \\'hen  such 
anatomic  distortions  are  severe,  they  interfere  with  the  functions  of  the  bowel, 
no  doubt,  but  when  they  are  less  severe,  and  this  is  the  rule,  they  do  not  in- 
terfere to  any  great  extent  with  the  motor  functions,  and  since  in  very  many 
cases  there  is  no  external  or  visible  reason  for  the  stasis,  something  intrinsic 
must  have  gone  wrong.     To  say  that  the  muscle  is  atonic  means  nothing. 

Recently  Keith^  has  given,  in  the  Cavendish  Lecture,  a  possible,  and  plaus- 
ible explanation  of  stasis  which  reaches  deeper  into  the  subject  than  any  other 
one.  It  will  be  remembered  that  Keith  has  studied  intensively  the  "nodal"  and 
"bundle"  tissues  of  the  heart,  and  that  upon  his  researches  with  those  of  other 
writers  our  working  knowledge  of  the  controlling  muscular  mechanism  of  the 
heart  is  based.  Keith  has  interested  himself  more  recently  in  that  part  of  the 
gastro-intestinal  tract  which  he  believes  is  analogous  to  the  cardiac  controlling 
system.  This  is  the  myenteric  (Auerbach's)  plexus.  This  plexus  Keith  has 
studied  in  a  large  series  of  human  specimens  as  well  as  others  taken  from 
various  other  mammals,  and  his  studies  have  convinced  him  that  it  is  not  a 
simple  structure  composed  merely  of  nerve  fibres  and  nerve  cells.  These  it 
contains,  but  besides  these,  are  branching  intermediate  cells  which  appear  to 
become  continuous  with  processes  of  certain  groups  of  muscle  cells  on  the  one 
hand,  and  with  the  branched  processes  of  ganglionic  cells  contained  in  the  nerve 
fibres  of  the  plexus,  on  the  other. 

Upon  the  basis  of  these  observations,  Keith  conceived  the  idea  that  the 
myenteric  plexus  is  analogous  to  the  nodal  and  conducting  system  of  the  heart ; 
— that  as  in  the  heart  the  efferent  nerves  which  influence  the  contractive  tone 
and  rhythm  of  the  bowel  end,  not  in  the  muscle,  but  in  the  myenteric  plexus, 
which  in  its  turn  effects  the  contractions  of  the  musculature  of  the  gut. 

In  the  course  of  his  researches  Keith  found  that  there  are  certain  points 
in  the  course  of  the  gastro-intestinal  tract  where  the  conducting  system  is  col- 
lected into  rather  larger  masses  than  is  the  general  rule.  The  points  corre- 
spond to  the  nodes  of  the  heart.  Such  nodes  were  found  at  the  gastro-esopha- 
geal  junction,  where  gastric  contractions  are  initiated;  in  the  ileo-caecal  region; 
and  in  the  rectum.  There  appears  also  to  be  an  initiator}^  point  in  the  duode- 
num proximal  to  the  entrance  of  the  common  bile  duct.  From  each  of  these 
areas  the  fibres  of  the  myenteric  plexus  seem  to  extend  distally.  Between  each 
of  these  areas  the  rhythm  gradually  decreases. 

In  applying  these  observations  to  intestinal  stasis  Keith  says  that  "in  pass- 
ing along  the  alimentary  tract,  food  is  propelled  through  a  series  of  zones  or 
segments,  each  furnished  with  its  own  pacemaker  and  its  own  rhythmic  con- 
tractions. In  the  heart  we  find  two  such  zones — an  auricular  and  a  ventricular; 
in  the  normal  heart  the  sino-auricular  node  is  the  master  pacemaker.  But  a 
block  or  imperfection  in  conduction  may  occur  between  the  two  zones  of  the 
heart,  with  the  result  that  'back  pressure' — a  venous  stasis  is  produced.*'  He 
supposes  that  irregularities  may  occur  in  the  same  way  in  the  nodal  and  con- 
ducting mechanism  of  the  alimentary  canal,  and  when  they  do,  he  finds  that 
they  occur  where  they  should  be  expected — at  points  where  one  rhythmical 
zone  passes  into  the  succeeding  one.     Blocks  are  found  at  the  gastro-esophageal 
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junction,  at  the  second  part  of  the  duodenum,  at  the  duodeno-jejunal  junction, 
at  the  ileo-colic.  Not  only  must  these  nodes  be  healthy  but  they  and  their 
rhythmic  zones  must  be  closely  co-ordinated.  Disturbance  in  any  one  segment 
upsets  the  rhythm  in  all  segments.  Distention  of  the  duodenum  inhibits  the  ac- 
tion of  the  ileum;  duodenal  disturbances  upset  the  rhythm  of  the  stomach;  dis- 
ease of  the  myenteric  tissue  of  the  caecum  will  produce  abnormalities  in  the 
movements  of  the  lower  ileum. 

Finally  Keith  says  that  radiograms  have  failed  to  produce  evidence  of  ob- 
struction situated  at  bands  or  kinks ;  there  is  no  hypertrophy  of  the  muscular 
coats  above  the  bands  or  kinks ;  and  where  acute  flexures  are  produced  experi- 
mentally, stasis  does  not  result.  On  the  other  hand,  there  is  good  evidence 
which  points  to  a  gross  derangement  in  the  action  of  the  musculature  of  the 
whole  colon  in  stasis  of  the  great  bowel. 

In  this  material  of  Keith  we  have  for  the  first  time  a  truly  physiologico- 
anatomic  reason  for  stasis,  but  a  reason  which  must  be  studied  and  confirmed. 
If  there  is  such  a  conducting  and  co-ordinating  neuro-muscular  (myenteric) 
mechanism,  how  is  it  deranged?  In  the  heart  we  find  that  a  block  may  arise 
because  of  a  lesion  of  one  of  the  nodes,  or  of  the  branches  of  the  bundle  itself, 
or  of  the  myocardium  alone.  These  lesions  may  be  the  result  of  inflammations 
or  degenerations.  Edemas  of  the  tissues  or  cellular  infiltrations  of  the  tissues 
about  the  bundle  may  act  by  compressing  it ;  drugs  carried  to  the  bundle  by 
the  blood  may  modify  it ;  and  influences  acting  by  way  of  the  vago-sympathetic 
system  may  increase  or  decrease  its  powers  of  conduction.  It  is  perfectly  pos- 
sible that  in  acute  intestinal  infections  the  myenteric  plexus  is  temporarily  dam- 
aged, and  that  in  chronic  inflammatory  processes  it  is  permanently  afifected  so 
that  the  normal  rhythm  is  interfered  with  so  that  perhaps,  as  in  the  heart,  only 
■every  other  impulse  to  contraction  is  effective.  And  so  one  might  proceed  in 
drawing  the  analogy.     Keith's  is  a  very  suggestive  work. 

^Keith:      I.aiicet,    1915    (2)    371.      See    also    Brit.    J.    Surg.,    1915    (2)    576. 

—P.  G.  IV. 


Death  by  Hanging 

IN  hanging  death  is  generally  assumed  to  be  due  to  asphyxia,  although  in  a 
small  per  cent  of  the  cases  of  ofiicial  execution  by  this  method  the  neck 
may  be  broken,  and  in  some  rare  instances  still  greater  injury  to  the  tissues, 
both  the  soft  and  the  bony  parts,  may  be  done.  Indeed,  there  are  recorded 
cases  in  which  the  head  has  been  completely  severed  by  hanging,  the  interval 
between  the  drop  and  death  is  quite  variable,  depending  upon  the  completeness 
with  which  the  windpipe  is  closed  and  the  distance  of  the  drop.  In  old  people 
there  may  be  some  ossification  of  the  trachea,  and  this  quite  naturally  would  in- 
terfere with  the  action  of  the  ligature,  and  death  would  be  slow  in  jM-oportion  to 
the  extent  of  the  hardening  of  the  tissue.  Displacement  of  the  second  cervical 
vertebra  occurs  rarely,  but  has  been  observed  when  corpulent  persons  are  ex- 
ecuted, or  when  a  long  drop  is  given.  'Vhc  location  of  the  noose  has  something 
to  do  with  the  speediness  with  wliicli  dealh  results.  When  the  cord  is  placed 
below  the  cricoid  cartilage  asphyxiation  follows  more  speedily  tluni  when  pres- 
sure is  made  upon  the  larynx,  because  with  the  ligature  in  the  former  location 
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the  ail-  is  more  completely  shut  off.  With  the  ligature  properly  placed  and  with 
a  drop  of  six  or  more  feet,  death  by  hanging  appears  to  be  practically  instanta- 
neous, and  free  from  physical  suffering.  It  is  true  that  in  practically  all  cases 
of  legal  execution  by  hanging  there  are  violent  movements  or  convulsions  of 
the  trunk  and  extremities  after  the  body  drops,  but  these  are  probably  uncon- 
scious and  unaccompanied  by  pain.  When  compression  of  the  windpipe  is  com- 
plete and  the  weight  of  the  entire  body  is  placed  on  the  cord,  death  certainly 
occurs  within  two  or  three  minutes,  and  after  this  time  resuscitation  is  impos- 
sible. In  many  cases  of  attempted  suicide  by  lianging,  resuscitation  may  be 
brought  about  after  a  much  longer  period,  but  in  these  instances  the  loop  has 
not  been  adjusted  with  skill,  and  in  the  great  majority  of  them  the  body  is 
partially  supported  in  some  w^ay. 

Descriptions  of  the  external  appearances  after  death  by  hanging  have  for 
the  most  part  been  taken  from  observations  made  at  legal  executions,  and  in 
these  cases  the  face  is  livid,  frequently  distorted,  sometimes  swollen.  The  eyes 
are  glaring,  red.  and  sometimes  markedly  protruding  from  their  cavities.  The 
tongue  is  swollen  and  either  protruding  or  clenched  between  the  teeth.  A 
frothy  mucus,  stained  with  blood,  drops  from  the  mouth,  the  line  of  the  cord 
around  the  neck  is  marked,  showing  in  many  instances  laceration  of  tissue,  and 
in  others  numerous  ecchymoses.  The  hands  are  clenched,  and  the  lower  limbs 
usually  flexed.  While  these  appearances  are  quite  marked  and  constant  in 
cases  of  legal  execution  by  hanging,  they  are  usually  much  less  distinct  when 
suicide  has  been  attempted  by  this  method.  In  suicidal  cases  the  face  is  fre- 
quently pale.  There  may  be  no  protrusion  of  the  eyes.  The  line  of  the  cord 
varies  greatly,  and  in  proportion  to  the  weight  placed  upon  it.  If  the  body  be 
partially  supported  the  cord  may  leave  but  slight  evidence  of  its  location.  The 
nature  and  width  of  the  cord  markedly  influence  the  extent  to  which  violence 
to  the  tissue  is  done.  If  a  suicide  hangs  himself  with  a  towel,  there  may  be  in 
fact  no  noticeable  mark  about  the  neck.  While  the  hands  are  usually  clenched 
in  legal  execution  by  hanging,  this  is  by  no  means  universally  the  case  in  suicides. 

On  postmortem  examination  after  death  by  hanging  there  is  found  in  all 
the  abdominal  and  thoracic  organs  and  in  the  brain,  as  well,  marked  venous  con- 
gestion, and  as  is  true  in  other  forms  of  death  from  asphyxiation,  the  right  side 
of  the  heart  is  more  commonly  distended  and  more  completely  filled  than  the 
left  side,  and  the  blood  in  the  heart  is  frequently  fluid,  although  this  is  not  con- 
stantly the  case.  Venous  congestion  is  often  marked,  and  cerebral  hemorrhages 
are  by  no  means  uncom.mon,  but  are  more  frequently  found  after  violent  hang- 
ing than  in  suicides. 

The  expert  may  be  asked  to  determine  whether  or  not  death  was  induced 
by  hanging.  In  answering  this  question  he  must  rely  very  largely  upon  evi- 
dence furnished  by  the  pressure  of  the  cord.  It  has  been  shown  experimentally 
by  Devergie  that  if  a  corpse  immediately  after  death  be  suspended  by  a  cord 
around  the  neck,  redness  and  even  ecchymoses  along  the  line  may  be  induced, 
and  Vrolik  showed  that  when  a  body  was  thus  suspended  one  hour  after  death 
a  distinct  livid  line,  corresponding  with  the  course  of  the  cord,  might  remain. 
It  follows  from  this  that  so  far  as  the  mark  of  the  cord  is  concerned  there  may 
be  cases  in  which  the  expert  can  only  say  that  the  cord  w^as  applied  during  life 
or  immediately  after  death.     Of  course,  where  great  injury  has  been  done,  and 
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blood  has  flowed  from  penetration  of  the  tissue  there  can  be  no  hesitancy  in 
deciding  that  death  was  caused  by  hanging,  but  the  fact  remains  that  there  may 
be  instances  where  the  evidence  furnished  by  the  line  of  coloration  caused  by 
the  cord  leaves  one  in  doubt.  It  has  been  claimed  by  some  that  the  mark  of  the 
cord  serves  not  only  in  deciding  the  point  whether  or  not  death  was  due  to 
hanging,  but  the  more  difficult  question  as  to  whether  the  case  was  one  of  sui- 
cide or  one  of  murder.  It  has  been  claimed  that  when  the  mark  of  the  cord  is 
circular  and  runs  along  the  lower  part  of  the  neck  the  case  could  be  only  one 
of  murder.  However,  there  have  been  several  cases  of  undoubted  suicide  in 
which  the  mark  made  by  the  cord  was  situated  in  exactly  the  place  and  had  the 
form  which  it  had  been  claimed  could  not  occur  in  suicide.  In  one  or  two 
celebrated  cases,  notably  that  of  the  death  of  the  Prince  de  Conde,  in  1830,  it 
was  argued  that  the  position  of  the  dead  body  indicated  homicide,  and  in  fact 
was  such  that  the  case  could  not  be  one  of  suicide.  This  claim  was  evidently 
founded  upon  error.  It  was  argued  that  death  from  hanging  could  not  occur 
when  any  part  of  the  body  rested  upon  a  support.  The  body  of  the  Prince  was 
found  to  be  partly  supported,  and  it  was  claimed  that  he  did  not  die  from  hang- 
ing, but  that  he  was  murdered,  and  his  murderer  had  partially  suspended  the 
body  in  order  to  make  it  appear  that  he  had  committed  suicide.  A  person  may 
hang  himself  and  still  stand  on  tlie  floor,  sit  in  a  chair,  or  partially  lie  in  bed. 
It  is  only  necessary  to  put  the  proper  noose  around  his  neck  and  to  throw  the 
weight  of  a  portion  of  his  body  on  the  cord,  in  order  to  commit  suicide  by  hang- 
ing. A  man  may  stand  on  the  floor,  put  a  noose  about  his  neck,  attach  it  to 
some  object  above  him,  and  then  take  his  feet  from  the  floor,  flexing  his  legs, 
and  hold  himself  in  this  position  until  he  becomes  unconscious  and  unable  to 
stand,  and  when  his  feet  drop  to  the  floor  the  weight  of  his  unconscious  body 
is  sufficient  to  complete  the  death  which  he  has  consciously  undertaken.  Then, 
if  the  body  remains  in  this  position  until  rigor  mortis  com.es  on.  it  may  appear 
that  the  man  stands  with  a  loose  noose  about  his  neck,  and  without  any  tension 
on  the  cord.  The  following  interesting  case  is  reported  by  Taylor:  "In  1832  a 
man  was  found  hanging  in  his  room  with  his  knees  bent  forwards  and  his  feet 
resting  upon  the  floor.  He  had  evidently  been  dead  for  some  time,  since  ca- 
daveric rigidity  had  already  commenced.  The  manner  in  which  this  person  (a 
working  mechanic)  had  committed  suicide  was  as  follows:  He  had  made  a  slip 
knot  with  one  end  of  his  apron,  and  having  placed  his  neck  in  this  he  threw  the 
other  end  of  the  apron  over  the  top  of  the  door,  and  shutting  the  door  behind 
him.  he  succeeded  in  wedging  it  firmly.  At  the  same  moment  he  had  probably 
raised  himself  on  tip-toe  and  then  allowed  himself  to  fall.  In  this  position  he 
died.  The  weight  of  his  body  had  already  sufficed  to  drag  down  a  part  of  his 
apron,  for  it  seemed  as  if  it  had  been  much  stretched.  The  deceased  was  in  the 
position  in  which  the  liodv  of  the  Prince  de  Conde  was  found,  and  the  depres- 
sion produced  by  the  ligature  on  the  neck  was,  as  in  that  case,  nowhere 
ecchymosed." 

When  the  expert  is  called  upon  to  examine  a  person  supposed  to  have  met 
his  death  by  hanging,  he  should  carefully  examine  every  part  of  the  body  for 
evidence  of  external  violence.  If  bruises,  wounds  or  other  evidence  of  injury 
be  found,  the  surrounding  objects  should  be  examined  with  reference  to  tliefr 
nature   and   pr^sition   in   order  to   determine   whether  or  not   the   injuries   found 
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might  have  been  inflicted  by  them  accidentally  in  committing  suicide,  or  whether 
they  point  to  homicide.  In  committing  suicide  liy  hanging  the  individual  may 
place  himself  upon  a  chair,  table,  or  some  other  elevation,  adjust  the  cord,  and 
fall  in  such  a  way  as  to  bruise  or  lacerate  his  flesh,  or  even  fracture  a  limb. 
All  these  possibilities  should  be  taken  into  consideration  in  deciding  whether  or 
not  death  was  due  to  hanging. 

A  closer  study  of  the  manner  of  death  in  hanging  may  be  profitable.  While 
closure  of  the  trachea  and  death  by  mechanical  asphyxiation  are  the  objects 
sought  and  usually  attained,  there  are  certain  complicating  and  modifying  fac- 
tors. When  the  noose  is  placed  about  the  neck  and  the  weight  of  the  body, 
either  wholly  or  in  large  part,  put  on  the  cord,  death  sooner  or  later  results,  and 
may  be  due  to  one  of  three  causes  acting  individually  or  collectively.  The 
noose  incloses  respirator}^  circulator}^  and  nervous  connections  and  death  may 
result  from  the  interruption  of  the  function  of  one  or  all  of  these.  Undoubt- 
edly in  the  great  majority  of  hangings  all  of  these  connections  suffer  more  or 
less  and  injury  to  each  contributes  to  the  final  result.  When  the  respiration  is 
completely  interrupted  death  within  three  minutes  is  certain,  but  in  many  in- 
stances of  even  legal  hanging  the  passage  of  air  is  not  wholly  pre\-ented.  Com- 
plete arrest  of  the  flow  of  blood  through  the  carotids  leads  to  immediate  loss  of 
consciousness,  but  when  this  is  the  only  or  chief  injury  done,  resuscitation  after 
relativelv  a  long  time  is  possible.  Compression  of  the  pneumogastric  nerve  may 
lead  to  immediate  arrest  of  respiration,  even  in  case  the  passage  of  air  through 
the  trachea  is  not  mechanically  interfered  with;  then,  in  legal  execution  by 
hanging,  when  the  body  is  dropped  some  distance,  the  spinal  cord  is  more  or 
less  injured,  a  vertebra  may  be  fractured  and  indeed  the  head  may  be  severed 
from  the  trunk. 

That  death  may  be  caused  by  hanging  without  asphyxia  has  been  demon- 
strated by  men  hanging  themselves  successfully  while  wearing  tracheotomy  tubes 
and  with  the  cord  placed  above  the  incision  in  the  trachea.  Reineboth^  has  col- 
lected the  earlier  literature  bearing  on  this  subject,  has  reported  a  case  and  re- 
corded his  own  experiments  on  animals.  A  man,  who  was  wearing  a  trache- 
otomy tube  on  account  of  a  tumor  involving  the  trachea  and  esophagus,  placed 
a  cord  above  the  tube  and  successfully  hanged  himself  although  he  could  touch 
the  ground  with  his  feet.  Reineboth's  animal  experiments  confirmed  the  ear- 
lier researches  of  Misuraca  and  established  the  fact  that  tracheotomy  does  not 
save  animals  from  death  by  hanging  but  that  the  tracheotomized  animal  lives 
longer  after  suspension  and  that  the  appearance  both  in  vivo  and  postmortem 
are  not  the  same.  The  longest  time  that  a  normal  rabbit  lived  after  suspen- 
sion was  3.3  minutes,  while  the  longest  time  that  a  tracheotomized  animal  lived 
w^as  19.15  minutes.  Bertelsmann-  reports  a  case  quite  similar  to  the  preceding. 
A  woman  who  was  w^earing  a  tracheotomy  tube  Avas  found  dead  fifteen  minutes 
after  she  had  been  seen.  Her  knees  touched  the  floor  and  her  hands  were  folded 
across  her  bosom,  so  that  she  might  easily  have  saved  herself.  She  probably 
became  immediately  unconscious  from  the  compression  of  the  blood  vessels. 

Hofmann'  seems  to  have  been  the  first  to  call  attention  to  the  influence  of 
arterial  compression  in  hanging  on  the  sudden  loss  of  consciousness.  He  stated 
that  the  sudden  loss  of  consciousness  and  the  more  speedy  death,  compared  with 
that  due  wholly  to  asphyxia,  occurring  in  hanging,  are  caused  by  compression 
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of  the  blood  vessels  and  injury  to  the  vagus  nerve.  This  statement  was  seri- 
ously questioned  until  apparently  settled  by  the  thorough  researches  of  Haberda 
and  Reimer*  whose  conclusions  are  stated  as  follows. 

1.  The  occlusion  of  both  carotids  in  hanging,  as  claimed  by  Hofmann, 
cannot  be  denied. 

2.  In  typical  hanging  both  vertebral  arteries  are  occluded.  This  inter- 
ruption of  the  blood  flow  accounts  for  the  sudden  loss  of  consciousness. 

3.  There  may  also  be  suspension  of  the  heart  beat  in  diastole.  Whether 
this  is  caused  directly  by  injury  to  the  vagus  or  reflexly  through  the  laryngeal 
is  left  an  open  question. 

4.  This  nervous  effect,  in  cases  of  incomplete  interruption  of  the  blood 
flow,  may  hasten  unconsciousness  and  delay  asphyxia. 

5.  Brain  pressure  has  no  marked  influence  on  the  phenomena  of  death 
by  hanging. 

6.  Traumatic  injury  to  the  laryngeal  nerve  probably  has  some  effect  in 
arresting  respiratory  movements,  as  suggested  by  Ignatowsky. 

The  third  important  factor  in  determining  the  phenomena  of  death  from 
hanging  is  found  in  the  injury  done  the  vagus  and  its  branches,  especially  the 
superior  laryngeal,  and  its  branches.  Alany  years  ago  Czermak^  called  atten- 
tion to  the  fact  that  pressure  on  the  vagus  may  markedly  increase  the  length 
of  the  interval  between  heart  beats.  This  finding  has  been  repeatedly  con- 
firmed and  if  such  an  effect  can  be  induced  by  pressure  on  the  vagus  with  the 
finger,  it  is  easy  to  believe  that  serious  results  may  follow  the  greater  and  more 
violent  pressure  of  a  hangman's  noose.  The  experimental  evidence  on  injury 
to  the  trunk  of  the  vagus  in  hanging  has  been  somewhat  contradictory.  How- 
ever, the  studies  of  Placzek"^  seem  to  show  that  the  constriction  of  the  noose 
has  but  little  if  any  effect  upon  the  vagus  itself,  because  this  nerve  is  protected 
by  adjacent  and  superimposed  muscles  and  that  the  eff'ect  of  a  noose  is  quite 
different  from  that  of  a  finger  nail  that  may  be  pressed  forcibly  upon  one  point. 
That  the  superior  lar}-ngeal  is  often  injured  and  that  this  may  and  does  con- 
tribute to  the  causation  of  death  from  hanging  seems  quite  well  established. 

Usually  in  hanging  the  noose  is  placed  above  the  thyroid  and  between  this 
and  the  hyoid  bone.  With  the  cord  in  this  location  the  base  of  the  tongue  is 
pressed  against  the  posterior  wall  of  the  pharynx,  the  posterior  nares  are  closed 
by  the  soft  palate,  and  the  apex  of  the  larynx  is  brought  upward  and  backward. 
In  this  way  the  passage  of  air  may  be  wholly  prevented.  With  the  cord  across 
the  thyroid  the  occlusion  of  the  windpipe  may  be  only  partial. 

Haughton  of  Dublin,  many  years  ago,  investigated  the  mechanism  of  hang- 
ing and  concluded  that  the  most  speedy  and  painless  death  is  secured  by  placing 
the  knot  under  the  chin  and  allowing  a  fall  of  from  ten  to  fourteen  feet,  inas- 
much as  by  this  method  the  spinal  cord  is  fractured.  Louis,  alter  observing 
this  method  of  legal  execution,  concluded  that  the  executioner  should  give  the 
body  a  violent  twist  as  it  falls,  claiming  that  this  movement  fractures  the  odon- 
toid process,  dislocates  the  upper  cervical  vertebras  and  results  in  instantaneous 
death. 

Loss  of  consciousness  in  hanging  occurs  as  soon  as  the  noose  is  tightened 
by  the  weight  of  the  body  and  the  whole  weight  of  the  body  is  not  required. 
The  instantaneous  loss  of  consciousness  is  shown  bv  the  fact  that  the  suicide 
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never  attempts  to  save  himself  after  tiglitening  the  cord,  aUhough  in  many  in- 
stances he  might  do  so  by  straightening  his  legs  or  extending  his  arms.  The 
same  thing  has  been  repeatedly  demonstrated  in  accidental  hanging.  There  are 
several  cases  on  record  where  children  in  play  have  hung  one  another  and  if 
the  victim  throws  a  part  or  the  whole  of  his  weight  against  the  cord  he  makps 
no  attempt  to  save  himself.  Still  more  striking  are  some  instances  in  which 
men  in  studying  the  sensations  of  asphyxia  have  carried  the  experiment  be- 
yond control.  There  are  other  instances  in  which  there  are  strong  reasons  for 
believing  that  the  suicide  was  seeking  sympathy  and  not  death.  He  provides 
himself  with  objects  that  he  can  easily  reach  with  the  intention  of  being  found 
half  dead,  but  when  the  cord  tightens  he  loses  consciousness  and  is  no  longer 
able  to  save  himself  from  his  folly.  Hanging  oneself  and  hanging  a  friend  in 
play  are  dangerous  experiments,  because  they  are  likely  to  become  too  realistic. 
Ziemke'  points  out  that  unconsciousness  in  hanging  is  not  due  to  lack  of  blood 
in  the  brain,  but  to  lack  of  arterial  blood,  or  of  oxygen.  Anemia  of  the  brain, 
when  found  after  death  from  hanging,  exists  before  suspension.  The  com- 
pression of  the  arteries  arrests  the  flow  into  the  brain  and  when  incomplete  it 
may  lead  to  venous  engorgement. 

While  unconsciousness  follows  suspension  instantaneously,  death  does  not 
follow  until  after  the  lapse  of  some  minutes.  While  there  may  be  immediate 
arrest  of  the  heart  through  the  vagus  center,  this  is  only  transitory  and  the 
heart  beats  begin  again.  The  time  that  elapses  between  suspension  and  perma- 
nent arrest  of  the  heart  is  variable.  Usually  the  heart  permanently  ceases  to 
beat  within  from  five  to  sixteen  minutes.  In  attempts  at  suicide  the  occlusion  of 
the  blood  vessels  is  often  incomplete  and  for  this  reason  recovery  may  follow 
relatively  long  periods  of  suspension.  The  symptoms  observed  in  those  who 
have  recovered  from  hanging  are  variable.  There  may  be  paralytic  symptoms, 
especially  of  the  bladder  and  bowel.  Difficult  respiration,  bronchial  catarrh,  ex- 
pectoration of  blood  and  more  or  less  protracted  fever  have  been  observed. 
The  symptoms  referable  to  the  central  nervous  system,  such  as  convulsions, 
sensation  anomalies  and  hallucinatory  delirium,  have  given  rise  to  considerable 
discussion  and  the  expression  of  marked  differences  of  opinion.  In  some  there 
are  marked  contortions,  in  others  there  are  seizures  resembling  those  of  epi- 
lepsy, while  in  many  there  is  extraordinan,-  increase  in  reflex  excitability.  Some 
authorities  hold  that  most,  possibly  all.  of  these  manifestations  are  hysterical. 
It  is  worthy  of  note  that  in  persons  who  have  recovered  from  hanging  there  may 
be  a  retroactive  amnesia,  in  w^hich  the  victim  may  fail  to  remember  not  only 
everything  connected  with  the  hanging  but  events  that  happened  before  that 
time. 

While  in  legal  execution  by  hanging  the  body  is  dropped  some  distance,  in 
suicide  the  body  may  have  any  position  that  man  may  voluntarily  assume.  In 
261  cases,  Tardieu  found  168  with  the  feet  touching  the  ground,  42  on  their 
knees,  25  lying  horizontally  and  19  sitting.  Brouardel  has  determined  the 
weight  necessary  to  cut  off  the  flow  of  blood  through  the  vessels  of  the  neck  and 
has  found  that  two  kilos  compress  the  jugular  veins,  five  close  the  carotids,  fif- 
teen shut  the  windpipe  and  thirty  occlude  the  vertebral  arteries.  Besides  the 
weight  suspended,  the  nature  of  the  cord  is  an  important  factor,  a  narrow  cord 
being  more  effective  than  a  broad  one.     Moreover,  the  presence  of  something. 
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such  as  a  long  beard,  articles  of  clothing,  or  tumors  of  the  neck,  under  the  cord, 
have  an  effect. 

It  seems  that  some  writers  have  overdrawn  the  unsightly  appearance  of 
the  face  of  the  hanged.  As  a  rule  the  face  of  one  who  has  come  to  his  death  by- 
suspension  does  not  differ  from  that  of  those  who  have  died  from  other  forms 
of  violence.  Occasionally  there  is  marked  cyanosis  of  the  face  but  Schmidt 
found  this  condition  in  only  24  out  of  344  deaths  from  hanging  and  Reuter  did 
not  observe  marked  cyanosis  once  in  200  cases.  Ziemke^  states  that  the  descrip- 
tion of  the  face  of  the  hanged  as  given  by  Martin  is  a  "phantasy  picture."  He 
also  says  that  he  has  not  seen  vmequal  dilation  of  the  pupil  and  the  open  lids 
more  frequently  in  the  hanged  than  in  those  dying  from  disease.  Ecchymoses, 
from  the  size  of  a  pin  point  to  that  of  a  pea,  are  sometimes,  not  always,  found 
on  the  forehead,  on  the  lids  and  in  the  conjunctivae,  less  frequently  in  the  skin 
of  the  neck  and  chest.  Lochte  saw  these  in  only  eight  out  of  80  deaths  by 
hanging.  Schmidt  observed  conjunctival  ecchymoses  in  133  out  of  344  cases, 
and  Martineck  in  17  out  of  184.  AMiile  these  ecchymoses  are  found  sometimes 
in  the  hanged,  they  also  are  seen  in  deaths  from  other  forms  of  violence. 
Ziemke  found  ecchymoses  in  the  conjunctivae  and  gums  of  a  child  that  had  been 
killed  by  a  blow  with  a  hammer  on  the  forehead  and  then  hung.  Rupture  of  the 
ear  drum,  it  seems,  may  result  from  hanging  but  is  by  no  means  frequent. 

The  location  of  postmortem  ecchymoses  on  the  body  may  be  of  service  in 
the  examination  of  the  hanged,  but  ordinarily  they  do  not  differ  in  distribution 
from  those  observed  in  the  dead  from  other  causes.  The  fluid  state  of  the  blood 
leads  to  the  ready  appearance  of  areas  of  hypostatic  congestion  and  since  the 
hanged  are  usually  soon  cut  down  and  given  a  horizontal  position  they  are  most 
frequently  seen  on  the  back.  However,  when  the  body  remains  suspeiided  the 
hypostatic  areas  of  redness  are  seen  mostly,  or  exclusively,  in  the  dependent 
parts,  especially  in  the  limbs.  The  exclusive  location  of  these  congested  spots 
in  the  dependent  portions  of  the  body,  especially  if  they  remain  in  these  loca- 
tions after  the  body  has  been  placed  in  the  supine  position,  is  stated  by  Ziemke 
to  be  proof  that  the  body  has  been  suspended  at  least  eight  hours,  because  after 
this  time  the  ecchymosed  blood  does  not  change  its  position  with  changes  in  the 
posture  of  the  body.  The  fluid  blood  soon  after  death  gravitates  to  the  lowest 
parts  of  the  body  and  when  the  hanged  man  is  on  his  knees  the  thighs  may  show 
large  areas  of  ecchymoses,  while  these  stains  may  be  wholly  lacking  below  the 
knees.  In  one  instance  Schmidt  found  that  the  downward  flow  of  th.e  blood 
was  arrested  by  tight  garters. 

Much  has  been  written  about  the  occurrence  of  a  sexual  orgasm  in  death 
from  hanging,  because  the  penis  has  occasionally  been  found  to  be  erect  .and  the 
underclothing  stained  with  seminal  fluid.  That  the  ejaculation  of  semen  does 
occur  in  some  instances  cannot  be  denied,  but  that  there  is  any  pleasurable  sen- 
sation connected  with  this  act,  there  is  not  the  slightest  reason  for  believing. 
Death  from  asphvxia  whether  caused  by  mechanical  means  or  by  the  adminis- 
tration of  a  poison  that  acts  on  the  respiratory  centers,  is  often  accompanied  by 
the  ejaculation  of  semen.  Turgescence  of  the  sexual  organs  in  both  sexes  after 
hanging  is  common. 

The  appearance  and  character  of  the  groove  or  mark  made  by  the  cord 
about  the  neck  are  worthy  of  the  closest  study.     It  seems  that  everything  long 
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enough  and  sufficiently  pliable  has  been  tried  by  the  suicide  who  has  chosen 
hanging  as  his  mode  of  exit.  Rope,  cord  of  every  kind,  leather  straps,  wire, 
suspenders,  garters,  cravats,  handkerchiefs,  towels,  sheets,  twisted  straw,  bark 
and  pliable  limbs  of  trees  are  some  of  the  things  which  the  ingenuity  of  the  sui- 
cide has  converted  into  a  hangman's  noose.  It  is  quite  evident  that  with  such 
a  variety  of  cords  the  marks  and  grooves  must  differ  greatly  in  appearance. 
Then,  there  are  differences  in  the  adjustment  of  the  noose  that  affect  the  shape, 
size  and  course  of  the  line  of  strangulation.  The  more  cautious  suicide  pre- 
pares a  slip  noose  with  the  cord  going  all  around  his  neck  and  so  arranged  that 
it  tightens  down  when  he  throws  his  weight  on  it.  The  less  skillful  man  pre- 
pares an  immovable  loop,  which  he  places  under  his  chin  and  then  throws  him- 
self forward,  steps  from  a  chair,  or  bends  his  knees,  or  in  a  sitting,  squatting  or 
even  in  a  horizontal  position  presses  against  the  cord  imtil  the  circulation  to 
the  brain  is  arrested,  which,  as  has  been  seen,  may  be  instantaneous,  when  he 
loses  consciousness  and  is  no  longer  able  to  extricate  himself  or  to  call  for  help. 

When  a  broad  piece  of  cloth  as  a  folded  towel  or  sheet,  or  a  broarl  band 
of  any  material,  is  employed  there  may  be  merely  a  slight  discoloration  along 
the  path  of  application  and  in  rare  instances  this  may  be  so  superficial,  espe- 
cially when  the  body  is  removed  from  the  noose  soon  after  death,  that  it  wholly 
disappears  before  the  legal  inspection  is  made.  Strassmann  reports  such  an  in- 
stance :  A  man  hung  himself  with  a  silk  scarf,  the  body  was  taken  down  after 
fifteen  minutes,  and  at  the  obduction  no  trace  of  the  mark  could  be  detected. 
Maschka  reports  a  similar  instance  in  which  every  visible  sign  of  the  local  ef- 
fect of  the  noose  disappeared  wdthin  twenty-four  hours.  It  is  said  that  when 
the  strangulation  mark  is  slight  and  the  body  is  placed  in  water  the  discolora- 
tion may  shortly  disappear.  This  is  one  extreme  while  at  the  other  a  wire  cord 
may  cut  into  the  soft  tissues  and  when  the  body  is  left  suspended  for  some 
hours  it  may  sink  into  the  vertebrae.  Even  when  a  broad  band  has  been  em- 
ployed it  may  be  that  a  seam  in  it  or  one  edge  may  act  like  a  thin  cord  and  make 
a  deep  groove,  or  there  may  be  a  broad  mark  and  a  deep  narrow  groove.  It  is 
customary  to  speak  of  two  kinds  of  strangulation  marks.  One  is  pale  in  color 
and  soft  in  consistency.  It  is  due  to  the  gradual  pressure  of  a  broad,  soft  band, 
which  slowly  removes  the  blood  from  the  part  directly  pressed  upon  while  just 
outside  of  this  area,  both  above  and  below  are  lines  of  congestion,  which  may 
become  more  deeply  colored  from  hypostasis.  In  these  instances  the  line  of 
compression  is  generally  gray  or  grayish-blue,  although  when  superficially  ob- 
served it  may  appear  quite  pale.  The  second  kind  of  strangulation  line  is  brown 
in  color,  dry  and  hard.  This  was  once  called  a  mumification  line  and  was  be- 
lieved to  occur  only  when  the  epidermis  was  destroyed  by  the  constricting  cord, 
but  the  microscopical  studies  of  Schulz  have  shown  that  it  is  not  so  much  due 
to  abrasion  of  the  epidermis,  as  to  the  removal  of  the  fluids  of  the  tissue  by 
greater  compression.  This  author  distinguishes  between  a  leather-like  and  a 
parchment-like  line,  the  latter  differing  from  the  former  in  the  greater  intensity 
of  the  pressure  and  the  consequent  greater  drying  out  of  the  tissue.  Both  be- 
come darker,  drier  and  harder  on  exposure  to  the  air,  due  to  the  evaporation  of 
fluid.  The  dry,  hard,  dark  lines  most  frequently  result  from  strong,  narrow 
cords,  such  as  small  ropes  and  especially  from  binding  twine. 

It  was  once  supposed  that  sugillation  in  the  strangulation  line    always    oc- 
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curs  when  death  resuks  from  hanging  and  that  it  never  occurs  in  a  suspended 
"corpse,  but  more  thorough  investigation  has  shown  that  it  is  the  exception, 
though  it  may  occur  in  death  from  hanging,  and  that  it  may  also  be  found  in  a 
suspended  corpse ;  therefore,  sugillation  alone  is  no  proof  that  the  hangmg  was 
done  during  life. 

It  was  suggested  by  Xeyding^  that  the  microscopical  demonstration  of  pin- 
point hemorrhages  in  the  compressed  tissue  might  be  taken  as  an  evidence  that 
death  was  caused  by  hanging,  but  others  have  shown  that  these  may  occur  in  a 
suspended  corpse.  Greater  stress  should  be  placed  upon  the  macroscopic  vas- 
cular congestion  along  the  edges  of  the  strangulation  line,  but  this  must  not  be 
confounded  with  postmortem  hypostasis. 

When  the  cord  is  brought  two  or  more  times  about  the  neck  there  will  be 
multiple  strangulation  lines  with  intermediate  crests  and  sugillation  in  the  lat- 
ter may  be  marked.  It  is  easily  evident  that  the  blood  is  forced  into  these  crests 
by  the  constrictions  above  and  below  and  this  has  been  taken  as  evidence  that 
death  was  due  to  hanging  and  taken  with  other  things  it  undoubtedly  has  its 
value,  but  alone  it  is  not  convincing  proof  because  the  coloration  may  be  due  to 
postmortem  diffusion,  and  when  observed  in  a  hypostatic  area  the  livid  crest  is 
without  value  in  determining  the  manner  of  death.  However,  Bockavius^*^ 
thinks  that  the  character  and  localization  of  the  vascular  hyperemia  and  the  na- 
ture of  the  extravasations  both  along  the  strangulation  line  and  in  the  crests, 
when  these  exist,  may  be  of  diagnostic  value  when  studied  microscopically.  He 
thinks  that  when  these  hyperemias  and  extravasations  occur  during  life  they 
are  due  to  an  active  vascular  congestion  and  that  this  may  be  recognized  micro- 
scopically by  the  fullness  of  the  arterioles,  which  in  death  are  empty,  and  in 
death  the  onlv  congestion  possible  is  venous.  This  is  a  fine  distinction  and  in 
the  hands  of  an  expert  it  may  be  of  great  service,  but  without  unusual  expe- 
rience it  might  be  difficult  to  distinguish  between  the  smallest  veins  and  arteries, 
especially  when  they  are  filled  with  blood. 

Rarelv  blisters  filled  with  serum  more  or  less  colored  with  blood  are  found 
along  the  strangulation  line  and  in  the  crests,  when  these  exist.  It  would  seem 
that  these  could  hardly  occur  in  a  suspended  corpse,  but  Schulz  says  that  they 
may.  At  any  rate  they  are  so  infrequently  observed  in  death  from  hanging  that 
but  little  diagnostic  value  can  be  attached  to  them. 

In  the  study  of  strangulation  marks  and  grooves  due  to  hanging  some  most 
unexpected  questions  have  arisen.  It  has  already  been  seen  that  these  marks 
may  be  so  slight  that  they  are  not  easily  recognized  and  that  they  may  soon 
wholly  disappear.  On  the  other  hand,  it  has  been  found  that  in  vare  instances 
lines  and  grooves  resembling  those  caused  by  the  noose  have  been  found  to  be 
due  to  other  causes.  Ziemke  states  that  the  creases  in  the  necks  of  fat  (and 
dirty)  children  may  show  marks  closely  resembling  those  due  to  a  noose,  and 
Maschka  relates  the  case  of  a  little  girl  who  had  a  narrow  band  of  some  inflam- 
mable material  about  her  neck.  This  caught  fire  and  quickly  burning  there  was 
left  about  the  neck  a  line  similar  to  that  of  a  noose.  Lesser  tells  of  an  epileptic 
that  w^as  found  in  the  morning  with  his  face  on  the  floor  and  his  legs  on  the  bed 
and  that  the  collar  of  his  nightshirt  had  produced  a  strangulation  line  about  his 
neck,  but  Ziemke  suggests  that  possibly  this  man  actually  died  from  hanging. 

Examination  of  the  viscera  after  death  by  hanging  shows  nothing  that  is 
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strictly  characteristic,  \\hen  all  the  vessels  of  the  neck  are  completely  oc- 
cluded by  the  cord,  blood  can  neither  enter  nor  leave  the  brain.  Profuse  hem-- 
orrhage  in  the  cranial  cavity  after  death  by  hanging  is  rare  and  probably  occurs 
only  when  the  vessels  are  diseased  and  consequently  are  easily  ruptured.  How- 
ever, it  is  not  strange  that  sudden  arrest  of  the  circulation  in  the  brain  may  lead 
to  moderate  engorgement,  which  is  likely  to  be  greater  when  the  arterial  flow 
is  only  partially  obstructed.  Instances  of  paralysis  among  those  who  have  at- 
tempted suicide  by  hanging  and  have  been  found  in  time  to  save  life  have  been 
reported.  When  the  brain  is  found  to  be  anemic,  as  is  sometimes  the  case,  it 
must  have  been  in  this  condition  before  the  tightening  of  the  cord,  because,  as 
has  been  seen,  the  jugular  veins  are  easily  compressed.  Retinal  and  retrobulbar 
hemorrhages  seem  to  be  very  rare,  but  have  been  observed. 

Severe  pulmonary  hemorrhages  are  rare,  but  have  been  seen,  especially  in 
the  tubercular.  The  quantity  of  blood  in  the  lungs  after  death  from  hanging  is 
very  variable.  It  is  probably  largely  determined  by  the  coincidence  of  the  drop 
with  expiration  or  with  inspiration.  In  the  former  instance  the  pulmonary  ves- 
sels contain  less  blood  than  they  do  in  the  latter.  Lochte"  thinks  that  the  de- 
gree of  compression  on  the  vessels  of  the  neck  has  much  to  do  with  the  volume 
of  blood  in  the  lungs.  In  incomplete  closure  of  the  vessels  the  duration  of  as- 
phyxia is  lengthened  and  passive  hyperemia  of  the  lungs  and  other  organs  may 
take  place. 

Edema  of  the  lungs,  generally  confined  to  one  lobe  and  sometimes  to  a  part 
of  a  lobe  and  resulting  from  a  terminal  stasis,  has  been  observed.  Lochte 
found  it  in  23  out  of  71  cases  of  suicide  by  hanging  and  Strassmann  has  seen 
it  especially  when  the  knot  lies  over  the  throat.  He  thinks  that  cyanosis  of  the 
face  and  edema  of  the  Jungs  occur  only  when  the  occlusion  of  the  vessels  is 
incomplete  but  that  the}-  do  not  always  occur  when  this  condition  prevails. 

Sometimes  hemorrhages  are  found  in  the  mucous  membrane  of  the  ali- 
mentary canal.  Ziemke  is  of  the  opinion  that  in  the  majority  of  instances  they 
result  from  hypostasis,  but  that  in  some  there  is  rupture  of  the  smaller  blood 
vessels  during  the  convulsions  of  asphyxia.  The  writer  v,-ishes  to  suggest  that 
punctiform  hemorrhages  in  the  mucous  membrane  of  the  stomach  occur  fre- 
quently in  the  convulsions  of  asphyxia  whether  the  failure  of  respiration  is  due 
to  mechanical  pressure  on  the  larynx  or  to  the  administration  of  a  poison  that 
acts  upon  the  respiratory  center.  Hemorrhage  into  the  stomach,  which  could 
not  be  due  to  hypostasis,  has  been  reported  by  such  careful  observers  as  Tour- 
des.  Lesser  and  Hofmann  after  death  by  hanging.  Tourdes  observed  gastric 
hemorrhage  in  31  out  of  60  cases  of  death  from  hanging. 

Occasionally  food  from  the  stomach  has  been  found  in  the  larynx  and 
more  rarely  in  the  fine  bronchi.  In  the  former  instance  it  is  likely  that  the 
handling  of  the  body  in  taking  it  down  may  account  for  the  bits  of  food  found 
in  the  lar}^nx  but  they  could  be  carried  to  the  smaller  bronchi  only  by  inspira- 
tion and  must  be  transported  before  the  windpipe  is  occluded. 

Ziemke  gives  the  following  directions  for  the  dissection  and  examination 
of  the  neck  after  death  from  hanging:  After  the  separation  of  the  skin  from 
the  fascia  and  muscles,  the  musculi  omo-hyoidei  should  be  divided  in  the  mid- 
dle on  the  inner  border  of  the  musculi  sterno-cleido-hyoidei  and  dissected  out, 
then  the   sterno-cleido-mastoidei   should   be   separated   from   attachment   to   the 
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clavicle  and  the  sterno-hyoidei  from  the  hyoid  bone,  and  the  deeper  lying  sterno- 
thyroidei  and  thyreo-hyoidei  should  be  severed,  dissected  out  and  turned  back. 

Hemorrhage  of  the  deeper  soft  tissues  of  the  neck  after  death  by  hanging 
is  not  frequent.  Martineck  observed  this  only  ten  times  out  of  184  cases  and 
Schmidt  eleven  times  in  344.  It  is  more  frequent  after  legal  execution  than  in 
suicide  owing  to  the  greater  violence  with  which  the  former  is  done.  Marked 
hemorrhage  in  or  between  the  muscles  of  the  neck  is  regarded  as  conclusive 
proof  that  the  injury  was  inflicted  during  life.  Laceration  of  the  muscles  of 
the  neck  is  also  rare  in  suicide.  The  most  important  findings  in  dissection  of 
the  neck  consist  of  fractures  of  the  cartilages  of  the  larynx,  of  the  thyroid  and 
of  the  hyoid  bone.  Fracture  of  one  or  more  of  these  structures  occurs  proba- 
bly in  the  majority  of  cases  of  death  from  hanging.  Fracture  or  displacement 
of  cervical  vertebrae  may  occur  when  the  drop  is  great  as  it  is  in  legal  execution, 
but  is  infrequent  in  suicide.  Rupture  of  the  intima  of  one  or  both  carotids  may 
happen  and  there  is  one  case  reported  from  the  Berlin  forensic  institute  in  which 
there  was  rupture  of  the  intima  of  the  jugular  vein. 

The  question  whether  death  was  self-inflicted  or  not  is  an  important  one 
and  deserves  further  study.  Leaving  out  of  consideration  all  instances  of  legal 
execution  and  of  mob  violence  in  which  as  a  rule  there  is  no  room  for  doubt, 
the  decision  between  suicide  and  murder  will  be  discussed.  In  the  first  place  it 
should  be  stated  that  hanging  is  a  common  form  of  suicide  and  a  rare  one  for 
murder,  so  that  the  presumption  is  in  favor  of  the  former,  but  this  does  not  re- 
lieve the  one  who  investigates  the  case  from  the  necessity  of  exercising  the 
greatest  care.  The  fact  that  hanging  ofl^ers  a  speedy,  painless  and  noiseless 
death  and  that  the  means  of  carrying  it  out  are  always  at  hand  probably  explains 
its  frequent  selection  by  the  suicide.  On  the  other  hand  it  is  not  easy  for  one 
person  to  hang  another  if  the  victim  is  aware  of  the  intention  of  his  assailant, 
unless  the  latter  is  much  superior  in  strength  to  the  former.  Children  and  old 
and  feeble  people  may  be  hung,  but  this  is  not,  as  has  been  stated,  a  frequent 
resort  of  the  murderer. 

When  a  body  is  found  freely  suspended  with  nothing  at  hand  whereby  such 
a  position  could  have  been  reached,  help  in  the  execution  of  the  deed  must  be 
evident. 

The  suicide  often  leaves  some  record  of  his  intention  and  his  clothing  and 
his  belongings  should  be  carefully  searched  for  such  evidence.  If  a  written 
statement  be  found  the  question  becomes  one  of  identification  of  the  handwrit- 
ing. Bodily  infirmities  in  the  form  of  incurable  disease,  involving  continuous 
suffering,  financial  losses,  family  disagreement  and  melancholia  from  any  cause 
are  some  of  the  conditions  that  lead  to  suicide. 

The  cord  used  in  the  suspension  should  be  examined.  \\  here  did  it  come 
from,  to  whom  did  it  belong  or  in  whose  possession  was  it,  are  questions  that 
arise  naturally.  As  a  rule  the  suicide  selects  something  that  will  not  cut  deep 
with  the  idea  that  it  will  cause  less  pain.  P'or  like  reason  the  suicide,  as  a  rule 
to  which,  however,  there  arc  exceptions,  does  not  provide  for  a  long  drop. 

The  fact  that  the  victim  is  a  child  will  be  taken  into  consideration  but 
children  as  young  as  eight  or  ten  years  have  been  known  to  commit  suicide  in 
this  way.  The  presence  of  wounds  on  the  body  must  be  investigated.  These 
do  not,  however,  preclude  suicide  and  many  cases  are   recorded   in   which   at- 
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tempts  to  destroy  one's  own  life  have  been  repeatedly  made  and  not  proving 
successful  hanging  has  been  resorted  to.  In  some  instances  attempts  have 
been  made  to  cut  the  throat  or  to  open  an  artery,  but  courage  or  skill  being  lack- 
ing, the  noose  has  been  employed;  in  others,  poison  has  been  taken. 

There  are  a  few  cases,  the  number  is  not  large,  in  which  people  have  been 
killed  in  some  other  manner  and  then  the  dead  body  has  been  suspended  by  the 
murderer  in  order  to  present  the  appearance  of  suicide.  Vrolik  tells  of  a  sailor 
who  was  stabbed  through  the  heart.  His  murderer  washed^  the  body,  dressed  it 
in  a  clean  shirt  and  suspended  it.  Maschka  reports  the  finding  of  a  suspended 
corpse  the  skull  of  which  had  been  fractured  by  a  blow.  Gross  tells  of  a  man 
w^ho  drove  a  long,  sharp  needle  through  the  chest  wall,  under  the  breast  of  his 
wafe,  into  her  heart  and  then  suspended  her  body.  If  one  has  been  strangled  to 
death  and  then  suspended  it  might  be  quite  difficult  to  determine  the  cause  of 
death  unless  the  imprint  of  fingers  on  the  throat  be  found.  Lesser  reports  an 
instance  of  a  man  who,  while  sitting  on  a  stool,  was  approached  from  behind,  a 
cord  was  thrown  about  his  neck  and  twisted.  He  fell  from  the  stool  in  an  un- 
conscious state  and  after  his  death  his  body  w'as  suspended  by  his  assailant. 

Ziemke^-  gives  the  following  as  proofs  that  hanging  was  the  cause  of  death : 

1.  Profuse  effusion  of  blood  under  the  strangulation  groove  when  shown 
not  to  be  due  to  hypostasis. 

2.  Marked  vascular  congestion  along  the  edges,  especially  the  lower  edge 
of  the  strangulation  groove,  w^hich  is  found  on  macroscopic  examination  to  con- 
sist of  a  network  of  distended  vessels,  when  this  is  shown  with  certainty  not  to 
be  due  to  hypostasis. 

3.  A  large  number  of  isolated  blood  vessels  that  pass  through  the  groove 
of  strangulation  are  filled  with  blackish-red  blood  and  are  brought  out  more  dis- 
tinctly by  treatment  with  alcohol-xylol. 

4.  A  red  intermediate  crest,  if  it  is  broad  and  remains  prominent  and  firm 
after  the  removal  of  the  cord,  lies  in  paler  skin  and  is  found  on  microscopic  ex- 
amination to  consist  of  congested  vessels  and  hemorrhages  into  the  cutis  and 
subcutaneous  fat. 

5.  Profuse  hemorrhages  in  and  between  the  muscles  of  the  throat  and 
lacerations  of  the  muscles  and  fractures  of  the  larynx  with  profuse  blood  ex- 
travasations, when  shown  not  to  be  due  to  hypostasis. 

6.  Lacerations  of  the  intima  of  the  carotids  with  extravasated  edges  and 
hemorrhages  into  the  sheath  of  the  vessel. 

7.  Marked  cyanosis  of  the  face,  with  numerous  small  hemorrhages  in  the 
skin,  which  extend  down  to  the  groove  and  stand  out  in  contrast  with  the  paler 
surface  of  the  rest  of  the  body. 
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Fig.  1. — To  show  the  contrast  between  the  constricted  vessels  still  connected  with  the 
vaso-constrictor  center  (left  ear)  and  the  control  dilated  vessels  that  have  been  discon- 
nected from  that  center  (right  ear).  Drawing  made  late  in  the  experiment  when  the 
animal  was  apparently  in  a  state  of  deep  shock.  The  strong  vaso-constriction  in  the  left 
ear  was  replaced  by  a  wide  dilatation  as  soon  as  the  connection  of  this  ear  with  the  vaso- 
motor center  was  severed.     (See  Protocol  V.) 
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SU  many  reviews  of  the  literature  on  surgical  shock  have  appeared  that  we 
deem  it  unnecessary  to  enter  here  into  such  a  discussion.  The  term  is 
in  itself  too  generic  and  although  we  make  no  attempt  to  define  it,  we  use  the 
term  surgical  shock  to  cover  that  compromise  of  the  animal  which  results  from 
operative  trauma  and  which  is  analogous  to  the  compromise  that  occasionally 
follows  surgical  therapeutic  procedures  on  man.  Our  interest  is  centered  in 
the  view,  which  has  been  accepted  too  generally  and  upon  insufficient  evidence. 
that  in  surgical  shock  the  primary  cause  of  all  the  other  symptoms  is  a  pre- 
ceding paralysis  of  the  vaso-motor  center.  Since  Porter  first  attempted  to  show 
that  the  vaso-constrictor  center  is  still  in  a  state  of  pronounced  functional  ac- 
tivity after  a  shock  level  of  blood  pressure  has  been  reached,  there  have  been 
attempts  made  by  several  investigators  to  bring  forward  evidence  bearing  upon 
this  point. ^ 

Problem. 

Our  problem  was  essentially  this :  Can  we  obtain  any  conclusive  evidence 
that,  during  the  development  of  shock,  the  vaso-constrictor  center  at  any  time 
loses  its  activity?  If  we  could  show  that  the  center  loses  its  activity  very  early. 
it  would  be  reasonable  to  believe  that  some,  if  not  many  of  the  other  symptoms 
of   shock,   are   secondary   to   this    failure.      If,   on    the   other   hand,    indisputable 
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evidence  could  be  obtained  that  the  activity  of  the  vaso-constrictor  center  per- 
sists for  a  long  time  and  even  after  many  of  the  other  manifestations  of  shock 
are  present,  we  could  then  say  definitely  that  Amk\<  is  not  the  result  of  a  pri- 
mary breakdown  of  the  vaso-motor  center  but  must  be  due  to  some  other  cause 
or  causes. 

Our  first  requirement  was  a  region  of  blood  vessels,  the  calibre  of  which 
could  be  observed  without  any  operative  interference.  vSecond,  a  region  the 
observations  upon  which  could  be  controlled  by  comparing  it  to  its  dcnervated 
mate  upon  the  other  side  of  the  midline,  in  the  same  animal. 

The  retiucC  of  albino  rabbits  arc  non-pigmented  and  the  retinal  vessels  stand 
out  distinctly.  In  our  early  experiments,  we  tried  to  denervate  the  vessels  of 
one  retina  and  after  producing  shock  in  the  animal,  to  observe  and  compare  the 
size  of  the  vessels  in  the  two  retinae.  Theoretically  this  method  should  be  sat- 
isfactory, but  for  practical  reasons  it  was  finally  discontinued.  We  need  men- 
tion here  only  two  of  these  reasons.  First,  the  origin  and  course  of  the  vaso- 
motor supply  to  the  retinal  vessels  is  not  perfectly  understood  ;  consequently,  it 
might  be  claimed  that  the  retinal  vessels  of  the  supposedly  denervated  side  were 
not  entirely  isolated  from  connection  with  the  vaso-motor  center,  in  which  case 
we  should  have  no  control  vessels.  Second,  it  is  necessary  to  depend  upon  the 
judgment  of  the  ophthalmologist  for  a  comparison  of  the  vessels  in  the  two 
eyes,  thus  introducing  too  many  opportunities  for  error  and  furnishing  us  no 
chance  to  check  our  own  results  by  direct  observation. 

\\'e  finallv  selected  the  ear  vessels  of  white  rabbits.  This  region  seems  al- 
most ideal  for  our  purpose.  First  of  all.  the  vessels  can  be  seen  distinctly  by 
anybody.  This  means  that  a  comparison  of  the  ear  vessels  can  be  made  by 
any  number  of  individuals,  either  trained  or  untrained.  Secondly,  the  vessels 
are  subjected  to  no  direct  operative  interference  at  any  time.  Thirdly,  the  course 
of  the  vaso-constrictor  nerve  fibers  to  the  ear  vessels  has  been  well  worked  out'- 
and  we  can  be  sure  therefore  that  the  vessels  of  the  control  ear  have  really 
been  disconnected  from  the  medullary  center. 

The  following  is  the  plan  by  which  we  attacked  the  problem:  If  the  vaso- 
constrictor nerves  to  one  ear  are  cut  we  remove  all  influence  of  the  vaso-con- 
strictor center  over  the  vessels  of  that  ear.  The  denervated  vessels  might  then 
be  expected  to  react  more  or  less  passively  to  changes  of  pressure  within  them. 
If  the  heart  were  maintaining  a  high  blood  pressure  these  vessels  should  become 
passively  dilated.  If.  on  the  other  hand,  the  blood  pressure  were  low  they  should 
be  correspondingly  less  dilated.  In  other  words,  the  control  vessels  of  the  de- 
nervated ear  should  react  passively  no  matter  what  the  pressure  within  them. 
Why  do  we  need  such  a  set  of  control  vessels?  Suppose  we  reduce  an  animal 
to  a  state  of  shock  and  find  that  ear  vessels  connected  with  the  vaso-constrictor 
center  are  empty.  This  emptyness  mav  be  either  an  active  or  a  passive  one. 
That  is.  it  may  be  caused  by  a  stream  of  vaso-constrictor  impulses  flowing  out 
from  the  center  in  the  medulla  and  maintaining  in  the  constricted  vessels  a  tonus 
sufficiently  active  to  force  out  the  blood,  or  it  may  be  due  to  a  passive  drain- 
age of  the  blood  from  these  vessels  into  the  great  splanchnic  reservoir.  If  we  de- 
nervate the  vessels  of  one  ear.  the  vessels  of  that  ear — if  they  respond  passively 
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to  pressure  changes  within  them — will  tell  us  whether  the  constriction  present  in 
the  normal  ear  is  an  active  or  a  passive  one.  Especially  is  this  true  if  we  can, 
by  suitable  means,  raise  temporarily  the  blood  pressure  from  its  low  shock 
leNcl.  The  clenervated  vessels  should  passivel}-  dilate  in  response  to  this  eleva- 
tion of  pressure.  The  normal  ear  vessels,  if  they  are  receiving  no  vaso-con- 
strictor  impulses  should  also  dilate;  if,  however,  they  resist  the  rise  in  pressure 
and  remain  constricted,  we  are  justified  in  concluding  that  the  constriction  is 
the  result  of  vaso-constrictor  impulses  arising  outside  the  vessels,  presumably 
in  the  medulla. 

Furthermore,  the  ability  of  the  vessels  of  the  normal  ear  to  remain  con- 
stricted under  the  temporarily  increased  blood  pressure  should  be  an  index  of 
the  degree  of  tonus  being  maintained  by  the  center  in  those  vessels.  For  ex- 
ample, if  the  constriction  persists  in  the  normally  innervated  vessels  after  the 
blood  pressure  has  risen  to  a  high  point,  we  must  conchide  that  the  center  is 
maintaining  a  high  degree  of  tonus. 

The  question  of  the  degree  of  passive  response  obtainable  from  denervated 
vessels  at  different  intervals  after  denervation  will  be  discussed  a  little  later. 

ExPKRiMENTAi.  Method. 

As  already  stated,  white  rabbits  were  used  exclusively.  The  vessels  of  one 
ear  were  denervated  by  resecting  and  severing,  vmder  ether  anesthesia,  the  auric- 
ularis  magnus  nerve  at  the  base  of  the  pinna  and  removing  the  superior  cervi- 
cal sympathetic  ganglion  on  the  same  side.  In  no  case  was  the  animal  reduced 
to  a  state  of  shock  immediately  following  the  denervation  of  the  ear.  At  least 
20  hours  elapsed  between  the  two  operations  and  in  some  cases  this  interval 
was  a  number  of  days  in  length.  The  purpose  of  this  delay  was  to  avoid  the 
effects  upon  the  denervated  vessels  of  immediate  stimulation  of  vaso-dilator  or 
vaso-constrictor  nerve  fibers  consequent  upon  the  operative  procedures  at  the 
time  of  the  denervation.  After  this  interval,  the  animal  was  again  ether- 
ized and  reduced  to  a  state  of  shock.  In  most  cases  it  was  not  necessary,  nor 
indeed  advisable,  to  continue  the  etherization  for  more  tlian  ■)<4  to  1  hour,  for 
at  that  time  most  animals  showed  only  a  slight  reaction,  if  any,  to  sensory 
stimulation.  Tracheotomy  was  performed  and  the  abdomen  opened  wide  by  a 
long  median  incision.  In  a  majority  of  the  experiments  the  adrenals  were  care- 
fully removed  at  once  upon  opening  the  alulomen.  This  wa>  done  oii  the 
assumption  that  adrenalin  thrown  into  the  blood  stream  during  the  experiment 
might  possibly  interfere  with  a  passive  dilatation  of  the  vessels  of  the  dener\-ated 
ear,  and  at  the  same  time  favor  constriction  in  llie  \essels  of  the  normal  ear,  a 
constriction  which  would  be  of  peripheral  rather  than  of  central  origin.  .Mso 
it  was  thought  that  the  removal  of  the  adrenals  might  hapten  somewhai  the 
fall  of  the  blood  pressure.  We  are  un.'ible  to  draw  any  detinitc  conclusions  as 
regards  either  of  the  above  possibilities  since  we  matle  no  systematic  compari- 
son between  animals  with  intact  and  with  excised  adrenals.  At  any  rate,  the 
remo\al  of  the  adrenals,  practiced  in  most  of  the  e\i)erinu'rits,  with  the  attend- 
ant manipulation  of  and  traction  upon  the  viscera  ;uul  sympathetic  nervous 
structures  mav  be  considered  one  ot  the  iiu'.ans  nsed  to  imlucc  shock. 
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Next  the  abdominal  aorta  was  exposed  for  a  short  distance  between  the 
origin  of  the  ceHac  artery  and  the  cHaphragm,  and  a  loose  ligature  passed  around 
it  to  facilitate  the  application  of  a  clamp  wdien  desirable.  Clamping  the  aorta 
at  this  point  was  the  method  used  to  raise  tem])orarily  the  blood  pressure,  in 
the  part  of  the  animal  anterior  to  the  diaphraj^^m,  when  the  general  blood  pres- 
sure had  fallen  to  a  low  level.  The  reason  tor  raising  the  blood  pressure  at 
this  time  has  already  been  stated.  Tracings  of  the  blood  pressure  were  taken 
from  a  mercury  manometer  connected  with  a  cannula  in  one  axillary  artery. 
As  an  index  to  the  degree  of  shock  we  have  relied  largely  upon  the  state  of 
the  blood  pressure;  we  did  not  confnu-  ourselves,  however,  to  observations  upon 
this  one  symptom  of  shock.  The  state  of  the  reflexes  was  used  as  was  also  the 
response  to  sensory  stimulation  applied  to  various  regions.  We  continued  the 
experiment  not  only  until  the  blood  pressure  had  fallen  to  a  low^  level  but  until 
the  reflexes  became  sluggish  or  were  practically  absent,  and  there  was  little, 
if  any,  response  to  handling  of  the  abdominal  viscera  or  parietal  peritoneum. 
The  rabbit  seems  to  sink  to  this  condition  much  more  readily  than  do  most  dogs. 

As  a  second  and  final  test  of  whether  the  constriction  in  the  normally  in- 
nervated vessels  was  an  active  or  a  ])assive  one,  we  denervated,  late  in  the  ex- 
periment, the  vessels  of  the  normal  ear.  This  was  done  in  some  cases  by  cut- 
ting the  nerves,  in  others  by  abolishing  the  nerve  conductivity  through  direct 
application  of  an  ether  soaked  pledget  of  cotton  to  the  nerve  trunk,  or  by  freez- 
ing the  nerve  at  one  point  with  an  ethyl  chloride  spray.  We  found  that,  for 
practical  purposes,  severing  the  conductivity  of  the  cervical  sympathetic  trunk 
was  sufficient  to  bring  out  the  efifect  in  the  "normal"  ear  vessels  and  therefore 
in  most  cases  we  did  not  cut  the  auricularis  magnus  nerve.  Another  reason 
why  we  usually  left  the  auricularis  magnus  intact  was  that  we  wished  to  dis- 
turb the  animal  as  little  as  possible.  (The  cervical  sympathetic  is  the  more 
easily  obtainable  of  the  two  nerves  that  carry  a  vaso-motor  supply  to  the  ears.) 

In  a  few-  experiments  the  ears  of  the  animals  were  photographed  during 
the  course  of  the  experiment.  For  this  purpose  we  used  light  transmitted 
through  the  ears  to  the  camera  from  an  electric  arc.  In  one  case  a  water  color 
drawing  was  made  from  life  toward  the  end  of  the  experiment. 

Experimental  Results. 

Twenty-five  experiments  were  performed  in  this  series.  The  interval  be- 
tween denervation  of  the  blood  vessels  of  one  ear  and  the  production  of  shock 
varied.  In  eleven  experiments  this  interval  was  20  to  28  hours ;  in  two  experi- 
ments it  was  2  days ;  in  five  experiments  it  was  3  days ;  in  two  experiments  4 
days ;  in  two  experiments  6  days ;  and  finally  one  experiment  each  was  performed 
in  which  the  interval  was  7,  9  and  12  days  respectively.  As  has  already  been 
stated,  this  interval  was  allowed  in  order  to  secure  a  proper  set  of  control  vessels. 
It  concerns  in  no  way  the  vessels  of  the  normal  ear  directly. 

On  the  Suitability  of  "i,"  "2,"  "j"   (and  more)  Day  Rabbits  for 

this  Kind  of  Test. 

The  term  "one,"  "two,"  or  "three"  day  rabbit  will  refer  to  the  length  of 
the  interval  which  elapsed  between  the  denervation  of  the  blood  vessels  of  the 
control  ear  and  the  execution  of  the  shock  experiment. 
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\\'e  found  early  in  the  series  of  experiments,  that  the  denervated  vessels 
of  "one  day"  rabbits  responded  best.  That  is,  their  response  was  most  nearly 
a  passive  one.  If  a  longer  time  elapsed  the  denervated  vessels  showed  an  in- 
creasing tendency,  with  the  increase  in  the  length  of  the  interval,  to  constrict  and 
a  decreasing  tendency  to  react  passively  to  pressure  changes  within.  The  fol- 
lowing figures  will  serve  to  make  this  point  clear. 

In  11  experiments  we  used  "one  day"  rabbits.  The  denervated  vessels  in- 
variably showed  good  passive  responses  to  pressure  changes.  In  5  experiments 
we  used  "three  day"  rabbits.  In  four  of  these  the  passive  response  of  the  de- 
nervated vessels  was  good,  but  in  the  fifth  scarcely  any  passive  response  could 
be  obtained.  Two  "four  day"  rabbits  were  used.  One  of  them  failed  to  show 
a  passive  response.  Of  the  two  "six  day"  rabbits  used  one  failed  to  respond 
passively.  Finally,  one  experiment  each  was  performed  upon  "seven  day."  "nine 
day,"  and  "twelve  day"  rabbits  respectively.  The  "seven  day"  rabbit  gave  a 
good  passive  response  but  the  remaining  two  showed  practically  no  passive  re- 
action whatever.  To  summarize  these  results  we  may  say  that  in  every  case 
when  used  within  one  day  after  denervation  (11  cases),  the  passive  reaction 
of  the  vessels  was  good ;  that  they  failed  to  react  well  in  one  out  of  five  "three 
day"  rabbits,  while  in  seven  experiments  upon  rabbits  of  "four  days"  or  over, 
the  failure  to  respond  passively  was  seen  in  four,  that  is,  in  about  57  per  cent. 

What  is  the  significance  of  these  results?  It  is  this.  We  require,  for  our 
demonstration,  vessels  which  respond  passively  to  pressure  changes  within  them 
in  order  that,  by  comparison,  we  may  determine  the  state  of  tonus  being  main- 
tained by  the  vaso-motor  center  in  the  vessels  with  which  it  is  still  connected. 
The  results  stated  above  show  that  to  obtain  this  passive  response  in  the  con- 
trol vessels,  "one  day"  rabbits  are  best;  that,  while  it  is  sometimes  possible  to 
obtain  a  passive  response,  even  as  late  as  seven  days  after  denervation,  still 
in  many  cases  the  vessels  have  developed  by  that  time  too  much  autonomy  to 
serve  as  passive  controls. 

The  above  observation  agrees  with  statements  in  the  literature"'  to  the  ef- 
fect that  the  dilatation  of  the  vessels  of  the  denervated  ear  gradually  decreases 
and  finally  may  even  disappear.  The  time  necessary  for  the  latter  to  develop  is 
stated  by  Meltzer,  however,  to  be  a  matter  of  weeks. 

It  is  stated  by  Bayliss*  that  the  arterial  wall  reacts  to  an  increase  in  arterial 
pressure  by  constricting.  If  this  statement  be  true,  can  we  use  the  denervated 
ear  vessels  as  passive  controls?  Anrep,-''  working  later  upon  the  same  subject 
in  Bayliss'  laboratory,  concluded  that  "a  local  form  of  reaction  of  the  blood 
vessel  wall  to  changes  of  tension  is  as  yet  unproven."  Even  though  Bayliss' 
original  interpretation  were  correct,  namely,  that  if  the  pressure  within  an  ar- 
tery is  increased,  the  artery  responds  by  contracting,  or.  that  if  ihe  pressure 
falls  the  arterial  wall  relaxes,  his  results  would  not  necessarily  be  in  conflict 
with  our  findings.     This  is  true  for  the  following  reasons: 

Bayliss  docs  not  say  to  what  degree  the  arteries  became  constricted  and 
there  is  certainly  no  evidence  that  they  responded  to  the  increased  pressure  with 
a  strong  constriction.     It  may  indeed  be  true  that  the  arteries  and  arterioles  in 

^Meltzer    and    Mcltzcr :      -Am.    Tmir.    riivsiol.,    1903,    ix,   pp.    6J    ami    159. 
<Jour.    Physiol..     19()J,    2S,    22H. 
=Jour.    Pliysiol.,    1912,    45,    318. 
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the  denervated  ears  of  our  animals  were  not  as  much  dilated  as  they  would  have 
been  had  they  not  possessed  any  such  reaction  to  internal  pressure.  And  espe- 
cially may  this  be  true  of  the  denervated  vessels  a  number  of  days  after  the  de- 
nervation when  they  show  a  definitely  greater  tendency  to  remain  constricted. 
That  these  vessels  were  more  dilated  in  our  experiments  after  raising  the  blood 
pressure  than  they  were  before,  however,  cannot  be  questioned.  In  many  cases 
the  dilatation  was  easily  visible  across  the  entire  width  of  the  room  and  seemed 
to  be  practically  maximal. 

Again,  the  constriction  described  by  Bayliss  was  apparently  of  short  dura- 
tion. He  does  not  give,  in  all  cases,  the  full  tracing,  but  in  one  that  he  does 
give  (Fig.  7,  p.  226)  the  duration  of  the  constriction  was  about  one  minute.  In 
some  other  cases  it  was  apparently  somewhat  longer.  In  our  experiments  the 
high  blood  pressure  was  usually  maintained  for  from  3  to  5  minutes  and  some- 
times ( see  protocols  below)  even  longer.  A  transient  tendency  to  constrict 
would,  therefore,  have  disappeared  in  all  probability  before  we  removed  the 
aortic  clamp.  Moreover,  in  our  experiments,  the  increase  in  blood  pressure  de- 
veloped slowly  and  not  suddenly  as  was  the  case  in  Bayliss'  experiments,  for 
the  heart  does  not  build  up  a  high  blood  pressure  in  the  head  region  instantly 
upon  clamping  the  aorta.  Since  usually  the  efficiency  of  a  stimulating  agent 
varies  directly  with  the  suddenness  of  its  application,  perhaps  the  tendency  of 
the  vessels  to  react  when  the  increase  in  internal  pressure  is  developed  slowly 
is  less  than  when  it  is  rapid. 

When  all  these  factors  are  considered  it  can  be  seen  that  there  is  not 
necessarily  a  conflict  between  the  results  obtained  by  Bayliss  and  those  here 
described.  Perhaps  the  most  conclusive  evidence  that  the  denervated  vessels 
do  dilate  when  subjected  to  a  high  blood  pressure  is  furnished  by  the  well- 
known  fact  that  after  cutting  the  cervical  sympathetic  nerve  in  the  rabbit  (as 
in  the  Claude  Bernard  experiment)  the  ear  vessels  on  the  corresponding  side 
become  widely  dilated.  This  result  obtains  in  an  otherwise  normal  animal  and 
therefore  in  one  with  a  high  blood  pressure.  It  must  be  admitted,  therefore, 
that  at  least  to  the  extent  to  which  these  vessels  dilate  under  high  pressure  and 
empty  themselves  when  the  pressure  falls  they  may  be  used  as  passive  controls 
for  the  blood  vessels  still  connected  with  the  center  in  the  medulla. 

Results  of  the  Shock  Experiments. 

There  was  a  remarkable  constancy  in  the  behavior  of  the  vessels  of  the 
normally  innervated  ear.  The  following  protocols  are  typical  of  the  results 
obtained : 

PROTOCOL  I. 

Experiment  14.  May  15,  1914.  One  Day  Rabbit.  White  Male.  1700  grm.  Yes- 
terday at  4 :00  p.  m.  denervated  the  right  ear. 

3:00  p.  M.  Began  operation.  Before  operation  vessels  of  normal  ear  well  constricted;  those 
of  operated  ear  fairly  ^vell  dilated.  After  tying  down  the  animal,  vessels  of 
both  ears  dilated. 

3:56  Operation  completed.    It  consisted  of  tracheotomy,  wide  opening  of  abdomen,  re- 

moval of  adrenals  and  freeing  of  aorta  just  below  diaphragm.  Canula  in- 
serted in  left  axillary  artery  for  blood  pressure  record. 

4:00  Blood  pressure  32  mm.  Hg.    Lid  reflex  fair.     Denervated  ear  moderately  dilated. 

Normal  ear  vessels  slightlv  smaller. 
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4:09}^  Clamped  aorta.    Blood  pressure  began  rising  rapidly. 

4:11  Vessels   denervated    ear  wideh-  dilated.      Normal   ear  moderately  constricted. 

4:13  Blood  pressure  94  mm.  Hg.     Lid  reflex  active. 

4:14  Clamp  off  aorta. 

4:15  Denervated  ear  still  moderately  dilated.     Normal  car  pale;  vessels  strongly  con- 

stricted.   Blood  pressure  30  mm.  Hg. 

4:25  Aorta  clamped  again.     Blood  pressure  rapidly  rose  to  87  mm.  Hg. 

4:26  Denervated  ear  widely  dilated.    Normal  ear  blanched;  bloodless. 

4:35-40  Cut  the  auricularis  magnus  and  removed  superior  cervical  ganglion  on  left  side 

— that  is  for  normal  ear.  "Normal"  ear  vessels  became  maximally  dilated. 
Aorta  is  still  clamped  and  blood  pressure  high. 

4  :45  Clamp  removed  from  aorta.    Blood  pressure  fell  at  once  to  22  mm.  Hg. 
4:47                Vessels  both  ears  same  size  (moderately  dilated). 

4:48  No  lid  reflex.     Blood  pressure  22  mm.  Hg. 

4:49  Clamped  aorta. 

4:52  Blood  pressure  88  mm.  Hg.    Slight  lid  reflex.    \'essels  both  ears  practically  max- 

imally dilated.     Clamp  off  aorta. 

4:57  Blood  pressure  36  mm.  Hg.     Slight  lid  reflex.     \'essels  of  both  ears  moderately 

dilated. 

4:57;/2  Clamped  aorta  again. 

4:59  Blood  pressure  100  mm.  Hg.     Vessels  both  ears  maximally  dilated. 

5  :00  Clamp  off  aorta. 
5  :08                Animal  killed. 

In  this  experiment  the  blood  pressure  had  fallen  within  one  hour  after  the 
beginning  of  the  operation  to  32  mm.  Hg.  pressure — that  is  to  about  one-third 
of  the  pressure  normally  present.     At   this   pressure   there   was   only   a   slight, 
though  definite  difference  between  the  vessels  of  the  two  ears.     When  the  aorta 
was  clamped  at  4:13  and  the  blood  pressure  in  the  head  reg-ion  rose  quickly  to 
94  mm.  Hg.  a  marked  contrast  appeared  between  the  vessels  of  the  two  ears. 
The  denervated  vessels  became  widely  distended  with  blood  while  the  normally 
innervated  vessels  continued  to  be  moderately  constricted.     \\  lien  the  aorta  was 
undamped  the  blood  pressure  fell  quickly  to  a  low  level  again — namely  30  mm. 
Hg.     There  was  still  a  difference,  though  not  a  marked  one,  between  the  ears. 
At  4:25   the   aorta  was   clamped  and   the  blood   pressure   rose  to  i<7  mm.    Hg. 
This  time  the  difference  between  the  two  ears  was  even  more  marked  than  af- 
ter the   previous   clamping,    for   the   protocol    reads   that   this   time    the    normal 
ear  was   "blanched   and   bloodless."   whereas   before   it    was   described   as   being 
"moderately  constricted."     Tn  other  words,  it  might  be  thought   that  the  vaso- 
motor center  had  not  only  not  lost  any  of  its  grip  upon  the  blood   vessels  dur- 
ing the  past  fifteen  minutes,  but  had  actually  increased  its  tonus.     .At  this  point 
in  the  experiment  the  final  step  in  the  test  was  made  to  determine  whether  the 
vessels  of  the  normal  ear  were  constricted  because  of  the  activity  of  the  vaso- 
motor center,  i.  e.,  the  vaso-motor  nerves  of  the  normal  ear  were  ([uickly  exi^osed 
and  severed.      The   result    was   unmistakable,    for   the   "normal"    ves^^els   (juickly 
became  maximally  dilated.     At  no  time  thereafter  were  they  again  smaller  than 
those  that  had   been   denervated   llie   day    before.      Twice,    later,    ib.e   aorta    was 
clamped  and  unclampetl.     The  blood  pressure  rose  from  22  to  88  mm.  Hg.  and 
from   36   to    100  mm.    Hg.,   respectively.      Each    time    the   vessels   of   both   ear.s 
dilated   strongly   with    the   rise   in   blood   ])re-sin-e   and   emptied   somewhat   when 
the  fall  came.     That  is.  they  both  reacted  in  the  sattie  direction,  in  strong  con- 
trast to  their  reaction  before  the  "normal"  ear  was  denervated. 

The  following  is  an  example  of  a  one  day   (20  hours)    rabbit  in  which,  to- 
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ward  the  end  of  the  experiment,  the  cervical   sympathetic  was   frozen   instead 
of  cut,  as  in  the  former  experiment : 

PROTOCOL  II. 

Experiment  32.     July  30,  1914.     White   Female  Rabbit.     1550  grm. 
Vessels  of  right  ear  denervated  20  hours  before  shock  experiment. 
8:10  A.  M.     Before  disturbing  animal  in  cage  the  vessels  of  normal  car  were  strongly  con- 
stricted, while  the  denervated  ear  vessels  were  widely  dilated. 
8:15  Began  operation.    Method  exactly  same  as  in  Experiment  14  (Protocol  I),  ex- 

cept that  this  time  adrenals  were  not  removed. 
8:50  Operation  completed.    Vessels  of  both  ears  same  size;  moderately  dilated. 

9:06  Have  been  handling  abdominal  viscera  for  over  ten  minutes.     Normal  ear  well 

constricted;    denervated   ear    well   dilated.      A    marked    difference   between 
them.    Lid  reflex  good.    Respiration  132. 
9:43  Blood  pressure  46  mm.  Hg.    Normal  ear  well  constricted.    Denervated  ear  mod- 

erately dilated. 
9:44  Clamped  aorta. 

9 :46  Blood  pressure  72  mm.  Hg.     Normal  ear  still  well  constricted.     Denervated  ear 

vessels  gorged   with  blood. 
10:15  Clamp  oflf  aorta. 

10:25  Again  clamped  aorta. 

10 :28  Normal  ear  vessels  well  constricted.    Denervated  vessels  widely  dilated. 

10:30  Froze  left  cervical   sympathetic   nerve   with   ethyl   chloride   spraj'.     Vessels   of 

"normal"  ear  became  quickly  as  widely  dilated  as  those  of  denervated  ear. 
10:45  Clamp  off  aorta. 

11:08  Blood  pressure  30  mm.  Hg.     Respiration  44  per  minute.     Lid  reflex   sluggish. 

"Normal"  vessels  slightly  dilated.     Denervated  vessels  moderately   dilated 
(i.  e.,  somewhat  wider  than  "normal"  vessels). 
11  :09  Clamped  aorta  again.    Blood  pressure  rose  to  54  mm.  Hg.    Denervated  ear  ves- 

sels gorged.     "Normal"  ear   (nerve  frozen  at  10:30)   well  dilated  but  def- 
initely less  so  than  denervated  ear  vessels. 
ll:10j/2  Clamp  off  aorta.     Blood  pressure  fell  at  once  to  23  mm.  Hg.     Lid  reflex  slug- 

gish.    Animal  seems  deep  in  shock.     Allowed  to  die. 

The  results  of  this  experiment  are  essentially  the  same  as  those  of  the 
previous  one.  The  normal  vessels  remained  constricted  until  the  conductivity 
of  the  cervical  sympathetic  nerve  on  that  side  was  temporarily  abolished  by 
freezing  it  with  the  ethyl  chloride  spray.  They  became  then  as  widely  dilated 
as  the  denervated  vessels.  The  freezing  was  discontinued  as  soon  as  the  ves- 
sels of  the  corresponding  ear  dilated.  That  the  conductivity  of  the  nerve  had 
not  been  permanently  abolished  by  the  freezing  is  shown  by  the  fact  that  39 
minutes  later  (11:09)  when  the  aorta  was  again  clamped  the  normal  vessels 
did  not  dilate  so  strongly  as  the  denervated  vessels.  Some  permanent  injury 
had  evidently  been  done,  however,  for  the  normal  vessels  did  not  return  again 
to  a  state  of  strong  constriction.  It  will  be  noted  that  a  good  dilatation  was 
obtained  in  this  case  by  destroying  the  conductivity  of  only  one  of  the  nerves 
supplying  the  vessels  of  the  normal  ear. 

In  the  following  experiment  the  control  ear  was  denervated  three  days  be- 
fore the  shock  experiment. 

PROTOCOL  HI. 

Experiment  34.  Sept.  12,  1914.  White  Male  Rabbit.  1250  grm.  Left  ear  de- 
nervated three  days  ago. 

8:10  A.  M.     Vessels  of  normal  ear  constricted.     Those  of  denervated   ear  well   dilated. 

8:20  Operation  began — tracheotomy,  abdomen  opened  wide,  aorta  exposed  just  below 

diaphragm,  canula  in  left  axillary  artery  for  blood  pressure.  Adrenals  left 
intact. 
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9  .ZZ  Operation  completed.     Blood  pressure  80  mm.  Hg. 

9 :40  Lid  reflex  sluggish.     Respiration  48,  slow,  efficient,   regular.     Normal  ear  ves- 

sels strongly  constricted.     Denervated  vessels  slightly  dilated. 
9  :50  Clamped  aorta. 

9:54  Normal  ear  as  before  strongly  constricted.     Denervated  vessels  well  dilated.     A 

marked  diff'erence  between  them. 
9:57  Clamp  off^  aorta. 

10:32  Blood  pressure  53  mm.  Hg. 

IQ-.ilYi  Clamped  aorta.     E'lood  pressure  rose  rapidly  to  108  mm.  Hg.     Normal  ear  ves- 

sels bloodless  as  before.  Denervated  vessels  gorged  with  blood.  The  dif- 
ference can  be  seen  across  the  room  without  difficulty. 

10:37  Clamp  removed  from  aorta.     Blood  pressure  fell  to  49  mm.  Hg.     Heart  became 

irregular  and  slow.  Lid  reflex  gone.  Struggling,  apparently  dying. 
Clamped  aorta  again.     Blood  pressure  rapidly  rose  to  119  mm.  Hg. 

10 :42  Blood  pressure   120  mm.   Hg.     Normal  ear  absolutely  bloodless  and  blanched. 

Denervated  vessels  gorged  with  blood. 

10:50  Clamp  off  aorta.     Blood  pressure  fell  to  48  mm.  Hg. 

10:52  Blood  pressure  very  low.     Lid  reflex  sluggish.     Respiration  40  per  minute,  reg- 

ular, efficient.  Normal  ear  vessels  blanched.  Denervated  ear  pink,  but  ves- 
sels slightly  constricted.  No  response  to  handling  of  viscera  or  stroking  of 
parietal  peritoneum.     Aorta  clamped. 

10:521^  Ether  applied  to  trunk  of  right  sympathetic. 

10:53j/4  "Normal"  ear  vessels  widely  dilated.     Somewhat  wider,  in  fact,  than  vessels  of 

ear  denervated  three  days  ago. 

10:55  Ether  washed  off  nerve.     Clamp  off  aorta. 

11:05  Denervated  vessels  slightly  dilated.     "Normal"  vessels  somewhat  smaller  than 

control  vessels.     Aorta  clamped. 

11  :08  "Normal"   ear  vessels   definitely  smaller  tiian   those   of  control  ear,  which   are 

well  dilated.     Again  applied  ether  to  cervical  sympathetic  and  normal  ves- 
sels dilated  as  before. 
Experiment  discontinued. 

The  first  point  to  be  noted  in  this  experiment  is  that  the  control  vessels  re- 
acted very  satisfactorily  to  internal  pressure  changes.  If  they  resisted  at  all 
the  tendency  toward  dilatation  when  the  blood  pressure  was  raised  by  clamping 
the  aorta,  it  was  certainly  not  to  any  marked  degree,  for  the  word  "gorged"  de- 
scribed best  the  picture  presented  at  that  time.  This  engorgement  did  not  con- 
fine itself  to  the  main  trunk  vessels  of  the  control  ear.  The  whole  ear  was  suf- 
fused to  a  marked  extent.  Inasmuch  as  three  days  elapsed  between  the  denerva- 
tion of  this  ear  and  the  execution  of  the  shock  experiment,  we  believe  it  can 
hardly  be  claimed  that  this  dilatati<Mi  was  in  any  sense  due  to  a  persistent  stimu- 
lation of  vaso-dilator  nerve  fibers  that  were  injured  three  days  before  when  the 
nerves  were  cut.  The  evidence  in  favor  of  this  view  is  even  more  conclusive 
in  the  protocol  which  follows,  for  in  that  case  seven  days  elapsed  after  cutting 
the  nerves  of  the  control  ear  before  the  shock  experiment  was  carried  out,  yet 
the  conduct  of  the  vessels  of  the  control  ear  was  essentially  the  same  as  in  the 
experiment  under  discussion. 

The  conduct  of  the  vessels  of  the  normal  ear  in  this  experiment  is  strik- 
ing. Two  and  a  half  hours  after  the  beginning  of  the  experiment  the  l)lood  pres- 
sure had  fallen  to  48-49  mm.  Hg.  (see  Protocol  at  10:37  and  10:50).  When 
the  aorta  was  clami)ed  at  10:42  the  blond  pressure  ro.se  to  120  mm.  Hg. — that 
is,  to  a  high  lew!  for  the  normal  rabbit.  The  general  condition  of  the  animal, 
at  this  stage  of  the  experiment,  was  bad.  The  lid  reflex  was  sluggish  and  sen- 
sory responses  verv  poor  or  entirely  absent.  In  spite  of  the  state  of  the  ani- 
mal, generally,   an<l    in    sj^ite  of  the   very   high    blood   pressure,   the   normal    ear 
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(10:42)  remained  "blanched  and  l.loodless."  Furthermore,  the  vessels  re- 
mained persistently  in  a  state  of  what  seemed  to  be  maximal  constriction  until 
the  conductivity  of  the  cervical  sympathetic  nerve  on  that  side  was  abolished 
by  the  application  of  ether.  Immediately  thereafter  the  vaso-con.striction  of  the 
normal  ear  was  replaced  by  a  marked  dilatation,  thus  furnishing  evidence  that 
the  preceding  constriction  was  due  to  the  active  influence  of  the  vaso-constric- 
tor  center.  We  wish  to  call  attention  to  the  following  additional  evidence  that 
we  are  dealing  here  with  an  active  vaso-motor  center.  The  ether  was  washed 
ofif  the  cervical  sympathetic  as  quickdy  as  possible  after  the  vessels  of  the  "nor- 
mal" ear  dilated.  This  was  done  to  prevent,  if  possible,  a  permanent  abolition 
of  the  nerve  conductixity.  We  had  the  satisfaction  of  seeing  later  a  par- 
tial recovery  of  tonus  liy  the  vessels  of  the  "normal"  ear — that  is.  these  vessels 
again  became  distinctlv  smaller  than  those  of  the  control  ear  under  the  same 
pressure.  That  they  did  not  again  Ijecome  strongly  constricted,  was  due  in  all 
probability  to  some  permanent  injury  produced  by  the  ether.  A  second  ap- 
plication of  ether  to  the  cervical  sympathetic  again  brought  about  a  strong  dila- 
tation of  the  "normal"  vessels. 

The  fact  that  the  vessels  of  the  normal  ear  became  slightly  more  dilated, 
after  application  of  the  ether  to  the  cervical  sympathetic,  than  those  of  the 
control  (denervated)  ear,  illustrates  the  statement  made  above  that  vessels  sev- 
eral days  after  denervation  usually  show  a  greater  tendency  to  resist  the  dilat- 
ing influence  of  internal  pressure  than  do  vessels  that  have  just  been  denervated. 

PROTOCOL  IV. 

Experiment  17.     June   16,   1914.     Seven  Day  Rabbit.     White  Male.     1850  grm. 
Right  ear  denervated  seven  days  before  shock  experiment. 
^^■^:14  A.  M.     Vessels   of   denervated   ear  definitely,   but   only    slightly,    wider   than    those   of 
V/  normal  ear. 

8:15  Began   operation.      Tracheotomy.     Abdomen   opened   wide,    adrenals    removed; 

canula  in  abdominal  aorta  at  level  of  bifurcation  into  iliac?,  for  blood  pres- 
sure tracing. 

9:08  Began  registering  blood  pressure.     Blood  pressure  42   mm.   Hg.     Normal  ear 

vessels  wide.    Denervated  ear  vessels  small. 

9:25  Normal  ear  blanched.     Denervated  ear  moderately  constricted,  but  vessels  def- 

initely wider  than  normal  ear  vessels. 

9:33  Clamped   abdominal   aorta   above   celiac.     Normal   ear   remained   blanched   and 

bloodless.  Denervated  ear  vessels  fairly  widely  dilated  and  the  whole  ear 
bright  pink  in  color.  Could  not  register  blood  pressure  while  aorta  was 
clamped. 

9 :38  Clamp  oflf  aorta. 

9:39  Animal  in  very  deep  shock. 

9:43  Blood  pressure  30  mm.  Hg.     Lid  reflex  very  sluggish.     Normal  ear  bloodless. 

Denervated  ear  well  suffused.    Vessels  moderately  dilated. 

9:47  Abdominal  aorta  clamped  above  celiac  again. 

9:49  Normal    ear   blanched   as   before.      Denervated   ear   vessels    almost    maximally 

dilated.     The  difference  between  the  ears  is  very  striking. 

9:54  Clamp  off  aorta. 

10 :05  Blood  pressure  24  mm.   Hg.     Lid   reflex   very   sluggish.      Respiration   regular, 

shallow,  52  per  minute.     Normal  ear  bloodless  as  before.     Denervated  ear 
moderately  dilated  and   suft'used. 
10:10  Removed  left  superior  cervical  ganglion  and  clamped  aorta  above  celiac. 

10:12  Normal  ear  vessels   (just  denervated)    almost  maximally  dilated.     Wider  than 

the  other  ear.  Denervated  ear  vessels  (former  denervation)  moderately 
well  dilated. 


Vaso-Constrictor  Center  During  Development  of  Shock  293 

10:28  Ears  same  as   10:12.     Respiration  24  per  minute.     Lid  reflex  sluggish.     Heart 

feeble  and  slow. 
10  :30  Clamp  oflf  aorta.     Struggling.     Blood  pressure  15  mm.  Hg. 

10:34  Animal  nearly  dead.     Blood  pressure   falling  gradually.     Killed. 

As  regards  the  conduct  of  the  vessels  of  the  normal  ear  the  experiment 
differed  in  no  essential  respect  from  the  experiments  already  described.  Be- 
fore, during  and  immediately  after  the  operation,  these  vessels  showed  evi- 
dences of  the  usual  varying  intensity  of  vaso-constrictor  tonus  (8:1-4 — moder- 
ate constriction  ;  9.08 — wide  dilatation ;  9  :25 — blanched  )  ;  later  in  the  experi- 
ment, when  the  blood  pressure  became  very  low,  they  showed  no  relaxation  at 
any  time.  \\'hether  the  aorta  was  clamped  or  not,  the  normal  ear  vessels  re- 
mained practically  maximally  constricted. 

This  contrast  between  the  vaso-motor  reactions  obtained  in  the  early  and 
in  the  late  stages  of  the  experiment  was  seen  so  frequently  that  we  may  say 
it  was  practically  a  constant  phenomenon.  The  vessels  of  the  normal  ear  were 
usually  in  a  state  of  moderate  constriction  before  the  animal  was  disturbed  in 
the  cage  and  practically  always  became  widely  dilated  in  consequence  of  the 
handling,  tying  down  and  operating — in  short,  before  the  experiment  began  and 
during  its  early  stages  they  were  subject  to  varying  degrees  of  contraction  and 
dilatation.  In  the  late  stages,  however,  there  was  almost  never  a  variation  from 
a  state  of  vaso-constrictor  tonus  sufficient  to  keep  the  normally  innervated  ves- 
sels strongly  contracted.  This  may  be  interpreted  to  mean  that  early  in  the 
experiment,  when  the  general  blood  pressure  control  bv  the  vaso-motor  center 
is  ample,  either  a  vaso-constrictor  or  a  vaso-dilator  response  may  be  made  by 
the  center  to  a  change  in  the  environment ;  that  later  in  the  experiment,  how- 
ever, when  the  blood  pressure  has  shown  a  strong  tendency  to  fall,  the  vaso- 
constrictor center  marshals  all  its  forces  and  only  one  type  of  response  is  seen 
— namely  a  strong  constriction;  that,  moreover,  this  constrictor  influence  is  main- 
tained through  a  period  when  other  functions  show  marked  signs  of  giving  way. 

Again,  in  this  experiment,  we  see  that  the  "normal"  vessels  became  strong- 
ly dilated  as  soon  as  the  cervical  sympathetic  path  was  interfered  with.  The  chief 
reason  for  presenting  this  protocol  is  that  the  control  vessels,  .'-^exen  days  after 
denervation,  reacted  in  the  same  sense  as  did  those  of  the  so-called  "one  day" 
rabbits.  It  is  surely  reasonable  to  conclude  that  the  dilatation  seen  in  this  case 
in  the  denervated  ear,  after  clamping  the  aorta,  was  due  to  mechanical  disten- 
tion of  the  walls  caused  by  the  pressure  of  the  fluid  within,  and  not  lo  any 
vaso-dilator  influence  of  nervous  origin.  We  regard  this  as  a  point  of  vital  im- 
portance. If  it  be  proven  that  the  dencrxated  \essels  respond  to  increased  pres- 
sure b}-  a  distention,  then  the  normal  \essels  should,  if  left  to  themselves,  re- 
act in  the  same  wd\.  If  they  react  in  an  opposite  sense  it  must  be  due  to  some 
outside  influence.  We  belie\e  we  ha\e  shown  l)y  the  experiments  here  de- 
scribed tliat  there  is  an  oiUside  intluence  and  that  it  can  be  renio\  ed  bv  sever- 
ing the  connection  between  tlie  vaso-constrictor  center  and  the  \essels.  More- 
over, we  believe  the  foregoing  e\i(lence  warrants  us  in  eoncluling  lli;it  the 
vaso-constrictor  center  is  not  the  first  ol  the  \il;il  centers  to  fail.  In  fad.  there 
is  some  warrant  for  believing  that  at  a  time  wlu'n  other  functions  h;i\e  yielded 
defmitely,   the   xasn-constrictor  center   still    shows   marked  activity. 

Again    in   this   protocol    we   lind   an    illustration   of   a   statement   made   in   the 
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early  part  of  the  paper,  namely — that  if  several  days  elapse  after  denervation, 
the  denerxated  vessels  show  a  considerable  tendency  to  establish  autonomy. 
This  is  evident  throughout  the  experiment. 

There  is  one  other  fact  to  be  noted  in  this  protocol  which  was  noted  also 
in  a  number  of  other  animals  experimented  upon  several  days  after  denerva- 
tion of  the  ear.  The  denervated  vessels  showed  a  greater  tendency  to  contract 
at  the  beginning  of  the  experiment  than  during  the  latter  part.  W'e  do  not 
wish  to  enter  at  this  time  upon  an  exhaustive  discussion  of  the  possible  rea- 
sons for  this  apparent  paradox.  It  might  be  said  in  line  with  Bayliss'  experi- 
ments, that  in  the  beginning  the  stronger  tendency  to  constrict  was  the  impulse 
furnished  the  muscular   wall   of  the  blood   vessel   by   the  high   blood   pressure; 


Fig.   2. — The  rabbit  is  in  shock.      The  left  ear    (constricted  vessels)    is  in   connection   with  vaso-constrictor 
center.      The  right  ear   (.dilated  vessels)   has  been  cut  off  from  central  control.      (See  Protocol  V.) 

and  that  as  the  blood  pressure  fell,  during  the  course  of  development  of  shock, 
this  tendency  also  diminished  and  the  vessels  dilated.  Against  this  view  stands 
the  fact  observed  in  several  instances  that  the  vessels  dilated  late  in  the  experi- 
ment more  than  in  the  beginning,  even  if  the  blood  pressure,  by  clamping  the 
aorta,  was  raised  to  from  70  to  90  per  cent  of  the  normal  level.  If  the  vessels 
were  stimulated  to  constriction  by  the  high  blood  pressure  in  the  beginning, 
they  ought  to  respond  to  pressure  in  the  same  way  later  on.  Since  we  plan 
to  investigate  further  the  pressure  reactions  of  blood  vessels,  we  will  leave  a 
further  discussion  of  this  point  until  a  future  time. 

The  protocols  already  presented   are   representative  of  the  results  obtained 
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in  by  far  the  majority  of  the  experiments,  ^^'e  may  designate  as  the  tj'pe  ex- 
periment, one  in  which  the  development  of  shock  was  a  graduahy  progressive 
phenomenon  that  could  be  represented  roughly  by  a  straight  line  with  one  end 
placed  lower  than  the  other.  In  some  cases  the  descent  into  a  condition  of 
shock  was  relatively  rapid ;  in  others  very  slow.  The  former  of  these  could  be 
represented  by  a  line  indicating  a  steep  slope;  the  latter  by  a  longer  line,  hav- 
ing a  much  more  gradual  slope  downward.  In  both  of  these  the  vaso-motor 
center  was  strongly  resistant.  So  far  as  one  could  judge  from  the  vessels  of 
the  normal  ear  there  was  no  time  during  the  experiment,  unless  it  were  at  the 
very  end,  i.  e.,  just  before  death,  that  the  vaso-constrictor  center  was  not  ac- 
tive (we  are  not  speaking  of  degree  of  activity  now). 


Fig.  3.-^Same  rabbit  as  shown  in  Fig.  2.  Photograijh  taken  later  in  the  experiment  after  the  ves- 
sels of  the  left  ear  had  also  been  cut  oflf  from  central  control.  The  formerly  well  contracted  vessels  of 
the  left  ear  are  now  well  dilated.      (See  Protocol  V.) 

We  have  three  experiments  which  present  a  variation  from  the  above  type 
and  which  throw  an  interesting  ligiit  upon  this  struggle  of  the  vaso-motor  cen- 
ter for  control  of  a  desperate  situation.  \\'e  may  describe  this  type  as  one  in 
which  the  slope,  representing  the  general  condition  of  the  animal,  is  interrupted 
at  one  point  by  a  sudden  sharp  descent  of  the  line,  followed  by  a  more  or  less 
rapid  return  of  the  line  to  the  level  of  the  original  slope,  v^uch  an  experiment 
is  the   following: 

TKOTOCOT,  V. 

Bxpcrimciit  28.     July  15.  1914.     Male  White  Rabbit.     1550  grm.     Sliock  experi- 
ment started,  24  hours  afler  denervatinii'  vessels  of  ri.uht  ear. 
8:05  A.    M.     Vessels  of  dencrvated  ear  well  dilated.     Tliose  of  normal  ear   well  cons'.rieted. 
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8:10  Operation  began.    Method  exactly  same  as  in  Experiment  34  (Protocol  III). 

8:50  Operation  finished.     Lid  reflex  good.     Respiration  regular  and  efficient. 

9:03  Blond  pressure  34  mm.  Hg.     Vessels  of  denervated  ear  well  dilated.     Xormal 

vessels  well  constricted. 

9:15  Considerable  Ijlood  lost  accidentally   from  axillary  artery.     Struggling.     Heart 

and  respiration  stopped.  Lid  reflex  gone.  Clamped  aorta  above  celiac. 
Started  artificial  respiration   and  cardiac   massage. 

9:19  Recovering  well  now. 

9:25  Just  before  animal  nearly  died,  at  9:15,  the  normal  ear  was  practically  blanched, 

while  the  denervated  vessels  were  well  dilated.  Then  at  9:19,  witli  the 
recovery  of  the  animal,  the  vessels  of  the  normal  ear  became  widely  dilated 
(no  vaso-constrictor  tonus  evident  at  all).  Now  the  normal  vessels  are 
alread}^  beginning  to  constrict.  They  are  definitely  smaller  than  the  de- 
nervated vessels  again. 

9:32  Vessels  of  denervated   ear  well  dilated.     Xormal  vessels  practically  blanched. 

Aorta  still  clamped.    Blood  pressure  92  mm.  Hg. 

9:40  Took  photographs  of  ears  as  at  9:32   (Fig.  2).     While  taking  the  photograph, 

observed  that  the  vessels  of  normal  ear  showed  excellent  rhythmic  con- 
tractions and  dilatations  at  the  rate  of  6  per  minute.  The  vessels  oscillated 
between  "blanched"  and  "slightly  constricted."  The  rhythmic  changes  easily 
seen  at  a  distance  of  three  feet.  Denervated  vessels  never  showed  rhythmic 
contractions. 
10:10  Must  leave  clamp  on  aorta,  otherwise  blood  pressure  quickly  falls  to  near  zero 

and  heart  stops.     Cut  left  cervical   sympathetic   and  removed  ganglion. 
10:20  Vessels  of  left  (normal)   ear  already  wide.     More  photographs  (Fig.  3). 

10:32  Blood  pressure  96  mm.  Hg.  with  aorta  clamped. 

10  -.37  Clamp  off^  aorta. 

10:38  Blood  pressure  12  mm.  Hg.     Heart  stops  if  clamp  is  removed   from  aorta  for 

any  length  of  time.     Lid   reflex  nearly  gone. 
10:38j/2  Heart  nearly  stopped.     Clamp  on  aorta  again. 

10:45  Lid  reflex  good.    Respiration  very  slow,  regular,  and  apparently  efficient.    Blood 

pressure  has  risen  to  35  mm.  Hg.  Vessels  of  left  ("normal")  ear  (de- 
nervated at  10:10)  slightly  wider  even  than  "denervated"  vessels.  Heart 
stops  quickly  whenever  clamp  is  removed  from  aorta.  Experiment  discon- 
tinued. 

Here  we  see  an  animal  in  which  (until  9:15)  the  course  of  the  descent 
into  a  state  of  shock  was  in  no  essential  particular  different  from  the  usual 
one,  which  has  already  been  described.  At  9:15  an  accidental  hemorrhage 
nearly  resulted  in  the  death  of  the  animal.  Both  the  heart  and  respiration 
stopped  and  the  lid  reflex  disappeared.  \\'ithin  four  minutes,  however,  through 
the  use  of  artificial  respiration  and  cardiac  massage,  the  animal  had  revived  and 
was  doing  fairly  well.  The  blood  vessels  of  the  normal  ear,  which  before  the 
hemorrhage  were  strongly  constricted,  showed  now  a  marked  contrast  to  that 
condition.  They  were  widely  dilated,  which  means  that  there  was  little  if  any 
evidence  of  vaso-constrictor  tonus.  From  this  time  on,  however,  the  vessels 
gradually  became  smaller  and  smaller.  At  the  end  of  six  minutes  they  were 
already  definitely  smaller  than  those  of  the  control  (denervated)  ear.  At  the 
end  of  thirteen  minutes  they  were  again  as  strongly  constricted  as  before  the 
hemorrhage.  One  of  the  photographs  taken  shortly  after  this  (Fig.  2)  shows 
something  of  the  contrast  between  the  vessels  of  the  two  ears,  though  it  is  by 
no  means  as  striking  as  the  actual  picture  presented  by  the  ears  themselves. 
The  reason  for  this  is  twofold.  First,  the  smaller  vessels  of  the  denervated  ear 
that  were  visible  to  the  naked  eye  do  not  show  up  distinctly  and  the  opacity  of 
the  larger  vessels  along  their  margins  seems  to  have  been  insufficient  to  cast  a 
distinct  shadow  upon  the  photographic  plate.     As  a   result  these    (larger)    ves- 
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sels  seem  narrower  in  the  photograph  than  they  actually  appeared  to  the  eye. 
Second,  the  photograph  fails  entirely  to  show  the  color  differences  of  the  two 
ears.  The  engorgement  of  the  denervated  ear  was  not  confined  to  the  larger 
vessels,  but  seemed  to  in\olve  al.-o  those  that  were  invisible  to  the  eye  for  the 
whole  ground  substance  of  this  ear  had  a  definite  and  marked  pinkish  flush. 
The  normal  ear,  in  contrast  to  this,  had  a  cadaveric  whiteness  which  was  tinged 
with  a  suggestion  of  yellow  rather  than  of  pink.  In  addition  to  this  blanch- 
ing of  the  ear  substance,  the  smaller  vessels  were  invisible  and  the  larger  ones 
reduced  to  mere  threads. 

In  order  to  convev  a  more  accurate  impression  of  this  contrast,  we  had 
the  artist  make  a  water  color  sketch  from  life  (see  Fig.  1).  While  it  is  of 
necessity  partially  schematic  so  far  as  the  vessels  of  the  ears  are  concerned, 
still  it  gives  a  much  more  exact  general  impression  than  does  the  photograph. 

Both  the  photograph  (Fig.  2)  and  the  colored  sketch  (Fig.  1)  represent 
the  appearance  of  the  ears  at  a  time  when  the  general  blood  pressure  was  so 
low  that  the  heart  stopped  when  the  clamp  was  removed  from  the  aorta,  thus 
allowing  the  splanchnic  area  and  the  posterior  part  of  the  body  to  be  included 
in  the  circulation.  AMth  the  aorta  clamped  just  below  the  diaphragm,  however, 
the  heart  built  up  a  pressure  in  the  head  region  eqtial  to  92  mm.  of  mercur}', 
and  in  the  face  of  this  pressure  the  vessels  of  the  normal  ear  remained  con- 
stricted as  shown  in  the  two  figures  just  mentioned. 

A  little  later  in  the  experiment  the  vessels  of  the  normal  ear  were  also 
denervated.  whereupon  the  constriction  of  these  vessels  was  quickly  replaced 
by  a  wide  dilatation.  Fig.  3  is  one  of  the  photographs  taken  at  this  stage  of 
the  experiment.  While  it  fails  to  bring  out  the  flushing  of  the  ear  substance 
that  developed,  it  does  show  fairly  well  the  enlarged  blood  vessels. 

The  description  of  the  contrast  between  the  normal  and  the  denervated 
vessels  just  given  holds  in  a  general  way  for  all  the  experiments  in  the  series. 
The  individual  variations  that  were  seen  were  variations  in  the  degree  of  the 
contrast.  When  "one  day"  rabbits  were  used,  and  the  aorta  clamped  temporarily 
late  in  the  experiment,  the  above  described  differences  obtained  in  by  far  the 
majority  of  the  experiments. 

As  already  stated.  Protocol  V  is  one  of  a  group  of  three  experiments  in 
which  there  was  evidence  of  early  vaso-constrictor  failure.  Of  the  two  remain- 
ing experiments,  which  belong  to  this  group,  one  was  in  all  respects  similar  to 
Protocol  V.  That  is,  there  was  only  a  temporary  loss  of  vaso-constrictor  activity 
after  stoppage  of  the  heart,  and  this  was  followed  by  a  good  recovery.  In  the 
third  experiment,  although  the  animal  recovered  sufficiently  to  breathe  without 
artificial  respiration,  it  was  not  possible  at  any  time  thereafter  to  remove  the 
clamp  from  the  aorta  witliout  causing  stoppage  of  the  heart.  This  was  ap- 
parently due  to  the  fact  that  the  venous  return  to  the  heart  was  insufficient, 
for  upon  removing  the  aortic  clamp  the  arterial  pressure  quickly  fell  to  a  verv 
low  level,  e.  g..  from  62  to  14  mm.  Hg..  and  soon  thereafter  the  heart  would 
slow  up  and  stop.  Moreover,  during  the  remainder  of  the  experiment  the  ves- 
sels of  the  normally  innervated  ear  reacted  to  internal  pressure  changes  in  ex- 
actly the  same  way  as  those  of  the  denervated  (control)  ear.  All  of  which 
means  that  after  the  temporary  stoppage  of  the  heart  and  respiration  early  in 
the  experiment  the  vaso-constrictor  center  ne\er  gave  any  evidence  of  recovery. 
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We  have  made  no  systematic  study  of  the  effects  of  liemorihagc  or  tem- 
porary cardiac  failure  upon  the  resistance  of  the  vaso-constrictor  center.  I  Jut 
the  results  obtained  in  these  three  experiments  indicate  that  if  such  accidents 
complicate  the  situation  the  behavior  of  the  center  is  markedly  different  from 
what  it  is  in  those  cases  in  which  shock  is  produced  by  operative  trauma  alone. 

^^■e  appreciate  well  the  fact  that  in  such  studies  as  this  it  may  always  be 
disputed  that  the  condition  studied  was  really  that  of  surgical  shock.  We  wish, 
however,  to  call  attention  to  this  important  point  in  connection  with  our  experi- 
ments. It  is  not  essential  that  our  animals  be  reduced  to  a  condition  which 
will  be  ackiiozdedged  by  everyone  to  be  identical  z^'itJi  deep  surgical  shock  as 
usually  encountered.  We  were  convinced  that  our  animals  sank  finally  into 
such  a  state.  It  must  be  recalled,  however,  that  our  problem  was  to  determine 
wdiether  during  the,  course  of  development  of  shock  the  loss  of  vaso-constrictor 
tonus  is  the  primary  cause  of  all  the  remaining  .symptoms,  or  whether  this  tonus 
persists  until  other  symptoms  have  become  marked.  Whether  in  fact,  the  ac- 
tivity of  the  vaso-constrictor  center  may  not  be  well  up  to  normal  at  a  time 
when  the  general  blood  pressure  has  fallen  to  a  low  level  and  the  other  symp- 
toms become  stronglv  developed.  This  being  the  case,  it  was  only  essential  that 
our  animals  be  well  on  the  way  toward  a  condition  of  deep  shock,  and  it  can 
hardly  be  disputed  that  such  was  the  case. 

The  method  used  in  these  experiments  to  demonstrate  the  presence  or  ab- 
sence of  tonus  in  the  vaso-constrictor  center  could,  we  believe,  be  used  as  a 
means  of  demonstrating  vaso-constrictor  activity  in  other  lines  of  experimenta- 
tion just  as  well  as  in  shock. 

Furthermore,  since  we  have  (within  certain  limits)  means  for  raising  the 
blood  pressure  at  will,  the  degree  of  activity  of  this  center  could  be  determined 
by  raising  the  blood  pressure  until  the  normally  innervated  vessels  begin  to 
yield,  i.  e.,  dilate,  under  the  pressure.  We  might  term  this  the  "breaking  point." 
It  might  even  be  possible,  by  making  a  series  of  such  determinations  during  the 
course  of  a  single  experiment,  to  plot  a  curve  that  would  represent  the  behavior, 
as  regards  degree  of  activity,  of  the  vaso-constrictor  center. 

It  has  been  stated"  that  the  left  ear  of  the  rabbit  is  better  supplied  with 
vaso-motor  nerves  than  is  the  right.  If  this  be  the  case,  it  would  be  better  in 
experiments  such  as  these  to  denervate  the  already  poorly  innervated  right  ear 
and  use  it  as  the  control.  In  nearly  all  our  experiments  the  right  ear  was  used 
as  the  control. 

Summary  and  Coxclusions. 

1.  Denervated  blood  vessels  usually  show*  the  best  passive  response  to  in- 
ternal pressure  changes  when  used  within  twenty-foUr  hours  after  their  de- 
nervation. 

2.  Normally  innervated  ear  vessels  are  strongly  constricted  while  the  ani- 
mal is  sinking  into  a  condition  of  shock  and  after  shock  has  developed. 

3.  This  strong  vascular  constriction  persists  even  though  the  blood  pres- 
sure be  raised  well  toward  the  normal  level  (at  a  time  when  the  animal  shows 
distinct  symptoms  of  shock). 


«Meltzer  and  Meltzer:     Am.  Jour.   Physiol.,   1903,  ix,  66. 
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4.  This  vaso-constriction  is  clue  to  the  activity  of  the  vaso-constrictor  cen- 
ter because  (a)  the  control  denervated  vessels  become  strongly  dilated  under 
the  influence  of  the  same  pressure  and  (b)  the  constriction  of  the  normal  ves- 
sels themselves  disappears  at  once  if  their  connection  with  the  vaso-constrictor 
center  is  destroyed  by  cutting  the  nerves,  or  by  abolishing  their  conductivity  with 
ether  or  by  freezing. 

5.  Since  a  fairly  high  degree  of  activity  of  the  vaso-constrictor  center  can 
be  demonstrated  even  after  the  blood  pressure  has  fallen  to  a  low  level  and  re- 
flexes are  sluggish  w-e  believe  it  is  justifiable  to  conclude  that  a  paralysis  or 
failure  of  the  vaso-motor  center  is  not  the  primary  cause  of  the  other  symptoms 
of  surgical  shock. 


THE  PHYSIOLOGY  OF  THE  PARATHYROID  GLANDS^ 


By  W.  F.  Koch,  Detroit,  Mich. 


THERE  are  in  the  animal  organism  a  number  of  epithelial  bodies  occupying 
definite  anatomical  positions.  Some  of  these  structures  which  we  call 
glands,  possess  duct  systems  which  direct  the  product  of  metabolism  of  their 
epithelia  into  some  body  cavity  where  this  product  or  secretion  carries  on  a 
definite  physiological  activity.  On  the  other  hand  a  number  of  these  epithelial 
bodies  are  without  ducts  so  that  no  products  of  their  metabolism  can  be  di- 
rectly collected.  These  are  the  ductless  glands  and  because  of  the  intimate  re- 
lation of  their  cells  to  the  lymph  and  blood  capillaries  they  have  been  supposed 
to  elaborate  substances  which  are  carried  by  the  blood  or  lymph  streams  to  the 
various  cells  of  the  body.  They  have  been  named  therefore  the  glands  of  in- 
ternal secretion.  The  question  of  their  physiological  significance  has  interested 
the  biologist  for  many  years.  Yet  up  to  the  present  day  very  little  light  has 
been  thrown  upon  the  mechanism  of  their  activities. 

A  brief  reference  to  their  phylogenesis  will  show  that  they  are  specializa- 
tions of  protoplasm,  developed  so  as  to  serve  better  the  requirements  of  the 
cells  of  the  complex  multicellular  organism.  Naturally  with  a  development  of 
the  organism,  from  the  simple  single  cell  to  the  large  structure  of  many  millions 
of  cells,  which  may  be  widely  separated  and  therefore  placed  in  diliercnt  en- 
vironments, the  variously  located  cells  must  not  only  carry  on  the  vital  processes 
of  their  simple  progeniture,  but  also  according  to  the  principle  of  adaptation 
they  must  specialize  in  th(jse  activities  which  ihcir  envirunnu'ni  rc(iuires  for 
their  best  service  to  the  organism.  'IMius  the  surface  cells  become  protective; 
certain  other  cells  become  highly  contractile  and  accomplisli  loconintion.  Now 
with  this  specialization  in  function  of  any  cells  the  generality  of  fuiuiion  as 
found  in  the  unicellular  organism  must  be  to  some  extent  sacriliced.  And  the 
specialized  cell  becomes  dependent.  ixM'liaps  parasitic,  upon  other  cells  tcu"  a 
portion  of  the  activities  which  it  no  loiigci-  tinds  opportunity  to  carr}-  oni  itself; 
thus  the  principle  of  mutual  service  is  develoi)etl.     And  it  may  be  as>un]ed  that 
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the  glands  of  internal  secretion  because  of  their  relation  to  the  blood  stream, 
through  this  medium,  supply  vitally  important  substances  to  the  other  cells  of 
the  body.  We  find  a  concrete  example  in  the  chemical  structure  of  the  thyroid 
apparatus.  In  sponges  which  have  no  thyroid  gland  consideraijle  iodin  is  found 
in  the  skeletal  structures.  In  the  higher  organism,  fishes,  mammalian,  etc.,  there 
is  a  thyroid  gland  containing  considerable  iodin  and  the  skeletal  structures  con- 
tain it  no  longer.  It  may  be  assumed,  then,  that  the  thyroid  gland  with  its  iodin 
compound  does  that  metabolic  work  for  the  skeletal  structures  which  they  once 
performed  themselves  when  they  contained  this  iodin  body.  Confirmation  of 
this  assumption  is  observed  in  diseases  of  the  thyroid  apparatus  where  abnor- 
malities in  the  skeletal  tissues  result.  The  physiological  relation  of  adrenalin, 
found  in  adrenal  glands,  to  the  sympathetic  nervous  system  substantiate  fur- 
ther the  interdependence  of  the  various  tissues  and  the  service  the  glands  of 
internal  secretion  may  pay  those  other  tissues  which  work  more  directly  to  the 
adaptation  of  the  organism.  Using  the  above  assumption  as  a  guide  the  writer 
has  endeavored  in  this  work  to  elucidate  the  mechanism  of  activity  of  the  para- 
thyroid glands  which  up  to  the  present  research  though  given  much  attention 
has  remained  obscure. 

\\'ORKIXG   ]]ASIS    and   HISTORICAL    SkETCH. 

The  thyroid  glands  are  two  oval  bodies  located  ventrally  and  laterally  to  the 
thyroid  cartilage  and  trachea  in  the  neck.  In  the  neighborhood  of  these  larger 
glands,  or  imbedded  in  them,  are  four  small  epithelial  bodies.  These  are  the 
parathyroids.  They  may  be  grouped  in  two  pairs,  the  superior  pair  being  lo- 
cated about  the  superior  poles  of  the  thyroid ;  the  inferior  pair  generally  at  the 
inferior  poles.  They  are  flattened,  round  or  oval  in  shape,  and  in  the  dog  to- 
gether present  a  mass  no  larger  than  a  lentil.  Because  of  their  small  size  and 
irregular  occurrence,  they  were  not  discovered  until  1880.  when  Sandstrom 
called  attention  to  their  individuality. 

Histologically,  their  structure  differs  greatly  from  that  of  the  thyroid,  with 
which  they  are  so  closely  associated.  They  receive  their  blood  supply  from 
branches  of  the  thyroid  artery.  Their  veins  enter  into  those  of  the  thyroid. 
The  glands  have  a  capsule  of  connective  tissue,  which,  supporting  the  larger 
vessels,  dips  into  the  glandular  substance,  imperfectly  separating  it  into  lobules. 
These  lobules  may  take  the  form  of  columns  of  cells,  which  anastomose;  and 
these  columns  may  be  made  of  one  or  several  rows  of  cells,  sometimes  grouped 
into  round  follicles.  There  are  three  varieties  of  cells  uniformly  observed.  Two 
of  these  types  are  larger  than  the  thyroid  cells  having  deeply  staining  nuclei  and 
slightly  staining  protoplasm  with  fine  boundaries  quite  distinct.  The  other  type 
resembles  the  thyroid  cell  being  low  columnar  and  arranged  on  a  basement  mem- 
brane which  surrounds,  follicle-like,  a  small  lumen,  that  may  be  fillfed  with  a 
granular  or  colloidal  material.  Of  the  former  type,  a  minority  of  the  cells  are 
large  polygonal  with  deeply-staining  nucleus  and  deeply-staining  granular  proto- 
plasm, which  because  of  its  acidophil  nature,  resembles  some  of  the  hypophysis 
cells.  These  several  varieties  of  cells  may  perhaps  represent,  by  their  differences 
in  appearance,  various  stages  in  functional  activity.  Very  striking  is  the  rich- 
ness of  the  blood  supply.  This  is  of  the  sinusoidal  type.  The  thin  endothelium 
of  the  blood   capillaries   is   placed  in   close   apposition   to   practically   the   whole 
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surface  of  each  cell  from  which  it  is  not  even  separated  by  fibrovis  tissue  strands. 
Frequently,  glands  are  found  in  which  the  epithelial  cords  are  split  by  the  ac- 
cumulation of  colloidal  material  and  thus  an  acinus  is  developed,  which  resem- 
bles closely  the  follicles  that  make  up  the  thyroid  gland.  For  this  reason  the 
parathyroids  have  been  looked  upon  for  some  time  as  embryonic  thyroids. 

Whether  they  have  a  physiological  significance  differing  from  that  of  the 
thyroids  was  disputed  for  some  time,  since  their  supposedly  complete  removal 
from  the  animal  body  was  not  always  followed  by  definite  physiological  changes. 
This  is  not  surprising  for  a  complete  surgical  removal  of  the  glands  is  some- 
times impossible.  Occasionally  one  of  the  glands  may  be  found  in  relation  to 
the  thymus,  or  in  some  other  part  of  the  mediastinum.  We  have  learned,  more- 
over, through  the  work  of  Halsted,^  that  only  a  minute  portion  of  parathyroid 
tissue  is  capable  of  rapidly  growing  sufficiently  large  to  carry  on  the  work  of 
all  the  glands.  This  was  proved  by  carefully  removing  all  the  glands  that  could 
be  found  in  a  favorable  experiment  and  then  transplanting  a  small  piece  of  a 
parathyroid  in  the  abdominal  wall.  It  was  found  that  with  this  small  piece  of 
grafted  parathyroid  tissue  the  animal  behaved  quite  normally  for  a  long  time. 
After  the  transplant  was  removed,  however,  the  typical  complex  of  symptoms 
developed,  which  characterizes  the  parathyroid  insufiiciency.  It  is  not  surpris- 
ing, therefore,  that  the  older  observers  (Forsyth)  looked  upon  the  parathyroids 
as  incompletely  developed  accessory  thyroids,  supporting  this  view  with  the  ob- 
servation that  after  removal  of  the  thyroids,  the  parathyroids  rapidly  changed 
their  structure  to  resemble  that  of  the  thyroids.  In  order  to  explain  the  fre- 
quent appearance  of  the  syndrome  of  parathyroid  insufficiency,  they  assumed 
that  such  changes  were  brought  about  by  injury  to  the  superior  laryngeal  nerve, 
or  other  tissues  of  the  neck  region   (Munk). 

The  capacitv  of  the  parathyrc:id  to  take  up  the  thyroid  function  does  not 
exclude,  however,  an  independent  significance ;  and  that  these  glands  mean 
something  more  than  the  thyroids  was  shown  In'  IJeidl.  Moussu,-  Glay.^  Vas- 
sale  and  Generale.'*  when  they  pointed  (»ut  that  the  removal  of  the  thyroid  pro- 
duces simply  a  condition  of  cachexia  and  the  changes  associated  with  myxed- 
ema, whereas,  removal  of  the  parathyroids  is  responsible  for  a  typical  nervous 
symptom-complex. 

This  syndrome,  though  often  referred  to  as  typical,  has  been  rather  incom- 
pletely described  in  the  literature.  Several  detailed  protocols  are.  therefore, 
submitted.  The  behavior  of  the  parathyroidectomized  dog  may  coincide  with 
either  of  two  distinct  types  of  symptoms,  or  with  a  mixture  of  these  types,  in 
which  eitlur  may  predominate.  In  one  type  the  dominant  feature  is  over-ex- 
citability;  in  the  other  under-excitability.  In  the  former  tonic  convulsions  are 
characteristic  ;  in  the  latter  we  observe  a  peculiar  muscular  flaccidity  and  a  gen- 
eral depression  of  the  nervous  system.  In  cither  case  a  pathological  condition 
develops  witliin  one  or  a  few  days  after  remoxal  of  the  glands  and  proves  fatal 
within  two  to  ten  days.     The  first  type  is  illustrated  in  the  following  protocol: 

Dog  ( .^ )  was  completely  parathyroidectomized  December  '>.  1013,  at  7  v.  m. 
At  8  .\.  M.  December  7th.  he  had  recovered  from  all  visible  effects  of  the  anes- 
thetic and  operation.  lie  seemed  fairly  bright  and  active  until  11  a.  m.  De- 
cember 8th.  At  this  time  the  first  symptoms  of  tetany  were  noticeabh'  in  a 
wrinkling  of  the   forehead  and   twitching  of  the   right  ear.     At    12   o'clock   the 
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twitchings  were  visible  in  the  shoulder  muscles  and  the  hind  limbs  were  some- 
what extended.  During  this  time  the  heart  rate  had  increased  to  160  per  min- 
ute; the  respiration  became  more  rapid  and  somewhat  labored.  At  2  p.  m.  the 
dog  was  found  in  complete  tetany,  lying  on  his  side  with  limbs  extended  and 
with  opisthotonos;  the  jaws  were  locked  and  the  lips  raised.  The  eyes,  be- 
cause of  retraction  of  the  lids,  seemed  to  bulge  out,  the  pupil  was  dilated  and 
the  sclera  injected.  Salivation  and  lacrimation  were  profuse.  During  this  con- 
vulsion the  respirations  were  extremely  difficult,  each  inspiration  and  expu'a- 
tion  producing  a  sound  suggestive  of  laryngeal  spasm.  Inspirations  were  deep 
and  expirations  seemed  incomplete  and  difficult.  At  about  2:15  the  dog  at- 
tempted to  rise  to  his  feet,  but  his  struggles  were  futile  since  flexion  of  the 
limbs  was  impossible.  By  2  :50  the  respirations  had  become  shorter  and  more 
rapid  with  the  production  of  less  sound,  and  it  was  noticed  that  although  the 
hind  legs  were  extended,  one  of  the  fore  limbs  was  now  flexed,  and  instead  of 
being  in  general  tonic  spasms,  the  muscles  now  played  in  twitches.  A  similar 
twitching  was  also  observed  in  shoulder  and  trunk  muscles.  By  3:30  the  respira- 
tion changed  to  a  rapid  panting;  the  muscles  of  the  fore  limbs  were  more  flaccid, 
while  those  of  the  hind  limbs  exhibited  twitches.  The  face  still  retained  a 
peculiar  expression  with  raised  lips,  wrinkled  nose  and  brow  and  ears  drawn 
back.  He  rested  in  this  condition  until  about  7  p.  m.  when  another  and  similar 
convulsion  developed  which  did  not  subside  until  after  midnight.  At  6:30  a.  m. 
the  subject  was  found  dead  in  the  cage  in  an  attitude  of  opisthotonos.  Xecropsy 
showed  a  hyperemia  of  all  of  the  viscera.  The  ordinarily  invisible  intestinal 
vessels  were  so  dilated  as  to  be  easily  traceable,  the  liver  and  spleen  were  mark- 
edly congested,  the  bladder  filled  with  urine  and  the  intestinal  tract  with  fluid. 

The  most  striking  histological  changes  occurred  in  the  blood,  liver,  kidney 
and  brain.  The  blood  of  the  vena  cava  and  heart  of  this  and  all  animals  showed 
extensive  ante  mortem  coagulation.  White  clots  in  several  cases  were  con- 
tinuous from  within  the  heart  chambers  down  the  vena  cava  to  its  iliac  bifurca- 
tion. They  nearly  filled  the  lumen  of  the  vessel.  Upon  section  of  the  liver,  the 
vessels  showed  fragmented  erythrocytes,  many  normoblasts,  erythroblasts  with 
mitotic  nuclei  and  a  small  proportion  of  erythrocytes  that  stained  brilliantly  in 
eosin;  the  remaining  red  cells  in  large  areas  were  blood  shadows.  Each  section 
of  the  liver  and  lung  showed  a  number  of  large  mononuclear  cells  with  eosino- 
phil granules.  There  were  also  present  a  larger  number  of  large  fiat  cells  stain- 
ing very  intensely  in  eosin.  These  showed  no  definite  granulation.  In  places 
they  were  found  to  line  the  smaller  veins  like  endothelial  cells.  In  these  places 
no  endothelial  cells  could  be  observed.  The  cells  of  the  hepatic  cords  showed 
advanced  fatty  degeneration  of  the  protoplasm.  The  nuclei  of  large  areas  had 
disappeared  entirely  in  places  where  the  cell  form  was  fairly  well  preserved. 
Such  areas  were  surrounded  by  circular  areas  of  cells  in  which  the  nuclei  had 
become  densely  stained  clumps  of  chromatin.  In  the  livers  of  four  of  the  dogs 
only  a  diffuse  chromatolysis  could  be  observed. 

All  kidneys  showed  marked  congestion  and  hemorrhage  in  the  cortex,  some 
anemic,  and  others,  congested  medullge.  Some  glomerula  had  lost  Bowman's 
capsule  and  were  hemorrhagic,  others  were  markedly  congested.  In  some  of 
the  convoluted  tubes  the  epithelium  had  degenerated. 
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The  spleen  contained  a  large  quantity  of  pigment.  Some  of  the  cells  showed 
chromatolysis. 

The  lung  showed  edema,  congestion  and  the  blood  changes  mentioned. 

The  brain  sections,  which  I  prepared  in  Professor  Barrett's  laboratory, 
showed  cells  in  the  motor  areas  with  partial  loss  of  Nissl  substance  and  typical 
tetany  nuclei.  Various  degrees  of  chromatolysis  were  also  observed  in  these 
nuclei. 

The  intestinal  tract  besides  marked  congestion  showed  in  the  duodenum 
and  pyloric  end  of  the  stomach  disintegrating  epithelial  cells.  Their  nuclei  were 
converted  into  solid  deeply-staining  clumps.  These  appeared  like  those  in  the 
process  of  extrusion  from  the  normoblasts. 

It  is  observable  that  the  totality  of  the  symptoms  points  to  a  hyper-excit- 
ability of  the  whole  nervous  system  including  those  neurons  contributed  by  tlie 
cord  to  the  sympathetic  system.  Now  the  action  that  may  elicit  so  striking  a 
positive  phase,  may  also  be  expected  to  present  a  negative  phase  in  which  a 
general  depression  of  the  central  nervous  system  results.  Out  of  47  dogs,  2 
such  cases  were  found.     The  following  protocol  will  illustrate : 

Dog  (31)  was  operated  upon  March  8.  1914;  at  2  p.  m.  it  recovered  from 
the  anesthetic  and  was  apparently  normal  until  March  lOtli,  when  instead  of 
walking  about  the  cage  and  welcoming  its  attendant,  it  exhibited  no  recognition 
of  his  presence.  It  was  examined  and  found  lying  asleep  in  a  peculiar  state  of 
flaccidity  with  limbs  somewhat  flexed.  \\'hen  a  limb  was  moved  or  the  head 
turned  back  it  retained  the  attitude  given  it.  The  subject  was.  not  observed  to 
move  during  the  day.  It  remained  in  this  condition  until  March  12th  when,  at 
2  p.  M.  it  was  found  dead  in  the  attitude  of  dogs  that  die  in  tetany.  A  post- 
mortem examination  revealed  no  signs  of  pneumonia  or  other  infection.  We, 
therefore,  believe  that  the  dog  succumbed  to  parathyroid  insufficiency.  This 
case  presents  perhaps  an  over-stimulation  of  the  central  nervous  system,  com- 
parable to  shock,  a  state  which  may  be  compared  perhaps  to  the  reversing  of  a 
chemical  reaction  by  the  products  of  the  reaction. 

The  regular  occurrence,  after  complete  ])aralh}ruidecU)niy.  of  a  typical 
symptom-complex  facilitates  the  study  of  the  mechanism  by  which  these  glands 
functionate,  since  a  study  of  the  causation  of  the  tetany  should  reveal  the  posi- 
tion of  these  glands  in  the  metabolism  of  the  organi-m.  Previous  to  this  re- 
search, only  one  contributing  fact  has  been  lirought  forth  ;  it  is  the  discovery  by 
MacCallum'^  that  the  urines  of  parathyroidectomizcd  animals  contain  excessive 
quantities  of  calcium;  and  that  when  calcium  salts  are  injected  intraNcnously 
into  such  animals,  the  tetany  is  immediately  controlled.  MacCallum''  expressetl 
the  view  therefore,  that  the  parathyroids  had  to  do  with  the  metabolism  of  salts 
but  more  especiallv  the  calcium  sah^  ;  and  he  relerred  to  this  substance  a  spe- 
cial physiological  \alue,  such  that  when  it  was  lost  from  the  animal  body  a 
calcium  deficiency  resulted  that  conslitiUes  the  essential  pathological  condition 
of  parathyroid  insuriicienc\ .  ll  wa^  >h(i\\n  by  I'.eebe"  and  Beebe  and  Herkelcy^ 
tliat  injections  of  other  salts  ha\e  similar  llmn^h  not  so  marked  an  effect. 
These  observers  showed  that  the  length  of  time  oxer  which  aqueous  solutions 
of  calcium  or  other  salts  are  useful  in  controlling  the  tetany,  is  relatively  short, 
varying  between  one  and  several  ilays.  It  appears  tliat  if  calcium  insufficiency 
were   the   essential    cliangc   the    addition    of   oalcinin    to    the   bod\-    tlirouijli    intra- 
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venous  injection  should  alleviate  the  pathological  condition  so  lon^;^  as  this  treat- 
ment was  used. 

In  a  recent  in\estigation  the  writer  found  that  when  the  tetany  hecame  un- 
controllable through  injections  of  aqueous  salt  solutions  the  kidneys  had  hecoine 
so  pathological  as  to  be  unable  to  functionate  normally.  Since  one  of  the  effects 
of  such  intravenous  injections  is  diuretic,  aiding  the  elimination  of  toxic  sub- 
stances from  the  blood,  it  may  be  assumed  that  one  of  the  beneficial  effects  of 
the  aqueous  calcium  injections  depends  upon  increasing  the  work  of  the  kifl- 
neys  and  thus  the  detoxication  of  the  blood.  That  calcium  should  herein  be 
more  valuable  than  other  salts  may  depend  upon  its  depressing  qualities,  but 
the  fact  that  it  is  a  diacid  base  would  indicate  a  value  as  an  acid  carrier  greater 
than  that  possessed  by  the  monovalent  metals.  Therefore  when  excessively  ex- 
creted from  the  body  a  large  number  of  acid  radicals  are  lost  and  when  in- 
jected a  large  content  of  acid  radicals  is  added  to  the  blood.  If  then  the  value 
of  calcium  depends  upon  the  increasing  or  maintaining  of  a  certain  reaction  of 
the  blood,  the  acid  radicals  are  here  the  important  factors.  They  present  two 
possible  modes  of  activity,  the  simple  neutralization  of  basic  substances  exces- 
sively elaborated,  within  the  body  or  the  destruction  of  such  substances  as  are 
capable  of  producing  the  tetany. 

There  is  still  another  source  of  indications  that  aid  in  the  directing  of  the 
present  investigation.  \\'e  expect  that  when  a  vital  process  is  removed  from  the 
organism,  the  dependent  processes  will  come  to  a  standstill.  If  this  be  true 
some  hitherto  useful  substance  should  be  present  and  excreted  from  the  organ- 
ism; unused  as  fast  as  it  is  offered  for  metabolism.  Such  a  substance  must  con- 
tain vitally  reactive  groups,  and  if  these  groups  are  not  normally  taken  care  of 
they  present  the  possibility  of  disturbhig  other  vitally  reactive  substances  in  the 
organism  and  thus  of  becoming  toxic. 

There  are   then   several   indications   that   the   tetany   of   parathyroid    insuffi- 


RECORD   A-I.      (See  opposite  page.) 

(Dog   1) 
Injections  given  by  jugular  vein. 
Quantity — 5   c.c.   0.6  mgms.    of   natural   substance. 

Fall  in  pressure   from  first  injection about  30  mm.  Hg. 

Fall   in  pressure   from   second   injection.  .  .  .^ about  5  m.m.  Hg. 

Fall    in    pressure    from    third    injection about  20  mm.  Hg. 

Heart   rate   before   injecting. « 114   per    minute. 

Heart  rate   after   injecting 114   per   minu.e. 

Interval  between  injection  1  and  injection  2 about  72  seconds. 

Interval  between  recovery  from  first  and  administration  of  second  injection,  about  36  seconds. 
Interval  between  injection  2  and  injection  3 about  45  seconds. 

RECORD    A-I  I.       (See  opposite  page.) 

(Dog    1) 
Injections  given  by  jugular  vein. 
Quantity — 5  c.c.  0.6  mgms.   of   synthetic   substance.  • 

Fall  in  pressure  from  first  injection about  25  mm.   Hg. 

Fall  in   pressure   from   second   injection 0   mm.   Hg. 

Heart   rate  before  injecting 138   per   minute. 

Heart   rate   after   injecting 136   per    minute. 

Interval  between  injection  1  and  injection  2 about  60  seconds. 

Interval  between  recovery  of  first  and  administration  of  second  injection.  .al)out  30  seconds. 
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ciency  is  due  to  an  intoxication.  Namely,  that  it  is  subdued  by  increased  di- 
uresis and  by  the  neutralization  of  toxic  basicity  or  the  destruction  of  a  toxin 
by  acidity.  That  the  origin  of  the  hypothetical  toxic  substance  is  the  body  it- 
self, that  it  is  useful  and  not  toxic  in  the  presence  of  the  parathyn^id  glands, 
that  it  is  filterable  through  the  glomerulus  of  the  kidney  (and  thus  readily  dif- 
fusible as  is  shown  by  the  value  of  diuresis  in  controlling  the  tetany )  point  'to 
a  substance  hormone-like   in   nature  and  therefore  very  unstable   chemically. 

It  is  the  object  of  the  present  investigation  to  ascertain  the  presence  and 
identity  of  such  a  substance  in  the  urines  of  parathyroidectomized  dogs  and  study 
its  physiological  properties.  As  may  be  anticipated  the  isolation  of  an  unstable 
substance  from  the  complex  urine  presents  several  difficulties  which  exclude 
the  hope  of  quantitative  results.  My  object  therefore  was  to  isolate  this  sub- 
stance in  only  sufficient  quantities  for  identification  and  experimental  purposes. 
After  a  careful  study  of  the  urines  the  following  method  was  adopted.  Its  spe- 
cial advantages  depend  upon  its  simplicity,  rapidity  and  the  avoidance  of  de- 
structive chemical  reagents. 

The  Method  of  Isolation. 

The  urines  were  collected  separately  from  forty-seven  parathyroidectomized 
dogs.  Especially  designed  cages  were  used  to  avoid  fecal  contamination.  The 
urines  were  filtered  and  evaporated  to  a  syrup  by  an  electric  fan  at  a  tempera- 
ture not  above  20°  C.  The  residues  were  dissolved  in  alcohol,  filtered  and  evap- 
orated, and  this  process  repeated  until  the  last  evaporate  dissolved  readily  in 
alcohol.  The  lipoids  present  were  extracted  with  ether  and  the  residue  taken 
up  in  water.  This  solution  was  cautiously  precipitated  with  picrolonic  acid. 
Several  insoluble  picrolonates  Avere  thus  obtained,  and  by  recrystallization  from 
water  and  alcohol  were  purified. 

These  substances  were  tested  for  physiological  activity.  Two  of  them  were 
found  to  modify  the  blood  pressure  when  injected  intravenously  into  anesthetized 
dogs.  When  injected  intraperitoneally  into  non-anesthetized  animals  they  ex- 
hibit very  marked  toxic  efifects.     They  were  therefore  selected  for  analysis. 

One  substance  was  found  to  reduce  gold  chloride  quite  rapidly,  and  picro- 
lonic acid  slowly.  I  therefore  tested  for  an  aldehyde  group.  \\'ith  ammonia- 
cal  silver  nitrate  no  mirror  was  obtained  but  instead  a  yellow  gray  precipitate 
whose  solubility  resembles  that  of  silver  cyanide.  The  substance  itself  freed  from 
picrolonic  acid  is  practically  neutral  in  reaction,  \tvy  soluble  in  water  and  al- 
cohol, somewhat  soluble  in  ether.     It  gives  a  picrolonate  in  the  form  of  very  fine 

RECORD    B.      (See  opposite  page.) 

(Dog  2) 
Injection  given  by  femoral  vein. 
Quantity — 5  c.c.  0.4  mgms.  of  synthetic  substance  per  kilo  body  weight. 

Fall  in  pressure   from  first  injection about  25   mm.  Hg. 

Fall  in  pressure  from  second  injection about  10  mm.  Hg. 

Interval  between  injection  1  and  injection  2 about  50  seconds. 

Interval  between  recovery  from  first  injection  and  administration  of  second,  about  20  seconds. 

Note:  The  heart  rate  cannot  be  estimated  1  ecause  while  taking  the  tracing,  the  recording  pointer 
of  the  chronograph  fell  off.  After  the  tracing  was  finished,  we  attempted  to  svipply  a  time  record,  but  it 
did  not  prove  to  be  synchronous  with  the  former  rate  of  movement  of  the  drum,  which  was  running  down. 
The  time  record  is  therefore  valueless. 
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microscopic  needles  which  melt  at  a  118°  C,  solidifying  rapidly  to  an  orange- 
colored  mass  which  melts  with  decomposition  at  about  230°  C.  0.249  gms.  are 
soluble  in  100  c.c.  of  hot  water. 

Upon  analysis  it  gives  the  following  percentage  composition, 

0.1060  gms.  substance  gives  26  c.c.  N.  at  24°' C.  and  746  mm. 
0.1783  gms.  give  0.2933  gms.  CO,  and  0.0696  gms.  H.O. 


Found 

N  26.49 
C  44.86 
H      4.34 


Calculated  for 

(C,H,N,)    (QoH3N,0,) 
26.31 
44.97 
3.75 


The  substance  agrees  in  percentage  comi)osition  with  the  picrolonate  of 
methylcyanamide.  Methylcyanamide  was  prepared  synthetically  from  methyl 
mustard  oil.  It  resembles  the  naturally  occurring  substance  both  in  reaction 
and  solubilities.  Its  picrolonate  was  prepared  and  found  to  melt  at  116°  C.  so- 
lidifying immediately  to  an  orange-colored  mass  which  melted  at  230°  C.  with  de- 
composition. In  this  respect  the  picrolonate  agrees  in  its  behavior  with  the 
picrolonate  of  the  naturally  occurring  substance. 

The  other  substance  isolated  from  the  urines  and  having  a  physiological  ac- 
tion is  basic  in  reaction.  It  is  less  soluble  in  water  than  the  first  substance.  Its 
picrolonate  crystallizes  from  water  form.ing  small  orange-colored  mounds.  The 
picrolonate  melts  at  232°  C.  with  decomposition.  It  gives  on  analysis  the  fol- 
lowing percentage  composition. 

0.1096  gms.  give  26.2  c.c.  N.  at  24°  C.  and  750.7  mm. 
0.1288  gms.  give  30.2  c.c.  N.  at  22.5^  C.  and  751.3  mm. 
0.1731  gms.  give  0.2827  gms.  CO,  and  0.063  gms.  HoO. 
0.1345  gms.  give  0.0520  gms.  H.,0  and  0.2184  gms.  CO,. 

Found  Calculated  for 

(QH,3Ne)3    (C,oH3N,0,)3 
26.31 
44.97 
3.75 

The  substance  agrees  in  composition  with  the  picrolonate  of  trimethyl- 
melamine  which  is  the  polymer  of  methylcyanamide.  The  polymer  was  pre- 
pared from  the  synthetic  methylcyanamide  and  found  to  agree  in  reaction  with 


A 

B 

N    26.6 

26.28 

C    44.54 

44.28 

H     4.07 

4.32 

RECORD    C.      (See  opposite  page.) 

(Dog  2) 
Injection  given  by  femoral  vein. 
Quantity — 5  c.c.  0.4  mgms.  of  synthetic  substance  per  kilo  body  weight. 

Fall  in  pressure  from   injection  3 about  25   mm.   Hg. 

Fall  in  pressure  from   injection  4 about  0  mm.  Hg. 

Fall  in  pressure  from  injection  5 about  0  mm.  Hg. 

Heart  rate  before   injecting 108   per  minute. 

Heart  rate  after  injecting 108  per  minute. 
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the  natural  substance.  The  picrolonate  of  the  synthetic  polymer  was  found  to 
melt  at  229.4°  C.  which,  is  slightly  below  the  melting  point  of  the  natural  salt. 
This  discrepancy  can  be  explained  by  the  presence  of  small  quantities  of  methyl- 
guanidin  in  the  synthetic  preparation  which  owing  to  the  similarity  in  solubility 
of  the  two  picrolonates,  could  not  be  completely  removed  by  fractional  recrys- 
tallization.  It  was  found  that  methylcyanamide  polymerizes  after  a  few  days' 
standing  or  several  evaporations  of  its  watery  solution.  Therefore  the  polymer 
should  be  expected  in  the  urine  from  which  the  cyanamide  was  isolated. 

Because  of  the  agreement  in  chemical  and  physiological  properties  (dis- 
cussed below)  the  substances  may  be  considered  identified  as  methylcyanamide 
and  trimethylmelamine. 

Physiological  Properties. 

The  methylcvanamide  isolated  from  the  urines  and  the  synthetic  methyl- 
cyanamide were  injected  intraperitoneally  in  non-anesthetized  dogs  and  found 
to  have  similar  effects.  In  small  doses  they  produce  extreme  vasodilatation  ob- 
served in  the  reddening  of  the  sclera  and  swelling  and  reddening  of  the  tongue. 
Larger  doses  cause  paralysis  and  convulsions.  Still  larger  doses  cause  an  ex- 
tremely rapid  death.  Intraperitoneal  injection  of  27  mgs.  of  the  synthetic  sub- 
stance into  a  rabbit  of  one  and  one-half  kilos'  body  weight  produced  after  six- 
teen minutes  very  marked  vosadilatation  observable  in  the  air  vessels,  and  a 
very  labored  breathing  accompanied  by  wheezing  suggestive  of  bronchial  stric- 
ture. In  this  condition  the  animal  rapidly  developed  tremors  and  tetany  with 
the  head  thrown  back  and  hind  limbs  extended.  After  a  few  minutes  the  tetany 
gave  way  to  coma  resulting  in  death.  An  injection  of  22  mgs.  of  natural  sub- 
stance in  a  rabbit  of  one  and  one-quarter  kilos  produced  death  ver}^  similarly 
although  the  tetany  was  not  marked  and  the  dyspnea  and  coma  symptoms  pre- 
dominated. On  the  other  hand  4  mgs.  injected  intraperitoneally  into  a  white 
rat  of  about  a  ICO  gm.  weight  caused  death  practically  instantaneously  with 
opisthotonos  developing  no  coma  whatever. 

In  order  to  obtain  the  base  for  injection  the  picrolonate  was  dissolved  in  a 
small  quantity  of  alcohol  and  decomposed  with  a  calculated  quantity  of  sodium 
carbonate.  The  picrolonic  acid  is  thus  precipitated  as  a  sodium  salt  and  filtered 
off.  The  filtrate  was  evaporated  by  an  electric  fan  to  dryness  and  the  residue 
dissolved  in  water.  In  this  way  a  solution  of  known  concentration  was  ob- 
tained. The  synthetic  substance  was  prepared  fresh  each  time  it  was  used, 
and  from  a  known  quantity  of  methylthiourea. 

Blood  pressures  were  taken  by  canulse  in  the  carotid,  from  dogs  anesthe- 
tized with  chlorotone.  For  record  A-I,  the  natural  substance,  for  record  A-II, 
the  synthetic  substance  was  injected  into  the  jugular  vein.  For  records  B  and 
C,  the  synthetic  substance  was  injected  into  the  femoral  vein,  experience  hav- 
ing shown  that  injecting  into  the  jugular  disturbed  the  canula. 

Record  A-I  shows  the  effect  of  injection  of  an  aqueous  solution  contain- 
ing 0.6  mgms.  of  substance  per  kilo  body  weight.  Five  cubic  centimeters  of  this 
solution  were  given  with  each  injection.  The  first  injection  was  immediately 
followed  by  a  sharp  drop  of  about  30  mm.  of  mercury  in  blood  pressure.  A 
second  injection  of  the  same  quantity  given  fifteen  seconds  after  recovery  from 
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the  first  showed  only  a  shght  change;  a  third  injection  foHowing  the  second,  by 
the  same  interval,  had  an  effect  less  than  the  first  and  more  than  the  second. 
It  appears  that  the  animal  had  become  noticeably  refractory  to  the  substance 
after  the  first  injection,  and  had  recovered  from  this  refractoriness  consider- 
ably at  the  time  of  the  third.  This  refractoriness  is  observed  whether  the  nat- 
ural or  synthetic  substance  is  injected,  and  its  duration  toward  either  sub- 
stance varies  with  the  animal.  In  our  experience  older  dogs  have  a  longer  re- 
fractory period  than  younger  dogs.  The  dog  from  which  record  A  was  taken 
recovered  almost  completely  after  140  seconds ;  the  dog  from  which  record  B 
was  taken  required  between  80  and  360  seconds  for  a  complete  recovery. 

To  explain  this  refractoriness  and  the  quantitative  relations  discussed  be- 
low, it  might  be  assumed  that  the  methylcyanamide  acts  in  conjunction  with 
some  receptor  substance  slowly  elaborated  by  the  body  to  produce  the  vaso- 
dilatation and  thus  the  fall  in  blood  pressure.  The  refractoriness  would  then 
be  due  to  exhaustion  of  the  receptor. 

In  record  B  the  first  injection  did  not  use  up  all  of  the  receptor  since  an 
injection  following  by  about  25  seconds,  the  return  of  blood  pressure  to  nor- 
mal, still  produced  an  effect.  That  detectable  receptor  is  not  generated  in  this 
dog  in  25  seconds  is  shown  in  record  C  where  injections  4  and  5  caused  prac- 
tically no  pressure  change  though  given  at  much  longer  intervals.  It  appears 
therefore  that  injection  4  produced  its  fall  by  working  with  excess  of  receptor 
not  used  by  injection  3.  The  above  described  relations  of  the  cyanamide  and 
the  receptor  indicates  that  they  react  quantitatively  to  produce  the  fall  in  blood 
pressure. 

It  is  observable  in  all  of  the  tracings  that  any  excess  of  the  cyanamide  not 
reacting  with  the  receptor  to  produce  a  fall  in  blood  pressure  is  nevertheless 
rapidly  disposed  of,  since  where  sufficient  time  has  elapsed  for  the  generation 
of  noticeable  quantities  of  the  receptor,  no  fall  in  pressure  occurs  until  a  fur- 
ther injection  of  the  cyanamide  is  given.  It  may  be  this  reaction  of  the  cy- 
anamide in  combining  with  other  groups  in  the  organism  that  produces  the  tetany 
and  other  symptoms  leading  to  the  death  of  the  animal. 

It  seems  that  the  substance  is  excreted  by  the  parathyroidectomized  ani- 
mal in  considerable  quantity.  For  despite  its  instability,  from  the  urines  of  47 
experimental  dogs  1.2  gms.  of  the  cyanamide  were  isolated  and  2  gms.  ot  the 
polymer,  as  picrolonates.  The  quantities  actually  present  in  the  urines  or  the 
portions  decomposed  during  the  isolation  cannot  be  surmised.  Nor  would  such 
data  be  an  index  to  the  quantity  generated  in  the  organism  since  during  the 
process  of  intoxication  a  considerable  portion  would   be  disposed  of. 

A  comparison  of  the  toxicities  of  the  urines  of  a  dog  before  and  after  para- 
thyroidectomy shows  that  during  non-fatal  tetany  the  urine  is  somewhat  toxic 
but  that  after  fatal  tetany,  the  urine  is  much  more  toxic.  This  is  shown  by 
the  following  experiment:  A  dog  weighing  18  kilos,  was  parathyroidectomized. 
Eight  c.c.  of  the  urine  excreted  before  operation,  produced  no  marked  toxic 
symptoms  wlien  injected  into  a  rat  of  about  100  gms.  Five  c.c.  of  90  c.c.  of 
urine  excreted  during  the  half  da\'  in  which  the  dog  was  in  moderately  severe 
tetany,  upon  injection  into  anotlu-r  rat  of  the  same  size  produced  mild  opistho- 
tonos from  which  tlic  rat  reco\  ered  in  about  tcMi  minutes.  The  urine,  after 
deatli,   in   a  (|iiantity  of  5  c.c.   produced   sc\cre  and   almost   fatal   tetany  ujwn   in- 
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jection  into  a  third  rat  of  equal  weight.  The  urines  obtained  between  tetany 
periods  in  quantities  of  5  c.c.  were  not  toxic.  It  may  be  approximated  then 
that  a  dog  of  18  kilos,  and  excreting  about  200  c.c.  of  toxic  urine  gives  off  from 
10  to  80  mgms.  of  the  cyanamide,  if  we  assume  that  the  5  c.c.  injected  contain 
about  1  to  2  mgms.  of  the  substance  since  4  mgms.  is  toxic  to  a  rat  of  efjual 
size. 

The  similarity  in  the  behavior  of  the  parathyroidectomized  dogs,  to  that 
of  the  non-anesthetized  animals  treated  with  the  substance  isolated  from  the 
urine,  is  further  indication  that  this  substance  is  responsible  for  the  symptom- 
complex  of  parathyroid  insufficiency.  The  data  therefore  justifies  the  follow- 
ing conclusions : 

1.  Somewhere  in  the  body  methylcyanamide  is  generated. 

2.  This  substance  has  a  physiological  value  in  normal  animals. 

3.  After  parathyroid  extirpation  the  substance  accumulates  to  toxic  quan- 
tities, and  is  responsible  for  the  death  of  these  animals. 

A  further  study  of  some  of  the  problems  developed  from  this  investigation 
is  receiving  attention. 

Operative;  and  Post-Ope;rativte;  Procedures. 

The  operation  consists  of  complete  removal  of  the  thyroid  and  parathyroid 
glands,  together  with  the  surrounding  capsular  tissue.  The  essentials  of  the 
operative  technic  are : 

1.  Thorough  asepsis. 

2.  Prevention  of  post-operative  hemorrhage. 

3.  The  least  possible  shock  and  impairment  of  vitality. 

The  aseptic  methods  are  those  common  to  most  operating  rooms  and  scarce- 
ly require  detailed  description.  The  same  rigid  precautions  must  be  observed 
as  in  any  major  operation.  The  reason  for  this  care  is  that  the  oozing  of  blood 
and  lymph  from  the  rich  capillary  bed  in  which  the  glands  are  implanted  pro- 
duces ideal  media  for  the  development  of  pyogenic  organisms.  This  is  to  be 
avoided  not  only  because  the  well-being  of  the  animal  is  reduced  by  such  in- 
fection, but  also  because  it  is  desirable  to  obviate  as  far  as  possible  any  discharge 
from  the  wound.  Another  feature  not  to  be  ignored  in  the  matter  of  bacterial 
growth  in  the  wound  is  that  the  absorption  of  its  products  may  affect  the  con- 
stituents of  the  urine.  A  specially  devised  mask  that  covered  the  muzzle  of 
the  animal  but  could  not  slip  down  on  the  field  of  operation  was  used.  The  field 
of  operation  was  shielded  from  the  mask  and  hands  of  the  anesthetist  by  a 
sterile  cover.  All  the  loose  dirt  and  hair  are  removed  from  the  animal's  body 
by  a  thorough  scrubbing  with  soap  and  water  and  a  subsequent  drenching  with 
warm  1-1000  bichloride  of  mercury  solution.  This  is  done  some  time  prior  to 
the  operation. 

To  prepare  the  field  of  operation,  the  animal's  neck  is  shaved  (over  the 
entire  anterior  aspect)  from  the  angle  of  the  mandible  to  the  juncture  of  the 
neck  with  the  thorax.  This  is  best  done  immediately  prior  to  the  operation. 
After  shaving,  the  skin  is  scrubbed  with  soap  and  water,  dried  with  alcohol, 
and  then  painted  with  iodine. 

Operation. — The  following  landmarks  must  be  identified  :  hyoid  bone,  sterno- 
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mastoid  muscles,  larynx,  thyroid  notch,  and  trachea.  The  operator  must  care- 
fully keep  the  animal's  head  directly  in  line  with  the  rest  of  the  body  or  the 
relationship  of  the  parts  will  be  distorted. 

Incision  is  made  from  a  point  exactly  at  the  middle  of  the  inferior  border 
of  the  hyoid  bone  to  a  point  in  the  midline  at  the  third  ring  of  the  trachea.  The 
first  point  may  be  determined  by  palpating  the  notch,  between  the  two  thyroid 
cartilages  of  the  larynx,  which  locates  the  midline  precisely.  Such  an  incision 
will  be  about  three  inches  long.  The  superficial  cervical  fascia  is  then  incised 
by  gently  drawing  the  knife  over  its  surface.  This  exposes  the  platysma  fascia 
which  is  cut  in  line  with  the  original  incision.  It  is  better  to  cut  through  these 
fascia  separately  as  I  have  described,  because  occasionally  the  anterior  jugular 
vein  or  some  of  its  larger  branches  cross  the  line  of  incision,  and  these  may 
be  clamped  before  cutting  through  the  platysma  fascia.  Thus  no  hemorrhage 
occurs  to  obscure  the  field  or  cause  unnecessary  delay.  Passing  through  the 
platysma  fascia  or  superficial  layer  of  the  deep  cervical  fascia,  the  infrahyoid 
muscles  overlapped  by  the  sternomastoid  muscles  lie  in  close  proximity  on  either 
side  of  the  midline.  The  point  of  a  four-inch  scissors  is  then  inserted  in  the 
furrow  between  the  inner  borders  of  the  two  muscles  and  the  intermuscular 
septum  severed  by  spreading  the  scissors.  This  septum  is  more  readily  identi- 
fied if  care  has  been  taken  to  make  the  previous  incisions  in  the  midline  and  the 
animal's  neck  has  been  retained  in  the  anatomical  position.  The  last  step  brings 
us  down  to  the  surface  of  the  trachea  and  larj'nx  covered  only  by  the  middle 
layer  of  the  deep  cervical  fascia.  In  the  dog,  the  thyroid  gland  is  represented 
by  two  lobes,  one  on  either  side  of  the  trachea,  each  lying  in.  a  fibrous  sheath 
derived  from  the  middle  layer  of  the  deep  cervical  fascia.  As  a  rule  there  is 
no  isthmus  or  pyramidal  process  as  in  the  human  thyroid.  There  was  a  marked 
variation  in  size  of  the  individual  thyroids  we  examined  as  well  as  in  their  posi- 
tion, some  being  immediately  below  the  larynx  and  others  occurring  even  an 
inch  lower. 

One  of  the  lobes  is  now  sought  for  and  brought  up  into  the  wound  together 
with  the  loose  fibrous  tissue  attached  to  it.  It  is  then  seized  with  a  strong 
hemostatic  forceps  and  light  tension  is  brought  to  bear  on  the  two  poles  by 
which  it  is  fastened.  The  main  branch  of  the  inferior  thyroid  artery,  together 
with  its  accompanying  vein,  is  then  clamped  along  with  a  part  of  the  capsular 
fascia  which  is  a  loose  structure  and  is  readily  drawn  up.  The  artery  is  then 
ligated  proximally  to  the  clamp  and  the  ligature  anchored  in  the  fascia.  A 
ligature  is  also  passed  around  a  portion  of  the  remaining  fascia  in  the  clamp 
and  this  is  also  anchored  if  it  includes  many  vessels.  The  artery  and  portion 
of  fascia  thus  ligated  are  then  cut  between  the  ligatures  and  the  hemostat.  The 
assistant  should  hold  the  stump  with  tissue  force[)s  as  it  is  cut  and  not  release 
it  until  it  is  ascertained  that  there  is  no  bleeding.  The  fascia  remaining  at- 
tached to  the  lower  portion  of  the  gland  is  caught  up  in  a  hemostatic  forceps 
and  fractionally  ligated,  a  small  portion  being  included  in  each  ligature.  The 
importance  of  rigid  hemostasis  must  not  be  underrated  for  il  is  to  be  borne  in 
mind  that  following  this  operation  llicre  is  a  marked  vascular  dilatation  all 
over  the  body  and  considerable  oozing  may  take  place  from  vessels  which  at 
the  time  of  operation  appear  insignificant.  If  ihc  caji-^ule  is  carefully  ligated  in 
this  manner,  we  are  certain  lo  control  a  great  deal  of  lymphatic  seepage.     Care 
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must  be  taken  when  clamping  the  capsuhir  tissue  that  the  descending  branch 
of  the  ansa  hypoglossi  is  not  inchided.  If  raised  it  may  be  pushed  out  of  the 
field  by  gently  wiping  with  dry  gauze.  The  recurrent  laryngeal  nerve  which 
supplies  the  intrinsic  muscles  of  the  larynx  must  not  be  cut  as  stridulous  breath- 
ing may  occur  to  say  nothing  of  the  discomfort  the  animal  would  incur  in  the 
loss  of  his  powers  of  vocalization.  It  should  be  identified  and  pushed  out  of 
the  field  of  operation.  Occasionally  small  vessels  pass  into  the  gland  from  the 
sternothyroid  muscle  and  these  must  be  securely  ligated. 

After  the  inferior  pole  has  been  freed  it  is  drawn  well  up  out  of  the  wound. 
This  brings  the  superior  thyroid  artery  with  its  branches  and  the  superior  thy- 
roid vein  into  view.  The  artery  gives  off  a  number  of  small  branches  close  to 
its  origin,  the  most  of  which  are  distributed  to  the  glands,  others  going  to  the 
infrahyoid  muscles  and  larynx.  The  parathyroid  bodies  frequently  lie  in  the 
adventitia  of  this  artery  and  the  surrounding  tissue.  For  these  reasons  it  is 
necessary  to  ligate  the  artery  close  to  its  origin.  Occasionally  the  artery  is  very 
short,  so  that  there  is  scarcely  room  to  insert  a  hemostat  between  its  origin 
from  the  carotid  and  the  gland.  These  are  factors  that  increase  the  necessity 
for  making  ligatures  very  secure.  The  largest  branch  is  first  clamped  and 
ligated,  the  capsule  is  then  clamped,  a  small  portion  at  a  time  and  the  vessels 
held  in  the  clamp  ligated  and  cut.  The  ligatures  must  be  drawn  tight,  but  not 
so  tight  as  to  cut  through.  The  operator  proceeds  in  this  manner  from  the 
lower  outer  portion  of  the  capsule  about  the  superior  pole  of  the  upper  and 
inner  extremity.  It  is  best  to  secure  the  larger  vessels  in  a  hemostat  before 
cutting.  The  hemostat  is  left  on  the  stump  until  all  the  vessels  have  been  cut. 
This  can  only  be  practiced  where  the  arter}^  is  long  enough  to  permit  of  a  long 
stump.  At  the  upper  and  inner  part  of  this  pole  several  small  vessels  from  the 
trachea  will  be  encountered  (the  interior  tracheal  vessels  which  are  branches 
from  the  inferior  laryngeal).  They  are  sometimes  overlooked  and  produce  con- 
siderable bleeding.  The  ligatures  are  all  strongly  anchored  in  the  fascia.  Be- 
fore releasing  the  stump,  it  must  be  seized  with  the  tissue  forceps  and  care- 
fully sponged  and  inspected  for  any  oozing.  If  care  has  been  observed  to  in- 
clude every  bit  of  connective  tissues  at  the  superior  pole  between  the  ligatures, 
there  will  be  no  bleeding.  In  this  manner  the  gland  is  dissected  out  from  be- 
low upward  and  everything  is  ligated  as  it  is  cut.  \\'e  proceed  in  the  same 
manner  with  the  gland  on  the  opposite  side.  After  both  lobes  are  removed 
the  region  is  carefully  inspected  for  accessory  lobes,  \\hen  any  are  found  they 
are  removed.  - 

The  wound  is  closed  by  three  rows  of  sutures.  The  sternohyoid  muscles 
are  approximated  by  three  interrupted  sutures  placed  equal  distances  apart.  We 
used  a  small  curved  needle  without  a  cutting  edge  for  sewing  these  muscles. 
A  row^  of  continuous  sutures  is  then  put  in  the  platasma  fascia.  The  skin  is 
closed  with  interrupted  sutures.  No  drainage  is  used  and  if  the  technic  has 
been  properly  observed  there  will  be  little  tumefaction  and  little  discharge.  The 
dressing  consists  of  dry  gauze  harnessed  about  the  neck  and  shoulders.  This 
is  applied  during  the  recovery  from  the  anesthetic. 

I  shall  briefly  mention  some  of  the  measures  used  in  preventing  shock. 
Kindliness  is  very  essential.  In  most  cases  we  find  that  by  gaining  the  con- 
fidence of  the  animal  we  are  able  to  place  it  on  the  board  and  shave  and  cleanse 
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the  field  of  operation  before  beginning  the  anesthesia.  This  alone  considerably 
shortens  the  time  of  anesthesia.  Ether  or  ether  chloroform  and  alcohol  mix- 
ture was  used.  The  anesthetic  is  begun  very  gradually.  The  mask  is  first 
placed  on  the  head  without  the  anesthetic,  when  the  animal  is  quiet  and  not 
frightened.  The  animal  is  allowed  to  toss  the  mask  off  a  few  times  until  it 
becomes  reassured  and  then  a  few  drops  of  ether  are  administered.  If  force 
has  been  avoided  up  to  this  point,  the  animal  will  breathe  the  anesthetic  with- 
out much  persuasion.  As  he  feels  the  influence  the  rate  of  administration  is 
gradually  increased.  In  this  way,  many  animals  have  been  carried  over  to  com- 
plete  anesthesia,   practically   avoiding  the   excitement   stage. 

After  recovery  from  the  anesthetic  the  animal  is  wrapped  in  warm  blankets 
w^hich  are  changed  every  5  or  10  minutes.  The  room  is  kept  warm  and  the 
cage  scrupulously  clean.  Because  of  the  tendency  towards  vomiting  after  re- 
moval of  the  parathyroid  glands  solid  food  is  not  given.  Plenty  of  fresh  water 
was  supplied  and  this  was  loaded  with  lactic  acid  bacilli  with  the  hopes  that 
their  presence  in  the  intestines  would  prevent  the  production  of  toxic  amines 
formed  by  decarboxylation  of  amino  acids.  Animals  showing  signs  of  infec- 
tion or  hemorrhage  were  discarded. 
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FURTHER  STUDIES  IN  NICOTINE  TOLERANCE^ 


Bv  Charles  W.  Edmunds,  M.D.,  and  Maurice  I.  Smith,   M.D.,   Ann  Arbor,  Mich. 


THE  question  as  to  how  the  body  acquires  the  condition  of  insusceptibility 
to  the  effects  produced  by  the  introduction  oi  \arious  poisons  is  one  which 
has  always  excited  a  good  deal  of  interest  from  both  the  scientific  and  from 
the  practical  standpoints.  That  such  an  insusceptibility  is  de\eloped  is  well 
recognized  by  everyone,  but  the  mechanism  by  which  it  is  formed  is  in  many 
cases  quite  obscure,  while  in  the  case  of  other  drugs  recent  invesligatinns  have 
shed  a  good  deal  of  light  upon  the  question. 

It  is  unnecessary  to  enter  into  a  lengthy  discussion  of  the  matter  in  this 
place  as  there  have  been  many  papers  dealing  with  different  phases  of  the  mat- 
ter, and  recently  an  address  by  Dixon^  gave  a  summary  of  much  of  our  knowl- 
edge upon  this  subject.      In   this  address,   Dixc^n  after  discussing   the  explana- 
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tions  which  have  been  advanced  as  to  the  mechanism  of  the  tolerance  which 
is  gained  by  the  body  to  the  effects  of  many  of  the  poisons,  dwehs  at  greatest 
length  upon  the  question  of  nicotine  tolerance.  This  general  consideration  of 
nicotine  was  supplemented  the  following  year-  by  a  detailed  account  of  experi- 
mental work  which  he  had  carried  out  in  the  University  of  Cambridge  in  col- 
laboration with  W.  E.  Lee.  As  a  result  of  the  experiments  outlined  in  this 
paper  the  writers  draw  the  conclusion  that  nicotine  tolerance  is  produced  by  an 
increase  in  the  ability  of  the  body  tissues  to  destroy  the  poison. 

Before  taking  up  the  experimental  evidence  in  support  of  this  view,  it 
may  be  well  to  discuss  briefly  a  few  of  the  points  raised  by  Dixon  and  Lee  in 
regard  to  earlier  work  along  this  line  and  especially  those  criticisms  which  they 
ofifer  in  regard  to  the  experiments  which  one  of  us"  carried  out  some  time  ago 
upon  this  subject. 

These  points  are  not  brought  up  w  ith  any  desire  to  enter  into  a  controversy 
but  in  order  to  clear  up  any  doubts  which  might  have  been  raised  in  regard  to 
the  work  of  others  as  well  as  to  the  particular  paper  mentioned  above. 

In  the  first  place,  Dixon  and  Lee  explain  the  failure  of  Gouget,  Adler  and 
Hensel  aVid  many  of  the  earlier  workers  to  obtain  tolerance  to  nicotine  in  ani- 
mals by  the  fact  that  they  gave  the  nicotine  by  intravenous  or  subcutaneous  in- 
jection and  they  add  that  "tolerance  either  cannot  be  obtained  or  is  insignificant 
when  such  methods  are  adopted."  This  statement  may  be  true  but  if  so  why 
do  Dixon  and  Lee  adopt  these  methods  themselves  when  they  desire  to  induce 
tolerance  in  animals?  And  not  only  do  they  adopt  them  but  in  their  descrip- 
tion of  the  effects  of  these  intravenous  and  subcutaneous  injections  they  say 
that  the  efTects  of  the  "later  doses  were  a  little  less  pronounced  than  the  earlier." 
Was  this  diminution  in  effects  due  to  tolerance?  It  would  be  quite  possible 
were  it  not  for  the  statement  quoted  above  that  the  methods  of  administration 
employed  are  practically  useless  for  this  purpose.  Moreover  these  animals  which 
were  rendered  tolerant  by  methods  wdiich  are  condemned  are  used  to  demon- 
strate the  mechanism  of  the  production  of  tolerance.  The  only  conclusion  which 
seems  justifiable  is  either  that  these  animals  were  not  tolerant  or  that  the  crit- 
icism of  the  work  of  Gouget  and  others  is  not  correct. 

Another  point  which  may  be  considered  is  the  test  of  tolerance  which  should 
be  employed.  Dixon  and  Lee  do  not  consider  vomiting  a  valid  test,  but  at  the 
same  time  it  is  rather  hard  to  tell  just  what  standard  they  selected.  In  the 
earlier  subcutaneous  administrations  their  rabbits  showed  tremors,  twitchings, 
and  signs  of  paralysis,  while  after  intravenous  injections  they  had  convulsive 
movements  and  complete  unconsciousness,  all  of  which  after  the  later  doses 
are  said  to  have  appeared  less  pronounced  than  the  earlier  ones.  Such  a  stand- 
ard, however,  lays  itself  open  to  the  very  serious  criticism  of  being  entirely  too 
indefinite  and  as  being  too  much  a  subject  of  opinion.  Of  especial  interest  in 
this  connection  is  the  testimony  of  Gouget  who  found  that  the  intravenous  in- 
jection of  the  infusion  of  tobacco  into  rabbits  was  always  followed  by  con- 
vulsions which  were  always  about  the  same  where  equal  doses  were  given. 

In  addition  to  Gouget,  Adler  and  Hensel   report  that  nicotine  in   1^^   mg. 

^'Dixon   and   Lee:      Quart.   Jour.    Exp.    Physiol.,   v,    1912,   373. 
^Edmunds :     Jour.   Pharm.   and   Exp.   Therap.,   1,   i909,   1. 
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doses,  injected  into  the  ear  veins  of  rabbits  produced  convulsions  which  were 
always  of  the  same  intensity  whether  ten  or  a  hundred  injections  had  been  given. 

And  this  condition  is  exactly  what  would  be  expected  if  the  nicotine  tol- 
erance is  gained  by  an  increased  destruction  of  the  alkaloid,  as  in  intravenous 
injections  no  time  would  be  allowed  for  such  destruction. 

Coming  back,  therefore,  to  the  question  as  to  whether  the  production  of 
vomiting  following  subcutaneous  injection  can  be  considered  a  valid  test,  it  may 
be  said  that  that  is  perhaps  a  matter  of  opinion.  It  has  the  advantage  of  be- 
ing perfectly  definite  and  of  equal  importance  it  is  the  one  symptom  in  man 
which  denotes  the  possession  of  tolerance.  The  tyro  in  the  use  of  nicotine  rap- 
idly shows  his  susceptibility  to  the  drug  by  nausea  and  emesis  and  the  fact 
that  he  has  gained  tolerance  is  shown  later  by  the  absence  of  these  symptoms. 
Some  individuals  never  gain  tolerance  as  is  shown  by  the  fact  that  the  use  of 
tobacco  is  always  accompanied  by  nausea.  It  would  seem,  therefore,  that  the 
use  of  this  test  for  animals  is  perfectly  logical  and  reasonable. 

It  is,  of  course,  true  as  Dixon  suggests  that  in  case  the  drug  is  given  by 
the  stomach  local  irritation  may  produce  vomiting,  but  a  study  of  details  of 
experiments  I  and  II  in  the  earlier  paper  referred  to  would  convince  anyone 
that  local  irritation  was  not  the  cause  of  the  vomiting  in  the  experiments.  In 
Experiment  I,  for  instance,  with  the  doses  being  given  under  exactly  the  same 
conditions  from  day  to  day,  there  was  what  appeared  to  be  a  gradually  increas- 
ing susceptibility  to  the  drug  so  that  whereas  the  cat  had  early  tolerated  15  mg. 
doses  of  nicotine  chloride  it  later  vomited  from  doses  of  less  than  one-half  that 
amount. 

Finally,  as  a  minor  objection  these  writers  appear  to  doubt  whether  any  tol- 
erance whatsoever  was  really  obtained  in  the  experiments  on  dogs  in  which 
large  doses  of  nicotine  were  injected.  They  suggest  that  the  failure  to  vomit 
after  small  doses  is  due  to  the  depression  which  would  follow  the  stimulation 
produced  by  the  large  toxic  doses.  This,  of  course,  is  a  very  important  sugges- 
tion because  if  it  is  justified  it  would  indicate  the  entire  failure  of  the  experi- 
ments with  resulting  erroneous  conclusions.  Here  again,  a  careful  reading  of 
the  paper  and  a  study  of  the  protocols  to  Experiments  V  and  W  will  show  that 
such  a  condition  as  suggested  was  taken  into  consideration  and  that  to  avoid 
the  effects  of  one  dose  being  active  at  the  time  of  the  next  dose,  the  injections 
were  frequently  made  at  intervals  of  two  or  three  days  but  by  experience  it 
was  found  that  this  was  not  necessary  "as  the  animals  appeared  to  vomit  just 
as  frequently  after  a  three  or  four  day  interval  as  after  a  rest  of  only  one  or 
two  days." 

In  Experiment  V  one  instance  ma}-  be  mentioned  as  illustrating  this  point. 
Fifteen  mg.  doses  of  nicotine  were  being  given  to  a  dog  which  had  originally 
vomited  after  12  mg.  doses.  On  April  17th  15  mg.  caused  vomiting  and  on  .\pril 
20th,  that  is  three  days  later.  15  mgs.  again  caused  vomiting  but  on  tlio  22nd  it 
caused  no  vomiting.  Again,  on  the  24th.  27th.  and  20th  of  the  month,  that  is 
at  either  two  or  three  day  intervals,  15  mg.  produced  vomiting.  We  may  re- 
peat what  was  said  in  tlie  original  paper  that  the  only  conclusion  that  could  be 
drawn  from  a  study  of  the  numerous  injections  made  was  that  it  seemed  to 
make  no  difference  in  the  results  whether  the  injections  were  made  at  intervals 
of  one  or  two  davs,  or  at   intervals  of  three  or  four. 
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But  granting  that  the  criticism  of  Dixon  and  Lee  in  regard  to  the  failure 
to  vomit  is  valid,  did  not  they,  even  after  perceiving  the  supposed  error,  fall  into 
the  same  error  themselves?  Their  rabhits  were  injected  on  alternate  days,  and 
may  not  the  apparent  lessening  of  symptoms  in  their  animals  also  be  due  to 
lack  of  recovery  from  previous  doses?  If  it  was  possible  in  our  series,  it  was 
equally  possible  in  theirs. 

Also  the  doses  of  nicotine  which  they  gave  were  quite  as  large  proportion- 
ately as  those  which  were  given  to  the  dogs  in  the  earlier  work.  In  only  one  of 
the  dogs  was  a  50  mg.  dose  exceeded  and  this  for  only  four  injections  and  .such 
a  dose  of  nicotine  chloride  for  a  hound  weighing  15  Kg.^  is  not  larger  than  a 
dose  of  5  mg.  of  the  alkaloid  nicotine  for  a  rabbit  weighing  less  than  one  kilo. 
The  Dixon  and  Lee  paper  also  speaks  of  the  lack  of  importance  of  the  effects  of 
"enormous  doses  used  in  the  Edmunds  experiments,"  but  a  little  calculation 
will  show  that  the  average  dose  in  Experiment  V  in  the  early  part  of  the  work 
was  about  2  mg.  of  the  nicotine  salt  (equal  to  1.4  mg.  nicotine)  per  Kg.  and 
in  onlv  three  injections  was  4  mg.  (2.8  mg.  nicotine)  per  Kg.  body  weight  ex- 
ceeded, while  Dixon  and  Lee's  small  doses  were  in  the  only  protocol  given  5 
mg.  of  the  alkaloid  nicotine  for  a  rabbit  weighing  945  G.  It  is  certainly  true 
also  that  not  one  of  the  dogs  showed  symptoms  anything  like  as  severe  as  those 
which  Dixon  and  Lee  describe.  Their  rabbits  showed  twitchings,  tremors,  par- 
tial paralysis,  and  complete  unconsciousness,  while  none  of  the  dogs  showed 
symptoms  more  severe  than  vomiting,  trembling,  and  in  some  cases  weakness 
in  the  hind  legs.  If.  therefore,  the  "absence  of  vomiting"  in  the  dogs  does  not 
indicate  tolerance,  as  they  suggest,  neither  do  the  efifects  which  "appeared  less 
pronounced"  in  their  rabbits  and,  therefore,  their  rabbits  were  not  tolerant  and 
the  whole  theory  of  the  mode  of  acquiring  tolerance  which  they  worked  out 
must  naturally  fall  to  the  ground.     Such  can  be  the  only  logical  conclusion. 

After  this  preliminary  discussion  which  will  serve  the  purpose  of  clearing 
up  questions  in  regard  to  the  reliability  of  previous  work,  the  general  content 
of  the  Dixon  and  Lee  paper  may  be  briefly  summarized,  taking  for  granted  that 
the  rabbits  were  rendered  tolerant.  After  this  had  been  accomplished  by  means 
of  three  subcutaneous  and  eleven  intravenous  injections  of  5  mg.  nicotine,  the 
tolerant  animal  and  a  control  were  killed,  and  portions  of  the  livers,  freed 
from  blood,  were  ground  in  a  mortar  with  sand  and  saline  solution  and  to  this 
were  added  2  c.c.  of  a  one  per  cent  solution  of  nicotine  and  1  c.c.  tuluol  and 
the  whole  incubated  for  two  and  one-half  hours.  The  solutions  were  then 
acidified,  boiled,  neutralized  and  filtered  through  muslin  and  paper,  the  two  fil- 
trates being  of  equal  amount.  The  relative  content  of  nicotine  in  the  solutions 
was  then  estimated  by  means  of  the  blood  pressure  rise  which  was  produced  in 
cats  when  equal  doses  were  injected  into  the  veins.  Judged  by  this  standard 
it  was  found  that  the  liver  of  the  animal  which  had  been  injected  with  nicotine 
destroyed  a  considerably  larger  amotmt  of  nicotine  than  did  the  liver  of  the 
normal  animal.  The  writers  further  conclude  that  this  destruction  is  brought 
about  by  the  action  of  a  ferment  which  is  developed  in  the  tissues  of  the  rab- 
bits under  the  influence  of  the  injected  drug. 

*The  shepherd  dog  used  in  Experiment  IV  of  the  early  series  weighed  13.6  Kg.;  the  black  and 
white  dog  used  in  Experiment  VI  weighed  14.2  Kg.  ;  and  the  hound  used  in  Expeiiment  V  was  about 
the  same  size. 
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These  results  are  very  interesting  and  important  as  they  seem  to  indicate 
the  mode  by  which  the  body  protects  itself  when  it  is  subjected  to  the  influence 
of  nicotine  over  a  considerable  period  of  time.  It  seemed  to  us  therefore  that 
inasmuch  as  it  had  been  shown  that  it  was  possible  to  develop  in  dogs  some 
degree  of  tolerance  to  the  drug  it  would  be  of  great  interest  to  see  whether  in 
these  animals  it  would  be  possible  to  demonstrate  a  mechanism  of  acquiring  this 
tolerance  similar  to  that  described  by  Dixon  and  Lee  for  rabbits. 

The  method  used  in  the  effort  to  gain  the  tolerance  was  the  same  that  was 
utilized  in  the  earlier  work,  viz.,  to  make  the  injections  subcutaneously  and  start- 
ing in  with  a  small  dose  to  rapidly  increase  the  dose  until  fairly  large  amounts 
were  being  given.  The  injections  wliich  were  made  at  intervals  of  two  or  three 
days  in  the  form  of  nicotine  chloride,  averaged  in  number  from  fifteen  to  twenty 
injections  for  each  dog.  It  is  unnecessary  to  give  protocols  for  all  the  dogs 
which  were  treated,  so  only  a  condensed  table  will  be  given  later  in  the  article. 
It  may  be  well  to  say  that  in  no  case  were  the  symptoms  any  more  severe  than 
those  described  in  the  earlier  paper.  \\\\\\  the  smaller  doses  the  usual  salivation 
and  vomiting  were  present,  accompanied  in  the  case  of  the  larger  doses  with 
dyspnea  and  some  weakness  in  the  extremities  which  was  probably  secondary 
to  the  repeated  vomiting. 

Ten  dogs  in  all  were  used  for  this  part  of  the  work  and  the  estimation  of 
the  nicotine  destroying  power  of  each  liver  was  carried  out  upon  cats  in  the 
same  way  as  had  been  done  by  Dixon  and  Lee.  After  the  dog  had  been  killed, 
its  liver  was  removed,  freed  from  blood  as  completely  as  possible,  and  fifty 
grams  of  liver  substance  were  placed  with  some  sand  in  a  mortar  and  to  this 
were  added  50  c.c.  saline  solution,  1  c.c.  of  toluol  and  40  mg.  of  nicotine  in  the 
form  of  hydrochloride.  After  these  had  been  ground  up  thoroughly  the  ex- 
tract was  incubated  at  38°  for  three  hours,  then  acidified,  boiled,  neutralized, 
strained  and  filtered.  Fifty  grams  of  liver  substance  from  a  normal  untreated 
dog  was  treated  in  precisely  the  same  manner,  the  two  extracts  being  carried 
through  at  the  same  time. 

When  these  extracts  were  completed  they  were  used  for  injection  into  cats 
which  were  prepared  for  blood  pressure  estimation  in  the  usual  way.  After 
being  anesthetized  with  chloretone,  cannulas  were  inserted  into  the  trachea,  in- 
to one  of  the  carotid  arteries  and  into  the  two  external  jugular  veins.  During 
the  course  of  these  estimations  each  animal  was  kept  warm  by  means  of  an 
electric  heating  pad  and  given  artificial  respiration  with  heated  air.  The  injec- 
tions W'hich  were  given  at  intervals  of  six  minutes  were  given  alternately,  first 
the  extract  from  the  tolerant  animal  into  one  jugular  followed  by  the  control 
into  the  vein  of  the  other  side.  The  alternating  doses  were  then  continued 
until  such  relative  amounts  were  found  that  the  rise  from  each  extract  was 
alike.  In  some  cases  these  doses  were  then  doubled  in  order  to  confirm  the 
ratio  established  In-  the  smaller  doses. 

The  following  table  willgivo  the  nicest  important  details  of  the  experiments: 
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A  survey  of  this  table  shows  first  that  out  of  the  ten  dogs  which  were  sub- 
jected to  ascending  doses  of  nicotine  in  only  three  was  there  any  evidence  of 
an  increased  power  of  destruction  of  the  alkaloid  over  that  displayed  by  normal 
animals.  These  animals  were  Numbers  five,  six  and  fourteen.  In  them  it  seemed 
that  the  facts  shown  by  Dixon  and  Lee  as  being  true  for  the  rabbit  were  also 
true  for  dogs.  In  four  more  dogs  however  (Numbers  eight,  nine,  ten  and 
twelve),  could  no  such  increased  power  be  shov^-n.  Extracts  of  livers  from 
these  animals  possessed  no  more  power  to  destroy  nicotine  than  did  those  pre- 
pared from  livers  of  animals  which  had  received  no  nicotine. 

And  as  an  ofifset  to  the  first  three  mentioned  there  are  still  another  three 
(Numbers  one,  seven  and  thirteen),  the  livers  of  which  did  not  display  as  great 
destroying  power  as  did  those  from  normal  dogs.  The  net  results  then  would 
seem  to  be  practically  negative.  The  explanation  of  our  results  probably  is 
that  the  livers  of  all  dogs  possess  some  power  of  destroying  nicotine  but  that 
this  ability  is  subject  to  great  variations  in  different  animals.  If  this  power  of 
destruction  is  due  to  a  ferment  action,  the  ferment  must  be  increased  in  amount 
only  very  slowly  and  with  great  difficulty.  That  it  is  probably  a  ferment  ac- 
tion is  suggested  by  one  of  our  experiments  (No.  6)  when  a  portion  of  the 
liver  was  boiled  before  being  incubated — all  the  other  particulars  of  the  tech- 
nic  being  the  same  as  in  the  other  cases — the  results  were  as  follows:  1  c.c. 
control — 1.4  c.c.  unboiled  extract  of  tolerant — 0.75  c.c.  boiled  tolerant.  The  fer- 
ment having  been  destroyed,  the  solution  was  relatively  stronger  even  than  the 
control  which  in  itself  had  destroyed  a  certain  amount  of  nicotine. 

That  some  normal  untreated  livers  are  not  devoid  of  the  power  of  destroy- 
ing nicotine  is  further  shown  by  some  of  the  experiments  in  which  the  control 
liver  extract  after  having  been  compared  with  the  tolerant,  was  compared  with 
a  nicotine  solution  of  equivalent  strength.  Three  experiments  tend  to  show 
that  the  normal  liver  extract  after  incubation  contained  less  nicotine  than  a  con- 
trol nicotine  solution.  Thus  in  one  experiment  (V)  1  c.c.  of  the  normal  con- 
trol liver  extract  gave  a  smaller  rise  of  blood  pressure  than  .8  c.c.  of  the  nicotine 
solution.  In  two  more  experiments  (VI  and  XIV)  1  c.c.  of  the  normal  (con- 
trol) liver  extract  gave  rise  in  blood  pressure  equivalent  to  those  produced  by 
.75  c.c.  and  .67  c.c.  of  nicotine  solution  respectively. 

In  connection  with  our  results  it  is  interestine  to  note  that  Dixon  and  Lee 
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say  that  in  three  of  their  rabbits  they  failed  to  find  any  evidence  of  tolerance  so 
it  appears  that  the  two  animals  do  not  differ  very  greatly  in  this  respect. 

The  conclusions  we  would  draw  from  our  work  are  that  the  livers  of  all 
dogs  possess  some  power  to  destroy  nicotine  and  that  the  destroying  agent  is 
probably  a  ferment.  It  is  possible  that  this  ferment  may  be  increased  in  quan- 
tity by  the  constant  use  of  the  alkaloid  but  our  experiments  do  not  furnish  any 
support  for  this  theory.  The  main  difficulty  appears  to  be  that  under  normal 
conditions  the  destroying  powers  of  different  livers  vary  so  much  in  strength 
that  it  is  almost  impossible  to  state  that  it  has  been  increased  by  treatment. 


HEXAMETHYLENAMINE    AS  A  URATE   SOLVENT,   AND   DIURETIC, 
AND  ITS  EFFECT  ON  THE  REACTION  OF  URINE* 


E'Y   Pali,  J.  Hanzuik,   M.D.,  Cleveland,   Ohio. 


ALONG  with  piperazine  and  some  other  methylene  diamines  hexamethylena- 
mine  (Bardet,  1894;  Nicolaier,  1894)  was  originally  proposed  as  a  uric 
acid  solvent.  This  alleged  virtue  Nicolaier  claims  to  have  observed  quite  in- 
cidentally. He  noticed  that  in  certain  urines  to  which  formaldehyde  was  added 
as  a  preservative  the  deposits  which  had  formed  on  standing  disappeared,  even 
in  the  presence  of  hydrochloric  acid.  This  he  attributed  to  the  formaldehyde. 
Therapeutic  possibilities  were  at  once  suggested,  and  hexamethylenamine  as  a 
non-irritating  formaldehyde  compound  was  proposed  as  the  ideal  drug.  Its  an- 
tiseptic properties  were  also  soon  recognized,  and  these  have  continued  to  claim 
a  deservedly  greater  popularity  (see  Hanzlik  and  Collins,  1913,  and  appended 
literature).  However,  a  considerable  medical  clientele  appear  still  to  possess 
faith  in  its  supposed  virtues  as  a  urate  solvent.  This  is  supported  and  fostered 
by  interested  manufacturers,  w'hose  exaggerated  claims,  however,  have  served 
to  dampen  the  enthusiasm  for  these  hoped-for  virtues. 

The  mode  of  action  of  hexamethylenamine  as  a  urate  solvent  has  never  been 
quite  definitely  understood.  In  fact  it  has  been  vaguely  attributed  sometimes 
to  its  chemical  properties,  sometimes  to  certain  alleged  physiological  effects. 
For  instance,  owing  to  the  fact  that  formaldehyde  can  combine  with  uric  acid 
to  form  soluble  compounds,  and  since  hexamethylenamine  was  supposed  to  lib- 
erate formaldehyde  in  the  body,  this  has  been  a  favorite  explanation  with  many. 
Then  again  hexamethylenamine  and  uric  acid  are  said  to  combine  directly  with 
the  formation  of  a  salt,  called  hexamethylenamine  urate.  Finally,  diuresis  due 
to  some  supposed  physiological  action  of  hexamethylenamine,  also  claims  its  ad- 
herents. There  are  reasons  for  supposing  that  neither  one  of  these  explana- 
tions is  necessarily  correct,  or  quite  adequate  in  \icw  of  other  attending  cir- 
cumstances. A  review  of  the  im]>ortant  literature  was  purposely  made  with  the 
object  of  ascertaining  what  claims,  if  any,  can  be  made  for  hexamethylenamine 
as  a  m-ate  solvent. 


*From   tlie   IMiarmacoloRical    Laboratory,    Medical   School,   Western    Reserve   ITiiiversity. 
This    review    was    (jreparcd   at    the    reriiiest    of    tlie    'rherajieiitic    Research    Coniiuittee    of    tlie    Council 
on   Phaimacy   and   Chemistry    of   the   American    Medical    Association. 
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The  results  of  this  search  are  sufficient  to  indicate  the  nej,'ative  value  of 
'hexamethylenamine  in  this  direction.  Unfortunately  the  nature  of  such  studies 
as  here  reported  is  surmounted  with  numerous  difficulties,  and  it  cannot  be  said 
that  the  investigations  undertaken  to  elucidate  these  have  been  always  char- 
acterized by  the  most  careful  scientific  scrutiny.  ,  Much  of  the  confusion  has 
resulted  from  a  failure  to  realize  and  appreciate  the  chemical  and  solubility 
characteristics  of  uric  acid  and  its  salts  and  their  behavior  in  the  organism. 
Since  these  fundamental  considerations  cannot  be  safely  overlooked  in  judging 
of  the  real  value  of  hexamethylenamine  as  a  urate  solvent,  it  was  deemed  nec- 
essary to  present  first  a  resume  of  them.  Following  this  the  effects  of  hexa- 
methylenamine will  be  considered. 

Uric  Acid  and  its  Salts.* 

Uric  acid  is  a  weak  dibasic  acid  and  can  form  tliree  series  of  salts:  (1)  neutral  or 
dibasic,  normal  or  secondary  urates ;  these  are  tormed  only  by  strong  alkalies  and  cannoi 
occur  under  natural  conditions,  being  decomposed  by  carbon  dioxide  and  even  water; 
(2)  acid  urates,  or  monobasic,  primary  or  biurate;  these  are  neutral  to  litmus;  (3)  quad- 
riurate;  hemibasic  or  tetra  urate,  a  mixture  of  uric  acid  and  acid  urate  (Kohler,  1911); 
according  to  Ringer  and  Schmutzer  (1912)  a  "solid  solution  of  uric  acid  in  acid  urate 
which  can  be  formed  at  body  temperature,  but  whicli  is  unstable  on  cooling  and  thus  sep- 
arates uric  acid." 

Solubility. — Free  uric  acid  is  very  little  soluble  in  water.  According  to  His  and  Paul 
(1900)  pure  water  dissolves  at  18°  C.  only  25  mgms.  per  liter=l  :40,000 ;  at  40°  the  sol- 
ubihty  is  doubled.  Alkalies,  even  sodium  l)icarbonate  and  phosphate,  transform  part  of 
the  uric  acid  into  acid  urate  and  therefore  increase  its  solubility.  Free  acids  lessen  sol- 
ubility since  they  decrease  the  ionization  (His  and  Paul,  1900).  Addition  of  free  uric 
acid  to  urine  may  precipitate  a  part  of  uric  acid  originally  in  solution  (Voit)  presumably 
by  acting  as  a  crystallizing  nucleus.  The  solubility  in  serum  is  much  greater  (SCO  mgms. 
per  liter)  than  in  water  (Bechhold  and  Ziegler,  1909).  This  is  probably  due  to  the  colloids 
and  it  is  probable  that  the  colloid  constituents  of  urine  also  contribute  to  the  solubility  of 
Tiric  acid  and  urates  (Uchtwitz,  1910).  Lichtwitz,  however,  denies  an  important  role 
to  urochrome  as  was  claimed  by  Klemperer,  and  finds  that  practically  all  the  uric  acid 
of  urine  is  in  true  solution  (not  colloidal)  for  it  dialyzes  easily  from  urine.  Ruedel 
(1892)  claimed  urea  to  have  an  important  solvent  action,  but  Ritter  (1897)  finds  this  very 
limited.  The  acid  sodium  phosphate  precipitates  and  liberates  uric  acid.  This  is  counter- 
acted by  the  presence  of  the  alkaline  phosphate,  and  is  of  interest  in  connection  with  urine. 

According  to  Allan  and  Bensch  (1848),  the  solubility  of  the  different  urates  in  water 
is  about  as  follows:  lithium  1:350;  potassium  1:800;  sodium  1:1200;  and  ammonium 
1:1600;  alkaline  earths  1:4000  to  6000.  Excess  of  alkali  or  other  salts  decreases  the  sol- 
ubility by  "salting  out"  in  proportion  to  their  concentration  (Roberts,  1896;  Ritter.  1897). 
The  salts  of  plasma  reduce  the  solubility  to  1/10  of  that  in  water  (His  and  Paul,  1900). 
Solid  sodium  acid  urate  occurs  in  two  forms ;  when  freshly  precipitated  is  gelatinous,  col- 
loidal or  amorphous,  later  becomes  crystalline.  The  colloidal  form  is  more  easily  soluble 
(Bensch,  1845).  Gudzent  (1909)  claims  that  two  forms  exist,  the  more  soluble  lactam  and 
the  less   (2/3)    soluble  lactim. 

Occurrence  in  the  Body  and  Tissues. — Uric  acid  as  such  does  not  exist  in  the  blood. 
It  appears  in  the  form  of  the  acid  urates  in  solution  in  the  blood  and  tissues  and  as  solid 
biurate  deposits  in  gouty  tophi  (Ritter,  1897).  The  free  acid  and  acid  urate  appear  in 
scanty  or  acid  urine.  Being  crystalline  the  urate  deposits  act  as  powerful  mechanical  ir- 
ritants producing  some  of  the  local  phenomena  of  gout.  These  can  be  simulated  by  the 
subcutaneous  injection  of  suspensions  of  acid  sodium  urate  and  in  birds  by  subcutaneous 
injection  of  chromates  or  ligation  of  the  ureters.  The  cause  of  the  abnormal  appear- 
ance of  urate  deposits  in  gout  is  not  understood.  Recently,  Benedict  (1915)  has  obtained 
results  with  ox  blood  which  seem  to  indicate  that  uric  acid  appears  in  some  combined 
non-excretable  form  in  the  blood  corpuscles,  besides  the  urate  in  the  plasma,  which  would 
be  the  excretable   form. 


*The  material  in  small  print  under  this  heading  was  in  part  abstracted   from  the  manuscript  of  Pro- 
fessor Sollmann's  revised  Textbook  of  Pharmacology. 
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Effects  of  Solvents  on  Urate  Deposition  in  Tissues. — The  mobilization  or  removal 
of  urates  from  the  tissues  in  such  conditions  as  gout,  and  possibh-  others,  would  be  de- 
sirable; also,  to  prevent  the  formation  of  urate  deposits  in  tissues  and  urine.  What  has 
been  said  concerning  the  chemical  properties  of  the  urates  serves  to  indicate  the  dif- 
ficulties of  doing  this. 

The  study  of  solubility  is  greatly  complicated  by  small  quantities  going  into  solu- 
tion, polyvalence,  formation  of  colloidal  solutions,  supersaturation  and  the  influence  of 
small  quantities  of  impurities,  decompositions,  etc.  (His  and  Paul,  1900).  Alkalies  dis- 
solve a  limited  amount  of  free  uric  acid  by  conversion  into  the  more  soluble  acid  urates 
and  that  limited   success  is   confined  to  urine. 

When  all  the  uric  acid  exists  as  acid  urate,  as  it  does  ^vithin  the  body,  the  addition 
of  alkali  can  have  no  further  solvent  action.  On  the  contrary,  excess  of  alkali  or  other 
salts  tends  rather  to  decrease  the  solubility  of  the  urates.  It  is  evident,  therefore,  that 
no  direct  solvent  action  can  occur  in  urate  tophi  (Ritter,  1897).  This  inefficiency  has  been 
confirmed  clinically.  If  alkalies  have  any  effect,  which  is  doubtful,  it  would  be  solely  by 
their  diuretic  action.  Loghem  (1907)  claimed  that  hydrochloric  acid  is  more  useful  for 
preventing  formation  of  urate  deposits  in  animals,  presumably  by  lessening  the  "salting 
out."     Ritter   (1897)    had  a  similar  idea,  but  this  was  not  confirmed  by  Staal   (1908). 

The  conditions  for  solvent  efficiency  of  alkalies  is  much  better  in  acid  urine.  This 
contains  not  only  acid  urates,  but  also  free  uric  acid  often  in  saturated  solution.  When 
urine  cools,  it  becomes  more  acid  and  under  other  conditions  solutions  may  become  super- 
saturated. The  uric  acid  will  then  precipitate  alone  or  in  combination  with  a  part  of  the 
acid  urate  (quadriurate).  This  can  be  prevented  either  by  making  urine  more  dilute 
(diuresis)  or  by  making  it  less  acid.  Alkalies  according  to  Buchheim  (1853)  act  in  both 
directions.  Too  high  concentrations  of  alkali  as  other  salts  render  acid  urate  less  soluble, 
but  in  practice  the  administration  of  alkalies  does  not  raise  the  total  concentration  of 
urine  especially  if  the  water  is  taken  freely.  Alkaline  urines  would  also  dissolve  actually 
precipitated  uric  acid,  for  the  urine,  after  the  administration  of  alkalies,  is  able  to  dis- 
solve more  uric  acid  than  before  (Haskins,  1914).  With  the  practical  limits  of  the  al- 
kalinity of  the  urine,  however,  the  solution  is  so  slight  that  it  has  little  effect  on  formed 
calculi.  The  introduction  of  alkaline  solutions  into  the  bladder  has  not  been  more  suc- 
cessful   (Buchheim.   1853). 

It  is  sometimes  stated  that  the  solubility  of  urates  is  improved  by  the  administra- 
tion of  potassium  or  lithium  salts.  This  is  true  of  pure  solutions,  or  when  sodium  urate 
(or  urate  stones  or  tophi  are  treated  with  lithium  carbonate),  but  it  cannot  occur  in  the 
presence  of  an  excess  of  sodium  ;  for  according  to  ordinary  chemical  laws,  when  several 
bases  compete  for  an  acid,  it  is  the  least  soluble  salt  that  is  formed.  Since  there  is  al- 
ways an  excess  of  sodium  ions  in  the  blood  and  urine,  the  lithium  and  potassium  would 
have  no  chance  to  exert  their  solvent  action.  The  same  reasoning  applies  to  certain  or- 
ganic bases,  such  as  the  ethylen-amines  (also,  hexamethylenamine),  piperazine  and  piperidine. 
These  also  would  be  unable  to  compete  against  the  sodium.  Moreover  they  are  excreted 
imperfectly,  so  that  their  efficiency  in  the  urine  is  probably  inferior  to  that  of  ordinary 
alkalies   (Haskins,  1914). 

The  relation  of  reaction  and  volume  of  urine  to  solubility  of  uric  acid  was  studied 
"by  Blatherwick  (1914).  He  found  that  the  extent  of  solution  of  uric  acid  in  urine  ap- 
pears to  be  chiefly  a  function  of  hydrogen-ion  concentration.  There  was  a  striking 
regularity  in  the  deposition  of  uric  acid  in  urines  having  a  greater  hydrogen-ion  concen- 
tration than  7.0  (neutrality),  while  alkaline  urines  showed  an  increased  capacity  to  dis- 
solve. Very  acid  urines  were  generally  found  to  be  supersaturated  and  neutral  specimens 
were  nearly  saturated.  Ordinary  variations  in  urinary  volumes  exerted  an  insignificant 
influence  on  uric  acid  soluliiliiy.  These  changes  can  be  effected  by  appropriate  variations 
in   a   dietary  composed   of   commonly  used   articles. 

Excretion  of  Uric  Acid  (Aside  from  Dietaky  Im-xuence). 

The  various  factors  in  the  c|uantitative  excretion  of  uric  acid  by  the  kid- 
ney, using  the  accurate  colorimetric  method  of  Folin,  has  been  studied  bv  Rob- 
ertson (1914)  \\\{\\  no  definite  results.  The  injection  of  pituitary,  saline,  ba- 
rium chloride,  caffeine  and  piperazine  and  sodium  suli)hate  produced  no  changes 
in  uric  acid  excretion  which  were  sufficiently  independent  of  urine  flow  to  sug- 
gest any  specific  cfTect  of  the  agents  used.     Tn  fact  it  could  not  be  definitely  es- 
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tablished  whether  increased  water  excretion  or  change  in  the  blood  flow  through 
the  kidney  is  primarily  responsible  for  the  parallelism  between  increase  in  urine 
flow  and  uric  acid  excretion.  Certain  of  the  results  indicate  that  uric  acid  ex- 
cretion varies  independently  of  the  urine  flow,  and  that  increased  uric  acid  ex- 
cretion does  not  necessarily  lead  to  much  increase  in  the  amount  of  urine. 
Preti  (1915)  has  recently  shown  that  the  increased  intake  of  carbon  dioxide 
(respiration)  increases  the  elimination  of  uric  acid.  So  far  as  drugs  are  con- 
cerned, it  can  be  stated  that  atophan  (Folin  and  Lyman,  1913;  Raskins,  1913), 
saHcylate  (Denis,  1915),  and  colchicum  produce  a  definite  increase  in  the  ex- 
cretion of  uric  acid  into  the  urine;  alcohol  is  somewhat  doubtful  (Jackson  and 
Blackfan,  1907).  According  to  Abl  (1913)  diminution  in  the  excretion  is 
brought  about  by  calcium  salts,  barium  sulphate  and  bismuth  nitrate,  whereas 
mustard,  arsenic,  colchocine,  thorium,  sulphur,  santonin,  glycerin,  choline,  chloral, 
neurine,  strontium  and  piperazine  increase  elimination.  These  drug  actions  may 
be  explained  by  increase  in  renal  permeability  in  some  cases,  or  disturbances 
in  the  systemic  circulation  in  others;  increased  oxidation  may  also  play  a  part. 

The  role  of  the  digestive  glands  in  the  production  of  endogenous  uric  acid 
has  recently  been  emphasized  by  ]\Iendel  and  Stehle  (1915).  Drugs  which  aug- 
ment glandular  activity,  such  as  pilocarpine,  brought  about  an  increased  ex- 
cretion, whereas  atropin  (antagonist)  lessened.  ^Mechanical  work  of  the  in- 
testine alone  did  not  influence  the  production  of  uric  acid. 

This  rather  lengthy  preliminary  survey  is  considered  necessary  for  a  proper 
appreciation  of  the  properties  of  uric  acid  and  the  urates  and  the  various  con- 
ditions which  influence  and  tmderlie  their  behavior  in  the  body.  It  Avill  suf- 
fice to  indicate  the  complex  nature  of  any  problem  which  pretends  to  the  analy- 
sis of  the  solvent  properties  and  excretory  powers  of  a  given  agent  for  uric  acid 
or  urates.  From  what  has  been  said  of  the  influence  of  the  various  factors 
governing  the  solubility  and  excretion  of  urates,  and  the  probable  chemical 
and  physiological  effects  which  can  be  produced  in  this  direction  by  hexamethyl- 
enamine,  its  chances  of  success  as  a  uric  acid  solvent  would  be  rather  limited. 
There  are  certain  properties  which  hexamethyienamine  must  exhibit  if  it  is  to 
produce  the  desired  eft'ects.  These  are:  (A)  As  a  urate  solvent:  (1  )  a  urine 
containing  hexamethyienamine  must  take  up  distinctly  more  uric  acid  than  do 
normal  urines  of  corresponding  acidity  and  concentration;  (2)  to  be  of  value 
in  calculi,  gravel,  and  removal  of  free  uric  acid,  it  must  dissolve  these  more 
readily  than  urine  itself  without  the  influence  of  concentration  and  alkali.  (B) 
For  urate  elimination :  Administered  internally  a  definite  increase  in  elimina- 
tion of  urates,  uninfluenced  by  other  factors,  such  as  diuresis,  diet,  drugs,  etc., 
must  be  demonstrated.  The  available  facts  in  the  literature  will  now  be  judged 
on  the  basis  of  these  conditions,  and  unfortunately,  it  may  be  intimated,  with 
not  always  the  best  results  for  hexamethyienamine. 

Addition  of  Hexamethylena^mixe  to  Pure  Urate. 

According  to  the  experiments  of  Tuniclift'e  (1897)  a  3.5%  aqueous  solu- 
tion of  hexamethyienamine  dissolved  0.7%  of  added  uric  acid  at  17°  C. ;  3.3% 
at  36°  C,  by  prolonged  heating  on  a  water-bath.  The  solution  of  hexamethyi- 
enamine was  acid  to  litmus.  Hence  it  is  probable  that  formaldehyde  was  pres- 
ent, and  caused  uric  acid  to  go  into  solution.     Casper    (1898)    found  that  300 
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Gms.  of  water  dissolved  0.024%  of  uric  acid  in  5  days  at  room  temperature, 
none  at  37°,  whereas  a  1.3%  hexamethylenamine  solution  dissolved  0.18%  in 
5  days  at  room  temperature,  and  0.016%.  at  37°  C.  Nicolaier  (1899)  observed 
that  hexamethylenamine  solutions  dissolve  more  uric  acid  than  water  alone  at 
18°  C,  and  this  was  augmented  by  about  seven  times  at  37°  C.  According  to 
Tunicliffe  and  Rosenheim  (1898)  solutions  of  uric  acid  in  hexamethylenamine 
gelatinize  on  cooling,  behaving  in  this  respect  like  colloids,  but  differing  from 
them  by  being  able  to  dialyze.  The  experiments  of  Nicolaier  (1899)  indicate 
that  while  hexamethylenamine  dissolves  uric  acid  and  urates  at  body  tempera- 
ture, it  is  less  active  in  this  respect  than  piperazine.  Heinz  (1907)  and  Pen- 
zoldt  (1910)  claim  that  hexamethylenamine  in  vitro  has  considerable  solvent 
action  for  uric  acid,  but  no  evidence  is  offered  for  this.  Ortowski  (1910)  re- 
ports that  the  solvent  properties  of  hexamethylenamine  for  uric  acid  at  37.5° 
C.  are  slight,  but  that  passage  through  the  body  imparts  to  the  urine  marked 
solvent  properties.  Stevens  and  May  (1911)  found  that  a  1.5%  solution  of 
hexamethylenamine  was  only  a  fair  solvent  for  added  uric  acid,  requiring  con- 
siderable agitation  to  effect  solution.  Only  0.035%  of  uric  acid  was  dissolved. 
and  on  prolonged  standing  (1  to  14  days)  in  contact  with  hexamethylenamine 
no  destruction  or  decomposition  of  the  uric  acid  was  demonstrable.  As  com- 
pared with  hexamethylenamine  the  solvent  properties  of  lycetol  were  less,  but 
that  of  piperazine  greater.  Kobert  (1906)  states  that  hexamethylenamine  per  se 
forms  a  compound  with  uric  acid  from  which  uric  acid  cannot  be  regenerated. 
This  does  not  seem  to  be  the  common  view.  Whatever  solubility  takes  place 
is  said  to  be  due  to  liberated  formaldehyde  with  the  formation  of  diformalde- 
hyde  uric  acid  (Tollens;  Nicolaier).  This  is  believed  to  be  the  case  by  Has- 
kins  (1915),  whose  work  shows  definitely  that  hexamethylenamine  in  concentra- 
tions (0.05  to  0.1%)  comparable  to  amounts  excreted  after  therapeutic  doses 
has  no  demonstrable  influence  on  the  solubility  of  uric  acid  under  conditions 
resembling  urine.  In  higher  concentrations  (1%)  hexamethylenamine  dis- 
solved small,  but  distinctly  demonstrable,  quantities  of  uric  acid  with  the  libera- 
tion of  formaldehyde.  The  experiments  were  performed  by  adding  uric  acid 
to  mixtures  of  di-  and  monosodium  phosphates,  since  the  degree  of  reaction 
plays  an  important  part  in  the  solubility.  Haskins  found  that  0.1  to  5%  solu- 
tions of  hexamethylenamine  in  plain  distilled  water  dissolved  0.035 9r  to  0.25%. 
respectively,  of  uric  acid,  but  he  observed  that  the  acidity  { hydrogen-ion  con- 
centration) of  ordinary  distilled  water  (due  to  COo)  is  sufficient  to  cause  lib- 
eration of  formaldehyde  from  the  hexamethylenamine.  The  solubility,  there- 
fore, was  not  due  to  hexamethylenamine  per  se.  Water  alone  dissolved  only 
0.0084%  of  uric  acid.  Another  instance  of  how  a  relatively  small  degree  of 
acidity  tends  to  facilitate  the  uric  acid  solubility  of  hexamethylenamine  as  com- 
pared with  a  small  degree  of  alkalinity  was  observed  l)y  Haskins  as  follows: 
A  1%.  solution  of  the  drug  in  a  phosphate  mixture  of  a  hydrogen-ion  concen- 
tration of  7.2  (alkalinity)  dissolved  a  smaller  amount  of  extra  uric  acid  than 
a  1%  solution  of  the  drug  in  a  phosphate  mixture  of  the  same  concentration, 
but  of  greater   hydrogen-ion   concentration,   ().8    (acidity). 

Why  hexamethylenamine  dissolves  extra  uric  acid  in  alkaline  mixtures  is 
explained  by  Haskins  (1915)  as  due  to  the  fact  that  the  acidity  of  the  solu- 
tion gradually  changes  as  uric  acid  is  taken  up.     l'\»r  instance,  the  filtrate  from 
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a  7.2  (alkaline)  phosphate  mixture  after  shaking  with  uric  acid  liad  an  acidity 
of  6.8.  In  consequence  of  this,  formaldehyde  was  finally  liberated  in  the  hexa- 
methylenamine  phosphate  mixture  and  dissolved  extra  uric  acid,  whereas  in 
the  same  acid  solution  (6.8)  formaldehyde  was  being  liberated  during  the  en- 
tire time  of  shaking.  While  the  time  for  liberation'  of  the  formaldehyde  may 
be  relatively  short,  this  is  compensated  for  by  the  greater  concentration  of  the 
drug. 

Concerning  the  combining  power  of  formaldehyde  with  uric  acid,  it  may  be  further 
said  that  formaldehyde  combines  with  uric  acid  to  form  loose  and  in  part  at  least,  very 
easily  soluble  compounds  in  water.  This  was  investigated  by  Weber,  Pott,  and  Tollens 
(1897),  but  it  is  not  quite  clear  (although  conceivable)  whether  this  combination  takes 
place  under  conditions  of  the  body  (i.  e.,  in  urine)  when  formaldehyde  is  liberated  from 
hexamethylenamine.  These  investigators  prepared  formaldehyde  compounds  by  adding  uric 
acid  to  40%  formaldehyde  at  100  to  110°  C.  Two  sets  of  products,  which  differed  in  ele- 
mental composition,  were  obtained,  and  formaldehyde  from  one  of  these  (di-formalde- 
hyde)   was  liberated  by  prolonged  boiling  only. 

In  Nicolaier's  (1906)  contribution  on  compounds  of  uric  acid  with  formaldehyde, 
nothing  of  importance  is  added  to  the  subject.  In  their  work  both  Tollens  and  Nicolaier 
make  use  of  40%  formaldehyde  in  the  preparation  of  these  uric  acid  compounds.  In  no 
case  have  there  been  used  such  concentrations  of  formaldehyde  as  can  appear  in  the  urine 
after  administration  of  hexamethylenamine.  Final  judgment  as  to  the  possibilities  of 
formation  of  such  formaldehyde  uric  acid  compounds  must  be  deferred  until  these  have 
been  investigated  under  conditions  of  the  body. 

The  degree  of  the  reaction  (H+conc.)  is  the  most  important  factor  in  the 
problem  of  urate  solubility  and,  unfortunately,  was  practically  entirely  over- 
looked by  all  workers  previous  to  Haskins  (1915).  This  greatly  limits  the 
value  of  their  work.  As  will  be  seen  later,  it  is  the  paramount  factor  of  im- 
portance in  urinary  solubility,  which  will  shortly  be  considered. 

The  nature  of  the  evidence  just  cited  permits  us  to  conclude  that  the  solu- 
bility influence,  of  hexamethylenamine ' /rr  sc  when  added  directly  to  pure  uric 
acid  is  practically  nil,' particularly  if.  the  influence  of  reaction,  salts,  tempera- 
ture, and  other  factors  are  discounted.  \Mien  formaldehyde  is  liberated,  a 
small  but  practically  insignificant  quantity  of  tiric  acid  is  dissolved. 

Addition  op  Hexamethylknamine  to  Urate  Calculi- 

The  observations  on  this  are  extremely  limited.  According  to  Xicolaier 
(1904),  the  action  of  hexamethylenamine  on  uric  acid  concretions  is  slow  and 
difficult  to  judge.  His  own  observations  are  limited  to  urine,  and  will  be  dis- 
cussed later.  Casper  (1897)  states  that  hexamethylenamine  solutions,  no  mat- 
ter how  strong,  hardly  dissolve  uric  acid  calculi  any  more  than  ordinary  water, 
and  at  room  temperature  solution  proceeds  somewhat  more  slowly  than  at  body 
temperature.  This  is  confirmative  of  some  preliminary  experiments  reported 
by  Loebisch  (1897).  Casper  also  observed  that  as  a  solvent  for  calculi,  hexa- 
methylenamine is  no  more  effective  than  lysidine  or  piperazine  or  other  agents 
recommended  for  that  purpose.  ■  Drake-Brockmann  (1900)  found  that  weak 
and  concentrated  solutions  of  hexamethylenamine  produced  no  change  in  the 
weight  of  small  portions  of  immersed  calculi  even  after  incubation  for  several 
days. 

While  the  paucity  of  data  must  be  admitted,  the  general  tone  of  the  exist- 
ing observations  is  unfavorable  to  hexamethylenamine  as  a  solvent  for  calculi. 
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Solvent  Action  of  Hexametpiylenamixe  Urines  on  Added  Uric  Acid 

AND  Urate. 

Nicolaier  (1899)  observed  that  urines  which  previously  did  not  dissolve 
added  uric  acid  at  body  temperature,  did  so  when  they  contained  hexamethyl- 
enamine.  However,  Xicolaier  reports  but  few  results,  and  the  influence  of  the 
reaction  of  the  urines  was  not  studied.  Casper  (1898)  performed  a  single 
experiment  with  200  grams  of  urine  of  a  man  who  received  3  grams  of  hexa- 
methylenamine,  and  found  that  in  5  days  at  room  temperature  O.Q27%  of  added 
uric  acid  was  dissolved,  and  0.14^^  at  o7°  C,  but  no  reference  is  made  to  the 
reaction  of  the  urine  during  this  time,  and  Casper,  rightfully,  does  not  lay 
stress  on  this  observation.  Tuniclifife  and  Rosenheim  (1898)  observed  that 
when  hexamethylenamine  (0.2  Gm.)  was  added  to  urine  (100  c.c)  kept  at  body 
temperature  for  two  and  a  half  hours,  about  6  times  as  much  of  the  added  uric 
acid  was  dissolved  as  compared  with  the  same  urine  without  the  drug.  Here 
again  nothing  is  stated  concerning  the  reaction  or  concentration  of  the  urine, 
and  this  same  criticism  applies,  to  the  claimed  superiority  for  piperidine  and  ly- 
sidine,  which  according  to  these  authors  would  be  about  thirty  times  that  of 
hexamethylenamine. 

Haskins  (1915)  found  that  when  hexam.ethylenamine  (0.05 '^r  to  0.1%),  in 
quantities  comparable  to  therapeutic,  was  added  to  normal  urines,  no  more  added 
uric  acid  was  dissolved  than  in  the  same  urines  without  the  drug.  Strong 
concentrations  (1%)  of  the  drug. dissolved  more  uric  acid  than  the  urine  itself. 

In  connection  with  this  the  observations  of  Tuniclifife  and  Rosenheim  (1898) 
on  the  solubility  of  serum  for  sodium  biurate  may  be  mentioned,  for,  so  far  as 
I  know,  they  represent  the  only  data  of  their  kind  in  the  literature.  Tuniclifife 
and  Rosenheim  found  that  when  hexamethylenamine  (0.1  Gm.)  was  added 
to  beef  serum  (100  c.c.)  containing  sodium  biurate,  the  solubility  of  the  biurate 
was  increased  over  that  of  serum  alone.  With  serum  alone,  the,  solubility  was 
1 :60,000.  When  hexamethylenamine  was  added,  this  was  increased  to  1  :  14,000. 
If  the  solubility  of  biurate  in  serum  alone  is  given,  the  value  of  1  of  that  serum 
plus  hexamethylenamine  would  have  the  value  of  4.5.  Piperidine  gave  4.7.  but 
lysidine  and  piperazine  less  than  hexamethylenamine.  The  quantity  of  biurate 
in  the  serum  originally  present  was  very  small,  about  0.00029%.  Although  the 
reaction  of  the  serum  was  not  observed,  these  experiments  appear  to  have  been 
otherwise  properly  performed.  If  the  serum  possessed  a  neutral  or  very  slight- 
ly alkaline  reaction  (even  after  incubation),  then  it  appears  that  hexamethyl- 
enamine itself  would  possess  some  solvent  influence  on  biiu^ate,  which,  although 
an  acid  salt,  would  not  influence  the  reaction  sufficiently.  On  the  other  hand, 
if  the  serum  solution  became  trul\  acid,  as  it  frequently  the  case  with  incubated 
body  fluids,  then  formaldehyde  was  liberated  and  would  explain  the  solubility 
to  some  extent  at  least.  A  confirmation  of  these  experiments  is  necessary  be- 
fore this  feature  of  ura,te  solubi'ity  by  hexamethylenamine  is  accepted  as  proven. 

Efeect  of  Administration  of  Hexamethylenamine  on  Uric  Acid  and 

Urate  Solubilities. 

Nicolaier  (1895)  claimed  that  an  individual  passing  a  virine  which  on  in- 
cubation and  on  standing  deposits  urates,  will  not  show  this  if  hexamethylcna- 
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mine  is  g-iven  in  snfficient  dosage,  and  that  the  urine  loses  its  uric  acid  solubility 
when  the  administration  of  hexamethylenamine  is  stopped.  A  case  of  leukemia 
is  cited  in  which  the  urine  exhibited  urate  sediments  on  all  days  except  when 
hexamethylenamine  was  administered.  The  dose  of  hexamethylenamine  was  6 
Gms.  per  day.  This  effect  was  not  thought  to  be  due  to  increase  in  diuresis, 
since  dilution  of  the  same  urine  did  not  alter  the  quantity  of  sediment ;  also  not 
to  concentration,  since  the  specific  gravity  was  the  same.  The  reaction  of  the 
urine  was  said  to  be  unchanged  qualitatively  (acid),  but  no  observations  on 
the  reaction  in  a  quantitative  manner  were  made,  nor  on  the  quantity  of  uric 
acid.  In  fact  solution  of  uric  acid  in  the  incubated  hexamethylenamine  urine 
progressed  slowdy  for  several  days ;  this  being  especially  true  of  urate  concre- 
tions. 

Smaller  daily  doses  of  hexamethylenamine  (1  to  1.5  Gms.)  also  caused 
urine  to  take  up  added  uric  acid.  However,  this  varied  within  wide  limits,  and 
was  greatest  usually  with  the  least  concentrated  urines,  especially  if  diuresis 
increased  during  the  administration  of  the  drug.  Nicolaier  states  that  the  reac- 
tion (acid)  was  not  changed  during  the  medication,  however  the  degree  of  the 
acidity  from  time  to  time  was  not  ascertained. 

Nicolaier  states  that  urine  at  body  temperature  could  not  dissolve  concre- 
tions, but  after  sufficiently  large  doses  of  hexamethylenamine  ( 1  Cm.  three  times 
a  day),  the  urines  at  37°  began  to  dissolve  the  concretions  during  the  first  twen- 
ty-four hours,  and  solubility  progressed  slowdy,  so  that  in  a  few  days  only  the 
organic  protein-like  structure  remained  undissolved.  The  solution  property  was 
lost  when  hexamethylenamine  was  stopped.  A  case  from  such  a  series  of  ob- 
servations is  cited.  The  degree  of  acidity  of  urine  was  not  determined,  and 
diuresis  is  excluded  on  the  grounds  that  the  same  urine,  when  diluted  and  in- 
cubated at  37°,  did  not  dissolve  the  concretion. 

In  his  attempt  to  explain  the  supposed  hexamethylenamine  solubility  of 
urate,  Nicolaier  admits  the  importance  of  diuresis.  However,  this  is  not  thought 
to  be  the  only  cause,  since  solubility  of  uric  acid  occurs  without  it.  Reaction 
of  the  urine  is  considered  important  in  creating  a  favorable  condition  for  solu- 
tion. However,  since  the  reaction  remains  acid  and  practically  unchanged  dur- 
ing hexamethylenamine  medication,  and  hexamethylenamine  itself  is  a  weak 
base,  and  cannot  lower  the  acidity,  Nicolaier  thinks  that  too  much  stress  should 
not  be  laid  on  this,  and  prefers  to  regard  solubility  as  an  action  of  the  drug  it- 
self. 

The  mechanism  of  this  action  is  attributed  to  liberated  formaldehyde,  which 
is  said  to  form  very  soluble  compounds  with  uric  acid,  this  being  more  true  at 
body  than  room  temperature,  since  heat  facilitates  the  decomposition  of  hexa- 
methylenamine. No  experiment  of  his  own  is  cited  by  Nicolaier  for  this  theory. 
The  presence  of  formaldehyde  was  not  demonstrated,  nor  is  the  possibility  of 
the  likely  quantity  necessary  for  union  with  the  added  uric   acid  indicated. 

Casper  (1897)  states,  that  after  numerous  unsuccessful  experiments  with 
other  reagents,  he  does  not  believe  the  favorable  reports  of  Nicolaier  on  the 
solubility  of  hexamethylenamine  for  concrements.  Casper  gave  hexamethyl- 
enamine in  large  doses  to  patients  with  uric  acid,  gravel  or  stone,  without  ob- 
serving any  positive  evidence  of  the  solubility  of  the  concretions.  Casper  ob- 
served that  urine  during  and   after  administration   of   hexamethylenamine   dis- 
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solved  uric  acid  just  as  poorly  as  urine  of  the  same  subject  without  the  drug. 

The  supposed  beneficial  results  in  a  case  of  pyelitis  calculus  urica  on  a 
purin-free  diet  reported  by  Loebisch  (1897)  are  attributed  to  diuresis  and 
formaldehyde  liberated  in  the  blood.  However,  I/Debisch  falls  into  error  re- 
garding the  presence  of  free  formaldehyde  in  blood.  That  such  does  not  occur 
is  universally  admitted  (see  Hanzlik  and  Collins,  1913;  McGuigan,  1914).  He 
also  states  that  hexamethylenamine  dissolves  sodium  acid  urate  at  room  tem- 
perature very  slowly,  but  very  rapidly  on  incubation. 

Nicolaier  (1904)  asserts  that  the  urate  solvent  property  of  hexamethylena- 
mine is  not  due  to  the  drug  itself,  but  rather  to  the  liberated  formaldehyde. 
Nicolaier  states  again  that  1  to  1.5  Gm.  of  hexamethylenamine  has  uric  acid 
solvent  properties,  especially  in  urate  concretions. 

The  observations  of  Rosenfeld  and  Orgler  (1896)  on  the  effect  of  administration  of 
hexamethylenamine  are  too  few  and  the  method  for  estimation  of  uric  acid  unreliable. 
Their  conclusions,  that  hexamethylenamine  acts  by  lessening  formation  and  improving 
solubility  of  uric  acid,  are  unjustifiable,  since  the  results  can  be  explained  on  the  basis  of 
differences  in  diuresis  and  sudden  changes  in  diet,  which  during  the  experimental  ob- 
servations (when  hexamethylenamine  ,was  administered)  consisted  of  calves'  sweetbread 
(500  Gm  ). 

According  to  Ortowski  (1900)  verj^  marked  uric  acid  solvent  properties  are  exhibited 
by  the  urine  only  after  passage  of  hexamethylenamine  through  the  body,  the  precipitabil- 
ity  of  uric  acid  is  lessened,  and  in  this  as  well  as  direct  solubility,  it  is  superior  to  pipe- 
i-azine,  uricedine,  lysidine  and  bicarbonate.  However.  Ortowski's  observations  are  ex- 
tremely limited,  and  the  results  do  not  warrant  the  conclusion.  The  reaction  and  concen- 
tration of  the  urine  were  not  taken  into  account.  Rosenfeld  and  Orgler  (1896)  claim 
that  hexamethylenamine  not  only  increases  the  solvent  properties  of  urine,  but  sometimes 
lessens  the  excretion  of  uric  acid.  Klemperer  (1904)  claims  to  have  confirmed  an  observa- 
tion of  Nicolaier  that  after  the  administration  of  6  grams  of  hexamethylenamine  the  24- 
hour  urine  had  1/5  of  the  entire  amount  of  uric  acid  present  in  the  form  of  non-pre- 
cipitable   formaldeliyde   compound. 

Haskins  (1915)  made  a  large  number  of  observations,  with  strict  control 
of  the  reaction  of  the  urines.  Since  he  is  the  only  investigator  who  has  taken 
the  necessary  precaution,  the  value  of  his  results  outweighs  all  the  others.  He 
found  that  urines  after  therapeutic  doses  of  hexamethylenamine  had  no  greater 
solvent  power  for  uric  acid  than  normal  urine  of  similar  concentration,  or  of 
similar  hydrogen-ion  concentration.  It  appeared  that  when  excessive  doses  (4 
grams)  of  hexamethylenamine  were  given  to  normal  individuals,  the  solvent 
power  of  the  urines  was  somewhat  greater  than  was  secured  with  normal  urines 
of  the  same  hydrogen-ion  concentration.  Similar  effects,  however,  were  more 
easily  and  just  as  effectively  secured  by  the  administration  of  therapeutic  doses 
of  alkaline  diuretics  and  sodium  bicarbonate. 

From  all  this  it  is  seen  that  the  older  observations  on  the  administration 
of  hexamethylenamine  as  urate  solubility  are  contradictory.  This  is  due  to  the 
fact  that  such  factors  as  degree  of  reaction,  concentration  of  the  urine,  diuresis, 
dietary  influence,  the  uncertain  amount  of  hexamethylenamine  present  and  for- 
inaldehyde  liberation  were  either  not,  or  imperfectly  considered.  More  recent, 
and  better  controlled  observations  which  gi\e  due  consideration  to  these  factors 
seem  to  nullify  any  importance  that  was  attached  to  the  increased  solvent  prop- 
erties of  hexamethylenamine  urines  for  uric  acid  above  and  beyond  that  of 
urine  itself.     An  exception  must  be  made  to  the  use  of  extra  large  doses  of 
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the  drug  in  which  case  there  appears  to  be  a  solvent  efifect,  though  shght  and 
practically  unimportant,  exerted  beyond  that  of  the  urine  itself.  It  is  not  ab- 
solutely certain  that  such  large  doses  of  hexamethylenamine  are  devoid  of  harm- 
ful effects.  Moreover,  by  means  of  alkaline  diuretics,  in  ordinary  therapeutic 
quantities,  just  as  efficient  urate  solvent  properties  are  imparted  to  urine.  The 
use  of  these  is  also  more  economical. 

Effect  of  Huxamfthylfxamixk  ox  Diuresis. 

Aside  from  statements  of  opinion  or  impression,  I  have  found  no  scientific 
observations  on  this  in  the  literature.  The  following  are  cited  for  whatever 
worth  they  may  possess. 

Increased  diuresis  following  the  administration  of  hexamethylenamine  is 
claimed  by  Nicolaier  (1895;  1904),  Lilienthal  (1900),  Flexner  (1895),  Impens 
(cit.  Nicolaier,  1904),  and  Seifert  and  :\Iullcr  (cit.  Nicolaier,  1904).  Nicolaier 
claims  that  1  Gm.  doses  were  diuretic.  In  order  to  obtain  efficient  diuresis 
Lilienthal  recommended  as  much  water  for  the  patient  as  could  be  taken  com- 
fortably. Seifert  and  Miiller  and  Impens  state  they  obtained  diuresis  with  hexa- 
methylenamine citrate  ("helmitol").  Nicolaier  denies  having  observed  an  in- 
crease in  diuresis  after  "helmitol,"  but  does  not  deny  the  probability  of  its  oc- 
curring in  some  individuals. 

Thompson  denies  the  diuretic  action  of  hexamethylenamine ;  also  Strauss 
and  Seibert   (cit.  Nicolaier,   1904)    for  "helmitol." 

It  is  evident  that  nothing  definite  can  be  concluded  from  the  sort  of  evi- 
dence available.  When  no  reference  is  made  to  fluid  intake,  no  conclusions  can 
be  drawn  from  the  urine  output.  The  most  that  can  be  said  is  that  the  opin- 
ions are  conflicting. 

Effect  ox  the  Reaction  of  Urixe. 

The  only  scientific  evidence  available  is  that  reported  by  Haskins  (1915) 
with  the  addition  of  hexamethylenamine  to  urine.  He  found  that  this  did  not 
alter  the  true  reaction  (hydrogen-ion  concentration)  of  the  urifie,  whether  acid 
or  alkaline.  After  administration  of  hexamethylenamine  Casper  observed  that 
the  reaction  (by  titration)  of  urine  remained  unchanged.  In  a  study  of  the 
efifect  of  different  organic  bases  related  to  hexamethylenamine  on  the  excretion 
of  uric  acid,  Haupt  (1895)  found  that  the  solvent  property  which  the  urine 
possesses  appears  to  be  dependent  on  the  alkalinity  present,  and  not  on  the  di- 
rect action  of  the  organic  base  excreted  into  it. 

On  the  other  hand,  Cumiston  (1898)  believes  hexamethylenamine  lessens 
acidity.  The  general  tendency  of  clinical  writers  has  been  to  claim  a  change 
from  alkalinity  (ammoniacal)  to  acidity  in  the  reaction.  Such  claims,  and  with- 
out ofifering  any  experimental  evidences  whatsoever,  are  made  by  Nicolaier 
(1897),  Flexner  (1895),  Greene  (1899),  Thompson  (1899),  and  Wilcox  (1898). 

Nicolaier  (1897),  for  instance,  makes  the  statement  that  urine,  after  the 
administration  of  1  to  1.5  Gm.  of  hexamethylenamine,  will  become  ammoniacal 
at  room  temperature,  but  remains  clear  and  retains  an  acid  reaction  if  incubated 
at  37°  C,  and  ammoniacal  fermentation  does  not  occur  even  if  in  a  few  days 
a  few  drops  of  an  ammoniacal  urine  are  added  to  it.     Nicolaier  also  states  that 
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hexamethylenamine,  in  doses  of  1.5  Gm.  per  day,  rendered  ammoniacal  urine 
acid  again  in  a  short  time.  These  statements  undoubtedly  have  helped  to  crys- 
tallize the  opinions  of  successive  writers  on  this  subject.  However,  it  cannot 
be  said  that  it  has  resulted  in  anything  but  the  perpetuation  of  faulty  evidence. 

An  example  of  this  is  suggested  in  the  statement  of  Thompson,  "It  ren- 
ders a  foul-smelling,  alkaline  urine  sweet  and  acid,  and  is  therefore  an  acidifier." 

In  some  cases  (Flexner,  1895;  Greene,  1899),  a  brief  statement  endorsing 
this  alleged  property  is  made. 

Nicolaier  (1904)  denies  to  "helmitol"  any  influence  on  the  reaction  of  the 
urine. 

Effe;ct  on  Calculi. 

Flexner  (1895)  and  Nicolaier  (1904)  state  that  calculi  are  dissolved  after 
administration  of  hexamethylenamine.  Wood  (1902)  states  that  hexamethyl- 
enamine is  less  active  than  piperazine  and  has  no  value  for  calculi.  The  same 
is  claimed  by  Casper  (1897),  who  made  some  observations  with  the  adminis- 
tration of  hexamethylenamine.  However,  these  statements  are  unsupported  by 
scientific  evidence.  Moreover,  they  are  contradictory,  and  from  other  evidence 
it  can  be  safely  stated  that  the  favorable  claims  reported  by  some  for  hexa- 
methylenamine as  a  calculi  solvent  are  unjustifiable. 

Summary. 

A  resume  of  the  chemistry  and  the  behavior  of  various  solvents  toward 
uric  acid  and  urates  is  given,  and  indicates  very  remote  possibilities  of  chances 
of  success  of  so-called  urate  solvents  under  conditions  of  the  body. 

Urate  or  uric  acid  solubility  is  a  matter  which  is  concerned  largely  with 
the  degree  of  reaction  (hydrogen-ion  concentration)  and  the  concentration  of 
fluids.  There  is  no  available  evidence  in  the  literature  to  show  that  hexamethyl- 
enamine can  influence  these  favorably. 

Recent  and  reliable  evidence  shows  definitely  that  hexamethylenamine  per 
se  in  small  quantities,  or  therapeutic  doses,  imparts  to  urine  no  demonstrable 
urate  solvent  qualities. 

Slight  and  practically  negligible  uric  acid  solvent  effects  are  imparted  to 
urine  by  excessive  doses  of  hexamethylenamine,  and  in  this,  the  efi^ects  of  the 
common   alkaline   diuretics   are  pharmacologically   and   economically   superior. 

There  is  no  evidence  that  hexamethylenamine  can  dissolve  urate  calculi. 

Regarding  the  efficiency  of  the  class  of  drugs  called  "urate  solvents,"  the 

statement  of  Frankel   (1906),  being  quite  to  the  point  and  appropriate,  may  be 

cited,  namely,  that  no  substance  has  yet  been  discovered  which  would  form  either 

soluble  or  easily  oxidizable  compounds  with  uric  acid  under  conditions  of  the 

body. 
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GONOCOCCUS  COMPLEMENT  FIXATION:    A  NEW  LIPOID  ANTIGEN* 


By  Cari,  C.  Warden,  M.D.,  Ann  Arbor,  Mich.,  and  Louis  E.  Schmidt,  M.D., 

Chicago,  III. 


IN  a  paper  before  the  Section  on  Genito-Urinary  Diseases  at  the  San  Fran- 
cisco meeting  of  the  American  Medical  Association,  one^  of  us  made  a  pre- 
Hminary  report  on  the  use  of  the  fats  of  the  gonococcus  as  antigen  in  gonococcus 
complement  fixation  tests,  in  which  the  superiority  of  an  alcoholic  solution  of 
these  fats  over  watery  extracts  was  shown.  This  observation  grew  out  of  a 
study-  of  the  biochemistry  of  the  gonococcus,  wherein  the  importance  of  the 
lipoid  constituents  became  apparent.  This  article  presents  in  detail  the  con- 
clusions summarized  in  the  preliminary  report. 

Antigens. 

In  all  the  tests  a  good  commercial  watery  antigen  (Parke,  Davis  and  Com- 
pany) was  used  parallel  with  the  Warden  antigen.  The  latter  was  prepared  in 
such  manner  that  each  1  c.c.  of  absolute  alcohol  contained  in  solution  0.001 
gram  of  gonococcus  fats  as  fatty  acids.  To  this  was  added  one-third  volume 
of  a  one  per  cent  alcoholic  solution  of  cholesterol.  Alcohol  and  ethereal  ex- 
tracts of  gonococcus  substance  are  of  no  value  as  antigen.  The  gonococcus  sub- 
stance from  which  the  fats  were  separated  was  obtained  from  cultures  of  twen- 
ty different  strains.  From  the  standpoint  of  immunity,  the  question  whether 
the  fatty  antigen  may  not  contain  a  proteid  portion,  or  "rest,"  of  the  gonococ- 
cus is  an  important  one,  as  well  as  that  whether  the  body  of  the  patient  may 
not  be  sufficiently  sensitized  to  the  protein  of  the  cocci  present  during  the  dis- 
ease, but  neither  need  concern  us  at  the  present  time. 

Trchnic  of  the;  Compi,e;me;nt  Fixation  Tests. 

We  have  used  the  sheep-rabbit-hemolytic  system  in  which  the  serum  was 
active  in  dilutions  of  1-10000,  with  fresh  guinea-pig  complement  and  thrice 
washed  sheep  cells.  The  titer  of  the  antigens  and  hemolytic  serum  was  made 
frequently  in  the  usual  manner.  The  commercial  antigen  was  used  in  the  maxi- 
mum quantity,  permitting  complete  hemolysis  in  a  given  time,  and  the  A\'ardon 
antigen  in  one-half  the  lowest  inhibiting  dose.  The  serums  and  other  materials 
were  measured  by  drops  from  standard  pipettes.  When  set  up,  the  tubes  con- 
tained, in  addition  to  the  antigens,  one  drop  (0.02  c.c.)  of  the  patient's  serum, 
one  drop  of  complement  and  sufficient  salt  solution  to  ccjual  1  c.c.  After  the 
first  incubation  of  one  hour  there  were  added  to  cacli  tube  ten  drops  (0.2  c.c.) 
of  a  five  per  cent  suspension  of  sheep  cells,  and  an  c(|nal  (juantity  of  diluted 
hemolytic  serum,  representing  two  units  of  hemolysin,  that  is,  twice  the  quan- 
tity sufficient  to  produce  complete  hemolysis  in  thirt\'  minutes.  The  tests  were 
invariably  controlled  l)y  known  positive  and  negative  sera,  and  separate  tubes 
for  each  ingredient.     Particular  caution   was  used  in  the  titraticMi  of  the  coni- 


*Fr<)tii  the  Hygienic  I.atjoratory  of  tlu-  I'ln'v  oisity  uf  MicliiKan,  ami  tlie   Clinical   Laboratory  of   L-    E. 
Schmidt,   Chicago. 

^Warden,    C.    C:      Vaccine  Treatinent    of   (ionorrhca,   Jour.    Am.    Mctl.    Assn.,    Dec.    11,    191.^. 
-Warden,   C.    C.  :      Studies   on   the   C.onococcus,   Jour,    infect.    Dis.,    May,    1916. 
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mercial  antigen  as  it  was  observed  that  individual  samples  varied  witli  time, 
and  that  different  lots  varied  widely  in  anticomplementary  power,  although 
bearing  the  same  unit  quantity  on  the  labels.  The  alcoholic  antigen  has  not 
varied  perceptibly   in   six   months. 

Results  oi^  the  Tests. 

The  subjoined  tables  show  the  outcome  of  423  tests  upcju  the  sera  of  367 
persons.  Complete  inhibition  of  hemolysis,  a  positive  reaction,  is  indicated  by 
the  sign  ++;  partial  hemolysis,  still  a  positive  reaction,  by  +.  Doubtful  reactions 
are  shown  by  ±.  We  have  regarded  them  as  positive  reactions  as  they  have 
been  not  uncommon  in  the  early  and  late  stages  of  gonorrhea,  and  have  not 
appeared  in  other  conditions. 

The  list  includes  tests  upon  the  sera  of  fifty  normal  individuals  of  all  ages. 
In  no  case  was  the  result  other  than  negative.  There  are  included  also  over 
one  hundred  cases  of  disease  other  than  gonorrhea,  in  which  a  certain  propor- 
tion of  positive  reactions  was  obtained,  and  in  which  evidence  of  gonorrhea 
could  not  be  eliminated,  a  fact  which  speaks  for  the  value  of  the  test.  Inasmuch 
as  the  Wassermann  reaction  depends  on  lipoidal  properties  of  the  antigen,  par- 
ticular attention  was  paid  to  luetic  sera,  but  without  detracting  from  the  spe- 
cificity of  the  gonococcus  antigen. 

The  divisions  made  of  the  material  in  the  tables  are  purely  arbitrary,  and 
have  been  made  merely  for  convenience  in  classification. 

The  presence  of  gonococcus  was  determined  where  possible  by  culture 
methods  and  by  characteristic  smears.^ 

The  abbreviations  P.  and  \\'.  refer  to  the  commercial  antigen  and  the  Wslv- 
den  antigen,  respectively. 

TABLE  I. 
Diseases  Other  Than  Gonorrhea. 

no.         name.  age.         history  of  gonorrhea.     disease.  date.       p.      w. 


1. 

F.  W.  L. 

39  yrs. 

Gc.    1906,   Clin 

cure. 

Colon  infect, 
of  kidney. 

2. 

J.  R.  S. 

30  yrs. 

Syphilis. 
Wass.  + 

3. 

T.  L. 

28  yrs. 

H 

4. 

E.  N. 

50  vrs. 

" 

5. 

A.  B.  H. 

No.  31, 
20  vrs. 

it 

6. 

A.  H. 
(Mrs.) 

? 

Psv^.i-iasis 

7. 

S.   S.  F. 

? 

Gc.  1903-1912. 
Clin.  cure. 

Syphilis. 
Wass.  + 

8. 

D.  F.  M. 

34  yrs. 

Doubtful.    No 
Gc. 

recent 

Rupture  of 
urethra,  1895. 

9. 

B. 

33  yrs. 

Indefinite  smears, 

Syphilis   (Wass. 

+)   5/18/15 

1913. 

B. 

33  yrs. 

n 

it 

<c                      « 

5/24/15 

10. 

H.  H. 

39  yrs. 

(1 

+ 


H 


^The  writers  do  nqt  regard  the  Gram  stain  essential.  Reliance  is  placed  more  upon  the  appearance 
of  uniformly  prepared  smears  stained  with  LoefTler's  Islue,  in  which  the  size,  morphology  and  intracellular 
grouping  constitute  the  characteristic  picture. 
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Diseases  Other  Thax  Gonorrhea.     (Continued.) 


NO. 

NAME. 

age. 

HISTORY  OP  GONORRHEA. 

DISEASE. 

DATE. 

p.      w. 

11. 

J.     B. 

28 

yrs. 

Pityriasis. 

_ 

12. 

M.  R.  H. 

1.  F 

"emale 

Anemia. 

- 

13. 

AI.  R.  H. 

2. 

it 

Gastritis. 

- 

14. 

M.  R.  H. 

3. 

It 

Colitis. 

- 

15. 

F. 

Syphilis-cystitis. 

- 

16. 

G.   P. 

27 

yrs. 

Hypospadias-cystitis. 

- 

17. 

S.  Mrs. 

22 

yrs. 

Suspected — 

husband 

infected? 

18. 

S.  baby  (daughter). 

- 

19. 

H. 

30 

yrs. 

Syphilis. 

- 

20. 

G.   Mrs. 

26 

yrs. 

(I 

_. 

21. 

P.   S. 

45 

yrs. 

Old  G.  C.  hist. 
Stricture. 

Tbc.  bladder. 
(Wass.  +) 

_        J 

22. 

E.   B.   X. 

30 

yrs. 

Old  G.  C.  hist. 
Clin.  cure.      ? 

S3-philis.     Gc. 
found  later. 

-       -H 

21. 

J.  M 

26 

yrs. 

Syphilis. 

- 

24. 

M.  M. 

ti 

- 

25. 

P.  Dr. 

38 

yrs. 

Exposure.     No 
discharge. 

Gonophobia. 

— 

26. 

B.    Miss. 

2  abortions. 
Smears.- 

Leucorrhea. 

— 

27. 

S.  G. 

27 

yrs. 

Smears.- 

Prostatitis. 

— 

28. 

S.  Mrs. 

'? 

Syphilis. 

- 

29. 

S.  C.  Mrs. 

Smears.- 

Leucorrhea ;  vesical 

- 

pain. 

30. 

F.  M. 

22 

yrs. 

Varicocele. 

- 

31. 

S.  D. 

Syphilis. 

- 

32. 

R. 

45 

yrs. 

1912  et  seq. 

Psoriasis. 

-8/4. 

—       +- 

33. 

B.  A.  B.  H. 

? 

Chancroid-Bubo. 

-^/4. 

- 

34. 

R.  H.  L. 

40 

yrs. 

? 

Gout. 

a 

— 

35. 

J.  K.  ^ 

Xone. 

Epithelioma. 



- 

36. 

Case  5. 
Male. 

30 

yrs. 

(( 

Asthma. 

■  — 

37. 

S.  Mrs. 

30 

yrs. 

Syphilis.     Wass. 

+ 

- 

38. 

S.    child. 

5 

yrs. 

"     inherited- 

- 

- 

39. 

S.  babv. 

W 

'ass.+ 

— 

40. 

B.  Mrs. 

? 

General  Exam. 

- 

41. 

W. 

45 

yrs. 

Alcoholism. 

— 

42. 

Ct.  G. 

it 

38 

yrs. 

1st  20  yrs.  ago. 
Various  attacks. 

Wass.  + 

Syphilis,  pain  in 
spine. 
Syphilis. 

6/12/15 
7/27 

- 

43. 

P.    M. 

46 

yrs. 

(k 

- 

44. 

D.  Dr. 

44 

yrs. 

Old  history,  no 

"       (Wass.±) 

-       +- 

discharge. 

45. 

S.  S. 

38 

yrs. 

t( 

- 

46. 

H.  R. 
« 

42 

yrs. 

Denied.      Smears.- 

Stricture  from 
injury. 

6/12. 
7/29 
6/18 

47. 

H.  S. 
It 

50 

yrs. 

Syphilis,  joint  pains, 
7/12 



48. 

C.  E.  M. 

45 

yrs. 

it                ti                It 

it 

- 

49. 

E.  A.  E. 

? 

" 

- 

50. 

R. 

? 

Only  Gc.   1901. 
Clin.  cure. 

It 

— 
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Diseases  Otiiku  Than  Gonorrhea.     (Continued.) 


NO. 


NAME. 


AGE.  HISTORY  Of  GONORRHEA.  DISEASE. 


DATE. 


W. 


51. 

S.  Mrs. 

? 

52. 

T.  Dr.  T.  S. 

45  yrs. 

53. 

R.  Mrs. 

? 

54. 

R.  G.  L. 

29  yrs. 

55. 

J.  K.  G. 

34  yrs. 

56. 

N.  H.  W. 

40  yrs. 

57. 

M.  M. 

34  yrs. 

58. 

A.  5. 

40  yrs. 

59. 

E.  J.  B. 

38  yrs. 

60. 

V.  V. 

35  yrs. 

61. 

M.M. 

62. 

D.  M.  R.  H. 

63. 

B.   " 

64. 

L.  L. 

32  yrs. 

65. 

C.  A.  M. 

66. 

A.  C.  N. 

27  yrs. 

67. 

E.  S. 

27  yrs. 

68. 

F.  Dr. 

40  yrs. 

69. 

H.  Mrs. 

70. 

C.  M. 

2)7  yrs. 

71. 

C.  S.  T. 

42  yrs. 

72. 

E.  B. 

34  yrs. 

7i. 

T.  H. 

74. 

J.  S. 

61  yrs. 

75. 
76. 
77. 
78. 
79. 
80. 
81. 


G.  R. 
E.  M. 
L.  Miss 
B.  H. 
A.  E. 
P. 
H.  L. 


82.    H.  K. 


83. 

84. 


W.  Mrs. 
A.  G. 


85.    L.  K. 


86. 
87. 


90. 

91. 
92. 


22  yrs. 

30  yrs. 

29  yrs. 

? 

36  yrs. 
25  yrs. 


G.  B. 
J.  H. 

Hosp.  case. 
A.  F. 
R.  Z. 

H.  M.  S. 
J.  C.  C. 


30  yrs. 

28  yrs. 
24  yrs. 

58  yrs. 
40  yrs. 


93.    Mrs.  AI. 


Denied.     Chr.  Disch. 


Syphilis  ? 

it 

Came   for  Wass.- 

Syphilis. 

Syphilis. 


Denied.     Chr.  Disch.         Strictures. 

No.  Gc.  ever  seen. 

1901,  1903,  1906.  Syphilis. 

stricture,    clin.    cure. 

1900,  1906.    Lues,  1906.    Tabes. 

Came  for  Wass.- 
Syphilis. 


3  or  4  ailacks, 
last  1912.     Clin, 
cure. 

Denied. 


Tbc.  kidney. 
Syphilis. 


SypliiHs.     Wass.+ 


Congenital 
Only  1902.     Clin.  cure.     Hydrocele 


Denied. 


1898,    1909.      Clin. 

cure. 

Denied.     Intermit. 

Disch. 

<<         ii         II 

Only   1914.     Clin. 

cure. 

Only  1912.     Clin. 

cure. 


Doubtful,  supposed 
No.  Gc.  history. 


Came    for   Wass.- 
Papilloma  of  cheek, 
probably  on  luetic  base. 
Wass.+  7/19 

7/30 
Syphilis. 
Varicocele. 
Tumor  of  breast. 
Syphilis. 

Came   for  exam. 
Impotence. 

Stricture. 

Syphilis   (Wass.-). 


47  yrs.        Gc.   1895. 

?  No.    Gc.   history. 


Tumor   of   Bladder. 
Came   for  examination. 

Bladder  operation. 

Post-urethritis. 

Smears-;   bladder 

tumor. 

Fear   after   exposure. 

Smears.- 


-       4+ 


5/25 
5/28 

5/10 


+        + 
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Diseases  Other  Than  Gonorrhea.     (Continued.) 


NO. 

NAME. 

AGE. 

HISTORY  OE  GONORRHEA. 

DISEASE. 

DATE.        P.        W. 

94. 

R.    C. 

No.  Gc. 

hi: 

>torj-. 

Alcoholism. 

- 

95. 

Dr.  M. 

(1 

Came   for   examination 
Lues. 

96. 

M.  R.  H. 

It 

a 

- 

97. 

C.  Mrs. 

30 

vrs. 

it 

Acne  rosaceae. 

— 

98. 

A.   D. 

Obscure. 

Rheumatism. 

4/22    ++      -H 

99. 

A.  D. 

30 

yrs. 

Clear  urine, 
shreds.- 

7/26 

100. 

\V.  H.  R. 

43 

yrs. 

1890  (lu 

es, 

1895) 

Bright's    disease. 

- 

101. 

T.  W.  F. 

41 

yrs. 

No.  Gc. 

hi 

story. 

Syphilis. 

— 

102. 

Dr.  T. 

40 

vrs. 

Uncertain. 

Came  for  exam,  and 

— 

Wass. 

103. 

\\  L.  W. 

43 

yrs. 

? 

Syphilis. 

-  8/5    - 

104. 

R.  B. 

46 

yrs. 

? 

Hernia. 

-  8/5    -        - 

105. 

S. 

41 

vrs. 

? 

Burn. 

—    "      — 

106. 

J.  F. 

? 

Syphilis. 

-    "      - 

107. 

W.  J. 

? 

« 

-    "      — 

108. 

P.  D. 

Z3 

yrs. 

? 

tt 

-    "      - 

109. 

T.  K. 

40 

yrs. 

? 

Impotence. 

—    "      — 

110. 

W.  H.  R. 

42 

yrs. 

? 

Dyspepsia 

—    "      — 

A  review  of  Table  I  shows  that  the  commercial  antigen  gave  positive  reac- 
tions in  5.4  per  cent  of  unsuspected  cases,  and  the  W.  antigen  in  13.6  per  cent. 
A  majority  of  these  positive  cases  gave  histories  of  gonorrhea,  and  in  the  others 
it  was  impossible  wholly  to  exclude  a  past  infection.  An  illustration  is  found 
in  Case  42.  A  barber  denied  gonorrhea  a,t  the  time  the  test  was  made  and  later 
admitted  various  attacks,  stating  that  his  present  condition  gave  him  no  trouble. 
Six  weeks  later  the  gonococcus  test  had  become  negative. 

There  is  no  relation  between  the  gonococcic  and  the  syphilitic  antigens.  In 
the  table  are  57  cases  of  syphilis.  A  majority  gave  positive  Wassermann  reac- 
tions, and  negative  gonococcus  reactions.  In  7  cases  the  A\'.  antigen  gave  posi- 
tive reactions,  the  P.,  4.  In  these  the  Wassermann  reaction  was  positive  in  4, 
doubtful  in  2,  and  negative  in  1. 

TABLE  rr. 

Acute  Gonorrhea. 
(To  the  Fifth  Week.) 


NO. 


NAME. 


AGE. 


history  oe  go.xorrhka. 


GC    PRESEXT. 


DATE. 


P.         W. 


1. 

J.  L.  P. 

40 

1895,  April,  1915. 

2. 

W.  P.  G. 

30 

1910,  5/15/15. 

3. 

M.  C.  C. 

36 

1900,  1909.    5/7/15. 

4. 

H.  B. 

23 
II 

1914.     5/7/15. 

5. 

A.  M. 

ii 

19 

4/10/15. 

6. 

H.   B.  S. 

30 

4/16/15.     No  Gc. 
after  4/19. 

7. 

M.  W. 

32 

1908,  1913.     4/15/15 

+ 

5/29/15 

-1- 

-H- 

+ 

5/28 

- 

- 

+ 

5/12 

- 

++ 

+ 

5/7 

- 

- 

+ 

5/13 

+ 

■H- 

+ 

5/10 

+ 

■H- 

- 

7/20 

+ 

-H- 

- 

5/1 

- 

+ 

+ 

4/26 

_ 

++ 

+ 

5/11 

- 

++ 

- 

6/2 

± 

^ 
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Acute  Gonokrhea.    (ContiiuR-d.) 
(To  the  Fifth  Week.) 


NO. 


NAME. 


8. 

Van  D. 

9. 

J.  R. 

10. 

P.  B. 

11. 

S.  A.  H. 

12. 

St.   C. 

13. 

L.  K. 

14. 

J.  L. 

15. 

A.  F. 

16. 

Case  2. 

17. 

H.  V.  D 

AGE. 


18.  S.  G.  C. 

it 
a 

19.  L.  C. 

20.  T.    T.   B. 


21.  A.  C. 

22.  H  ? 

it 

23.  R.  D. 

24.  H.  A. 

25.  A.  G. 
25.  H.  B. 

27.  G.  C. 

28.  A.   C. 

29  C.   B. 

30.  T.  L.  D. 

31.  "m. 

32.  A.  B.  H.  E.  P 
2>2>.  "  9. 

34.  "  10. 

35.  Sku. 

36.  A.  B.  H. 


20 
69 

18 
27 
22 
20 
20 
21 

24 


35 


28 


40 
25 
40 

45 

25 
28 

34 
22 


27 
23 


HISTORY   OF   GONORRHEA. 


4/10/15.     Marked  cystitis. 

4/15/15.      Marked  edema. 

1914.     4/28/15. 

1913.     5/5/15. 

3   weeks'   duration. 


2 
3 

4 


1909  (kies.  1912) 
5/4/15. 


35    1901,  1903,  1910.  6/5/15. 


1906,  1909,  1911,  1914, 
2  weeks'  duration. 
1910,  1914.  6/9/15. 


1911,  1912.  7/9/15. 
1910.  7/15/15. 


7/20/15.  (Lues.  4  yrs.) 
1911.  4/26/15. 
5/3/15.  Vaccine. 
?  1908.  7/25/15.  Disch. 

Rheumatism, 
1913,  1914,  1915.  7/22/15.  Disch. 
1908,  1909,  1910.  1914.  7/25/15. 
Disch.  vaccine. 
1913,  1914.  to  5/11/15;  7/30/15. 
Disch.  vaccine. 
8/1/15. 
1911.  7/25/15. 

?  Epidid. 


GC.  PRESENT. 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

? 

+ 
+ 
■> 

-h 


+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 


Three  weeks. 
1912,  1913.  8/9/15. 

Two  weeks. 


Disch. 
Vaccine. 
Epidid. 
Verv    acute. 


UATE. 

4/26 
4/21 
4/28 
5/8 


5/10 

6/4 
6/8 
6/20 
7/23 


6/15 
7/15 
7/19 
7/16 
7/17 
7/26 

it 

4/26 

5/5 

7/27 

8/13 

8/13 

7/27 

7/30 

8/5 
8/5 
8/6 


8/10 
8/13 


p.   w. 

+4-   -H- 
-   -H- 

+    ++ 

+ 


+        ++ 
+    ++ 


++ 


The  sera  of  the  acute  cases  reacted  with  the  commercial  antigen  14  times, 
or  40  per  cent.  Of  this  number,  only  2  cases  were  -^.  The  earliest  reaction 
appeared  on  the  fourth  day,  and  three  cases  reacted  within  the  first  week.  These 
figures  show  a  higher  percentage  of  positive  reactions  usually  obtained  with 
watery  antigens  within  the  first  month  of  the  disease.  The  W.  antigen  gave 
positive  reactions  in  26  cases,  or  72  per  cent.  Of  these,  18  were  -f-r.  Three  oc- 
curred on  the  second  day  of  the  infection,  and  8  within  the  first  week. 

Early  reactions  did  not  appear  to  have  any  relation  to  previous  attacks  of 
gonorrhea,  as  they  occurred  in  primary  infections,  and  were  delayed  in  some 
cases  that  acknowledged  many  previous  attacks.     \\'e  have  the  impression  that 
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those  cases  showing  the  greatest  amounts  of  local  reaction  to  the  infection  give 
the  earliest  positive  reactions.  The  test  was  repeated  in  some  cases  after  the 
expiration  of  the  fourth  week,  but  the  results  are  included  in  this  table. 

TABLE  III. 

Subacute  Cases  of  Gonorrhea. 


NO. 

NAME. 

AGE. 

HISTORY  OF  GONORRHEA. 

GC.  PRESENT. 

DATE. 

p. 

W. 

1. 

Dr.  0.,  1. 

26 

6  weeks'  duration. 
Epididjmitis 

+ 

- 

+ 

2. 

2. 

28 

5  weeks'  duration. 
Epididymitis. 

f 

3. 

A.  B.  H.  4. 

Doubtful.     Epididymitis. 

- 

— 

- 

4. 

M.  E.  C. 

20 

2/1/15. 

+ 

5/22 

- 

+ 

5. 

Dal. 

21 

1913.     2/1/15. 

+ 

5/12 

- 

- 

6. 

Temp. 

20 

1914.    2/1/15. 

+ 

5/8 

- 

■H- 

7. 

H.  H.  H. 

22 

3/15/15?     Rheum., 
five  days  later.     Eye? 
Xo  disch. 

4/24 

(( 

— 

5/5 

- 

- 

a 

- 

5/14 

- 

- 

8. 

C.  H.  McC. 

25 

3/4/15. 

- 

5/5 

- 

+ 

9. 

A.  L.  M. 

21 

1913.     3/4/15.     No.  Gc. 
after  3/29. 

- 

4/3 

~~ 

" 

10. 

F.   S.   M. 

30 

2/20/15.     Double  epidid.       - 

- 

4/29 

- 

- 

~ 

5/6 

- 

- 

11. 

A.  J.  F. 

28 

3/5/15.     Lame   heel. 

- 

2/29 

- 

++ 

12. 

B.  L. 

21 

7  weeks'  duration. 

+ 

.    6/12 

+ 

++ 

i( 

? 

7/19 

+ 

+ 

13. 

Dr.  P. 

30 

1914.     6/7/15. 

f 

7/24 

-H- 

++ 

14. 

F.  A.  E. 

26 

6/1/15. 

+ 

7/15 

H- 

f+ 

15. 

K.  H. 

23 

1910,  1912.    3/1/15. 

f 

it 

+ 

+ 

16. 

A.  P. 

25 

1911.     5/10  prost. 

+ 

7/24 

- 

+ 

17. 

Miss  C. 

20 

?     Bartholinitis,  cervicitis. 

+ 

- 

+ 

18. 

A.    B. 

26 

5/15/15.     Disch. 

f 

5/7 

- 

- 

19. 

Case  B. 

4/1/15.       CHn.    cure. 

- 

7/27 

- 

- 

20. 

G.  C.  R. 

6/18/15.     Disch,   slight. 

- 

8/6 

- 

- 

Of  the  20  cases  tested  in  the  subacute  stage,  4  responded  positively  to  the 
commercial  antigen,  11  to  the  fatty  antigen,  or  23  per  cent  and  04  per  cent  re- 
spectively. We  observed  in  the  cases  noted  in  this  and  the  following  tables  a 
considerable  variability  in  the  occurrence  of  positive  reactions,  a  point  of  im- 
portance in  connection  with  the  low  percentage.  It  has  been  observed  by  oth- 
ers,^ and  repeatedly  noted  in  our  own  work,  that  alternating  positive  and  nega- 
tive reactions  occur  during  the  progress  of  an  attack  of  gonorrhea,  which  ap- 
pear to  indicate  phases  of  the  infection.  The  precise  significance  of  the  fluctua- 
tions is  not  understood,  but  they  appear  to  occur  oftenest  (hiring  the  period  des- 
ignated as  subacute.  It  is,  therefore,  not  infrequent  that  a  considerable  series 
of  cases  will  give  negative  reactions  at  one  lime,  and  pt^sitive  reactions  at  an- 
other. It  has  seemed  to  us  that  the  negative  reactions  were  associated  witli 
lessened  or  absent  discharge,  and  disappearance  of  gonococci. 

Case  7  illustrates  the  value  of  repeatedly  negati\e  reactiinis.  Early  in  the 
illness  a  slight  discharge  was  noted.   Imt   no  gonococci   were  ever   fouml.     The 
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case  was  pronounced  to  be  gonorrheal  rheumatism  and  iritis,  but  the  serum  re 
actions   cast   doubt   on   the   diagnosis.      The   patient   recovered   promptly    under 
salicylates. 

TABLE  IV. 
Chronic  Gonorrhea. 

(Four  Months  to  One  Year.) 


:\o. 

NAME. 

AGE. 

HISTORY  OF  GONORRHEA.      CONDITION. 

GC.      PRESENT. 

DATE. 

p. 

w. 

1. 

D.  A. 

25 

12/1/14. 

Stricture. 

- 

5/28 

+ 

+ 

2. 

K.  H. 

23 

1910,  1912. 

Ac.  prostatitis. 

+ 

5/26 

- 

- 

it 

3/1/15. 

+ 

7/19 

+ 

+ 

3. 

E.  H.  S. 

2>7 

1900.     12/26/14. 

Discharge. 

— 

5/25 

- 

- 

4. 

A.  B.  H. 

6.          ? 

Indefinite. 

Smear. 

? 

a 

- 

- 

5. 

J.  K. 

? 

8  months. 

Strict. 

— 

5/7 

- 

- 

6. 

L.   A.   N. 

34 

12/14/14. 

Disch. 

+ 

5/12 

- 

- 

7. 

A.  G.  S. 

23 

Oct.,  1914. 
Recur.,  2/1/15. 

Stricture. 

+ 

5/12 

^ 

+ 

8. 

A.  K.  F. 

40 

Dec,  1914. 

Disch.    (Lues) 

+ 

5/6 

- 

:+: 

9. 

J.  R. 

? 

1/25/15. 

ii                       a 

+ 

5/6 

+ 

-H- 

10. 

J.  B. 

? 

Indefinite. 

Prostate  abscess.       Rectal 

4/29 

- 

- 

ulcer. 

11. 

A.  T. 

21 

6/1/1914.      Recur., 
Dec,  1914. 

Stricture. 

" 

5/8 

— 

++ 

12. 

Case  1. 

? 

4  months. 

Disch. 

+ 

3/1 

- 

•H- 

13. 

Case  3. 

4  months.  - 

U 

? 

(( 

- 

++ 

14. 

J.   B.    R. 

22 

Only  10/1/14. 

"     A.    M. 

+ 

6/4 

~ 

- 

<( 

tf 

- 

6/4 

- 

+ 

« 

U 

- 

7/19 

- 

+ 

« 

u 

- 

7/26 

- 

- 

15. 

L.  A.  P. 

25 

4  previous  attacks, 

2/1/15. 

"     A.    M. 

" 

6/5 

""" 

+ 

16. 

H.,  Miss. 

it 

? 

Indefinite. 

Cystoscopy. 

Ureteral 
Catheters. 

6/5 
7/31 

+ 

-H- 

17. 

X.  M. 

30 

5   months   healed 
epidid.     Xo  disch. 

" 

7/29 

" 

" 

18. 

L.  V. 

28 

Only  7/1/14.     No 
discharge  since 

4/1/15. 

7/1 

19. 

A.  U. 

25 

Months. 

Threads    only. 

- 

7/1 

- 

— 

20. 

0. 

30 

Indefinite, 
chronic. 

Disch. 

+ 

6/5 

4-H 

21. 

A.  B.  H. 

423-7. 

(C         «« 

No  disch. 

— 

(( 

- 

- 

22. 

R.  0. 

30 

'■     Gc.  found 
once. 

«         >( 

" 

5/13 

23. 

A.  W. 

? 

Two  months. 

Disch. 

+ 

5/13 

++ 

++ 

24. 

G. 

<( 

"     chronic. 

No  disch. 

- 

4/26 

— 

- 

25. 

\V. 

(( 

>i         li 

ti         tt 

- 

ti 

- 

— 

26. 

A.  M. 

« 

Five  months,  chronic.  Disch. 

- 

7/26 

— 

— 

27. 

C.  H. 

<( 

Six 

"     A.  M. 

- 

it 

— 

— 

28. 

0. 

31 

11/1/14.    Rheum., 
12/14. 

No  disch. 

" 

n 

29. 

W. 

30 

Doubtful. 

(1         11 
Threads. 

" 

it 

30. 

McN. 

Disch. 

+ 

tt 

- 

+ 

31. 

L.  C.  A. 

26 

1912.    1/1/15. 

Strict.   A.   M. 
disch. 

" 

8/12 

~ 

Gonococcus  Complement  Fixation:    A  Neiv  Lipoid  Antigen 


341 


NO.       NAME. 


Chronic  Gonorrhea     (Continued.) 
(Four  Months  to  One  Year.) 

AGE.     HISTORY  OF  GONORRHEA.      CONDITION. 


GC.  PRESENT.      DATE. 


P. 


W. 


32. 

E.  W.  L. 

24     1910.     3/1/15. 

Epidid.  Clin.  cure. 
Furnucle. 

8/9 

-       -H- 

iZ. 

Shel. 

"      1914.      et   seq. 

A.  M.  disch. 

(( 

- 

34. 

Kr. 

30     Months. 

u                                 

8/13 

-          -1- 

35. 

Hil. 

1/1/14  et  seq.     • 

<i                         _ 

<( 

+ 

Thirty-five  cases  examined  within  the  time  limits  of  the  table,  but  only  11 
of  which  showed  definite  presence  of  gonococci,  gave  positive  reactions  with  the 
commercial  antigen  in  6  or  17  per  cent,  and  with  the  \\'.  antigen  in  17  or  48 
per  cent.  It  will  be  apparent  that  if  the  cases  in  this  division  had  been  limited 
to  such  as  showed  signs  of  remaining  infection,  in  other  words,  omitting  those 
free  from  discharge  or  other  symptoms,  the  percentage  of  positive  reactions 
would  have  been  much  higher.  Number  14  w^ell  illustrates  a  periodical  fluctua- 
tion in  the  course  of  a  chronic  case. 


TABLE  V. 
Long-Standing  and  Repeated  Attacks  oe  Gonorrhea. 


NO. 

NAME. 

AGE. 

history. 

CONDITION.                     GC 

present. 

DATE. 

p. 

\v. 

1. 

Dr.    J. 

44 

Only  23  yrs. 

Sac.  Iliac  pain. 

5/15 

-H- 

+-! 

ago. 

Disch.   slight. 

2. 

E.  0. 

28 

1909,  1912, 
1913,   1914,   1915. 

Chronic   epid. 
No  disch. 

"™ 

n 

— 

~ 

it 

After  exercise,  disch. 

- 

7/12 

+ 

-U 

3. 

M.    A. 

40 

1902,   1914. 
Rheum. 

Well. 

5/15 

— 

~ 

4. 

A.  B.  H. 

7 

Indefinite. 

4th  epididy. 

- 

5/25 

- 

4- 

"     (Gitas) 

+ 

+ 

+■»- 

5. 

(( 

8 

Old  and  indef- 
inite-luetic. 

No  disch. 

? 

5/24 

— 

6. 

J.  s. 

a       i(       << 

Disch. 

? 

5/24 

-f 

■i- 

7. 

B. 

1913. 

Chr.  post. 

- 

7/27 

- 

- 

8. 

M.  A.  R. 

C. 

Old   and   indef- 
inite-luetic. 

Disch. 

? 

(< 

-H- 

— 

9. 

D.  R. 

i(           U           it 

« 

? 

« 

++ 

+f 

10. 

J.  J.  L. 

49 

Continuous   for 
20  yrs. 

(1 

+ 

4/15 

— 

++ 

M 

After   vaccine, 

No.  disch. 

- 

5/13 

- 

- 

(C 

>i            <i 

f(         tt 

- 

5/20 

- 

- 

11. 

B.  T.  H. 

51 

4th  attack  in 
14  vrs. 

Strict. 
Disch. 

? 

5/25 

++ 

4+ 

12. 

H.  A.  L. 

29 

1913,  1914. 

4/21/15. 

Disch.,  A.  AI. 

J- 

5/20 

— 

4+ 

13. 

H.  B.  L. 

36 

1905,  1912, 
1915. 

« 

■^ 

5/20 

— 

4-4- 

14. 

J.  c 

? 

1905,  1906. 

Disch.,  A.  M. 

- 

5/10 

- 

4- 

15. 

P.    H. 

? 

1903,  1909, 
1914. 

<t        (1 

— 

5/14 

— 

4- 

16. 

J.  G.  0. 

? 

1900  only. 

(Lues)    Disch.   A.    M 

- 

II 

— 

4- 

17. 

L.  K. 

32 

Onlv  1905. 

<i           11 

- 

II 

- 

-r 

18. 

G.  D. 

43 

1909. 

Strict.    Disch. 

- 

4/1 

- 

— 

Epid. 
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NO. 

name. 

age. 

HISTORY. 

CONDITION.                     CC. 

PRESENT. 

DATE. 
5/12 

p. 

w. 

19. 

T.  R. 

'    65 

1870. 

Strict.,   1885, 

+ 

Disci. .  .\.  M. 

Cloudy   urine. 

20. 

W.   J.    S. 

45 

1895. 

1904.     Recur- 
rences. 

Disch. 

4/22 

-H- 

-H- 

ii 

"       epididy. 

5/10 

- 

-H- 

it 

No   discli. 

- 

7/15 

- 

- 

ti 

- 

8/10 

+ 

+ 

21. 

J.  c. 

31 

3  attacks. 

Strict,    pros- 
tatic.   Disch. 

p 

5/8 

— 

+ 

22. 

H.  3. 

28 

1903,   1909. 

it          it 

- 

.5/7 

— 

- 

23. 

A.   L. 

23 

1911   intermit- 
tent. 

"      Disch. 

— 

5/6 

— 

+ 

24. 

A.  T. 

39 

4  attacks  in 
8  years. 

ti 

— 

5/6 

— 

— 

25. 

F.   P.  W. 

44 

6  to  8  attacks. 

Strict,   multiple. 
Disch. 

— 

5/6 

+ 

++ 

26. 

H.  C. 

32 

1903.  1911. 

Infiltrated 
urethra.    Disch. 

— 

it 

+ 

+ 

27. 

H.  I.  A. 

? 

Old  history. 

No  signs. 

ti 

— 

- 

28. 

H.  D. 

44 

1892,   1897. 
Smeared   4/3/15. 

After  vaccine. 

— 

5/5 

— 

- 

29. 

F.  P. 

30 

1911,  1913,  1915. 

Strict. 

- 

(( 

— 

— 

it 

ii 

- 

5/20 

- 

- 

30. 

P.   K. 

40 

1904,   1909,  1914. 

Strict.   1914, 
No  signs. 

— 

5/5 

— 

-" 

31. 

J.  L. 

44 

Intermittent 
for  24  yrs. 

Disch. 

— 

5/25 

+ 

•H- 

tk 

a 

- 

5/20 

++ 

-H- 

32. 

A.  P. 

30 

2/1/13. 

No  signs,  vague  pains. 

- 

4/21 

- 

- 

22>. 

C.  L. 

30 

Rheum.    2^4    yrs. 
ago. 

Constant  disch. 

P 

4/21 

+ 

++ 

(( 

a                 te 

? 

it 

- 

4+ 

34. 

F.  A. 

40 

1901.     Long  use 
of  sounds. 

No    disch. 

— 

tt 

— 

— 

35. 

A.  D. 

35 

1902,  1903,  1914. 

Disch. 

+ 

4/28 

- 

- 

a 

No   disch.,    urine 
clear. 

— 

6/8 

— 

— 

ti 

After  epidid.  clin. 
cure. 

— 

8/4 

^ 

-H- 

36. 

H.  C.  C. 

33 

3  attacks  to 
1913. 

Iritis,  2/26/14. 
Strict.,   12/31/14.    (P 
No  Gc.  ever  found. 

+  ). 

4/26 

• 

37. 

C.  W. 

24 

1908,   1914, 

2/12/15. 

Constant  disch., 
prostatitis. 

+ 

4/26 

— 

-H- 

38. 

G.  K. 

? 

Old  hisiory 
strict. 

No  signs. 
Wishes   to   marry. 

— 

(i 

"~ 

*~ 

39. 

A.  H. 

25 

1911 

it 

- 

it 

- 

40. 

0.  A.  P. 

30 

1907,   1912. 
(Lues,  1910) 

Prostatitis.      Disch. 

p 

>     n 

+ 

+ 

II 

, 

- 

7/12 

- 

- 

41. 

z.  c. 

40 

1901,  1905. 

Intermit,  disch. 

- 

5/10 

- 

- 

42. 

Case  4. 

p 

4  years'  duration. 

((                 a 

.  + 

3/1 

++ 

-H- 

43. 

"    6. 

? 

Long  recurring. 

it                 If 

+ 

it 

+ 

+ 

44. 

J.  D.  H. 

28 

1906   (psoriasis, 
1911). 

Disch.   10  days, 

prostatitis. 

P 

6/3 

~" 

++ 

Gonococcus  Complement  Fixation:     A  Xci^'  Lipoid  Antigen 
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Long-Standing  and  Repeated  Attacks  of  Gonorrhea.     (Continued.) 


NO. 

NAME. 

AGE. 

HISTORY. 

CONDITION.                     GC.    PRESENT. 

DATE. 

p. 

w. 

45. 

A.  R.  F. 

43 

Only    1901. 

Disch.  A.  M.    Pain 
in  back. 

- 

6/4 

- 

+-(- 

46. 

A.    H. 

34 

Only   1901. 

Disch.  A.  M. 
Wishes  to  marry. 

6/4 
7/29 

+ 

47. 

A.    S. 

27 

Only  1912. 
(Lues,  1908) 

Marriage  ?     No 
disch.     Specks. 
Pain    in    shoulder. 

6/8 

++ 

48. 

J.   S. 

44 

1896,   1902. 

Scrotal   dermatitis. 

- 

6/4 

- 

— 

49. 

D.  M.   S. 

30 

Only  1911. 

No   signs.     Wants 
children. 

— 

(( 

— 

— 

50. 

B.  H.   N. 

32 

1912,  1914. 

Intermit,    disch. 
present. 

— 

6/9 

- 

+ 

No  disch. 

— 

7/15 

— 

_ 

51. 

1.    T.   A. 

39 

1901,  1903,  1906. 

Clinical   cure. 

_ 

6/9 

_ 



52. 

F.  H.  S. 

30 

1911.    Seborrhea. 

Wishes  to  marry. 
No  signs. 

- 

6/12 

- 

- 

S3. 

L.  M.   B. 

59 

Many  attacks, 
25  years  ago. 

Glycosuria. 
Prost.  Disch. 

— 

« 

- 

4+ 

54. 

I.    L. 

50 

1895.     Many 
attacks  (lues). 

Disch. 

- 

6/15 

++ 

+f 

<< 

"     ? 

- 

7/21 

— 

— 

55. 

£.   W. 

56 

Denies  Gc.     Has 
urethritis 

Prostatitis. 
Discharge. 

— 

6/12 

— 

— 

K 

No  disch. 

- 

7/19 

— 

— 

56. 

A.   W". 

38 

4  or  5  attacks, 
last   1910. 

Disch. 

— 

6/16 

++ 

-H- 

il 

- 

7/19 

- 

- 

57. 

G.  F.  D. 

33 

1903. 

No   signs 
sterile.  ? 

"■ 

6/16 

— 

— 

58. 

Mrs.   Z. 

? 

Gc.  and  lues, 
1912. 

No  signs, 
sterile,    ? 

~* 

6/16 

— 

— 

59. 

H.  F. 

26 

Test  +  1912 
lues. 

Joint  pains. 
No  discharge. 

— 

n 

— 

— 

bO. 

H.  J. 

26 

1905,  1907, 
1911.   1914. 

No  discharge. 
Pains   in   joints. 

— 

(t 

— 

+ 

61. 

J.  N.  W. 

33 

1900,  1904,  1909. 

Recur.     \'esiculitis. 
Stricture.     Discharge. 

? 

6/12 

— 

++ 

62. 

E.  K. 

28 

1906,  1908, 
1910,  1914. 

Prostatitis. 
Discharge. 

— 

— 

— 

63. 

H.  L. 

■     35 

1903,  1914. 

Intermit,  disch.  A.  M. 

- 

7/15 

- 

+ 

64. 

F.  D.  N. 

51 

1895,   1911. 
Irregular 

(lisch. 

No    di.sch. 

a 

65. 

L.  P. 

36 

1904.    1914. 

CoiUinunus  (lisch. 

- 

7/17 

- 

— 

66. 

K.  M. 

32 

1910. 

No  signs.  Marriage? 

- 

7/15 

- 

- 

67. 

H.    L. 

40 

1910. 

Di.sch. 

+ 

ti 

- 

- 

68. 

A.  R.  W. 

28 

1909. 

Pain   in   joints 
and  kidney.     No 
discharge. 

7/19 

69. 

B.  S. 

37 

1912  (Test+) 

Slight  disch. 

- 

7/24 

- 

- 

70. 

Dr.  D.  S. 

? 

Only   1904.     Conip. 
cured.     1907. 

Perineal  pain.     Disch 
pus.  Diph. 

— 

n 

~" 

— 

71. 

B.  W. 

48 

2   attacks,  last 
20  vears  ago. 

Enl.   prost. 
Disch. 

~" 

7/26 

~~ 

~ 

72. 

j.  L. 

40 

1893,   1900. 

Impotence.      Tliroads, 
Occasional   disch. 

— 

7/26 

— 

— 

73. 

Af.  J.  K. 

l'M2,  Comj). 

Drinking.     Disch.  .\. 

- 

tt 

- 

- 
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Long-Standing  and  Repeated  Attacks  oi-   Go.vorrhua.      (Continued.) 


NO. 

NAMi:. 

AGK. 

HISTORY. 

CONDITION.                 CC. 

PRESENT. 

DATE. 

5/10 

p. 

w. 

74. 

L.  C. 

50 

1906. 

Disch.  4  weeks  ago. 

_ 

_ 

No  disch. 

75. 

F.  S. 

58 

1910. 

Prostatitis. 
Discharge. 
Staphylococci. 

4/29 

76. 

E.  K. 

26 

1910. 
Recurrences. 

No  disch. 
Vesiculitis? 

— 

7/29 

— 

— 

77. 

W.  Y.  D. 

30 

1912. 

Stricture,  Specks, 

Smears. 

Retention. 

' 

6/12 

" 

" 

(( 

- 

7/29 

— 

— 

78. 

E.  S. 

Indefinite. 

Constant  discharge. 

+ 

8/5 

_ 

-ff 

79. 

A.  P. 

1910  et   seq. 

Epidid.     Orchitis. 
Disch. 

— 

8/13 

+ 

++ 

80. 

J.  J.  D. 

1897. 

Epididy.     Vasitis. 
Sterile. 

— 

8/9 

— 

— 

Eighty  sera  from  cases  of  long-standing  gonorrhea  with  repeated  attacks 
gave  19  positive  reactions  witli  the  commercial  antigen,  or  24  per  cent,  and  40 
positive  reactions  with  the  W.  antigen,  or  50  per  cent.  Of  these  patients,  12 
were  clinically  cured,  52  showed  a  discharge,  and  in  only  10  were  gonococci  to 
be  found.  It  is  in  this  class  that  complement  fixation  is  of  the  highest  value. 
The  percentage  of  positive  reactions  would  be  much  higher,  37  per  cent  with 
the  commercial  antigen  and  80  per  cent  wuth  the  fatty  antigen,  if  the  cases 
clinically  cured  and  those  free  from  discharge  had  been  eliminated. 


NO.      NAME. 


1. 

S. 

2. 

W 

3. 

R. 

4. 

R. 

II 

5. 

K. 

II 

6. 

G. 

u 

7. 

H. 

It 

8. 

P. 

9. 

F. 

10.     E. 


11.  D. 

(t 

12.  G. 

i< 


AGE. 


TABLE  VI. 

Gonorrhea  in  Children   (Female). 

(Unsatisfactory  Histories.) 


5 

3/2 
8 
3 

8  mos. 

5 

13  mos. 

1  year. 
7  years. 

10  mos. 


duration. 


8  months. 
1  year. 

3  months. 
4 

3  months. 
4 

4  months. 

5  months. 

6  weeks. 
10 

3  months. 

1  year. 

13  months. 

2  months. 

3  months. 


2  years.      1  month. 

2  months. 
15  mos.        8  months. 

9  months. 


GC.  PRESENT.  RE-MARKS. 

+ 


+ 

+ 
+ 


date.        p.      w. 


+ 
+ 
+ 
+ 


Diptheroid-.     Gc.  nevtr  found. 


(Faucial  Diphtheria). 


4+ 
-        ++ 


+       ++ 


+ 
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Gonorrhea  ix  Children  (Female.)     (Continued.) 
(Unsatisfactory   Histories.) 


NO.      NAME. 

AGE. 

DURATION. 

GC. 

PRESENT.              REMARKS. 

DATE. 

13.  E.    F. 

14.  R. 

a 
(( 

IC 

7  years. 
10  years. 

Years. 

? 

-       Gc.  never   found. 

+ 

+ 

Vaccine. 

5/4/15 
5/19 
5/28 
6/30 

15.  F.   M.  5  years. 

16.  I.  C.  4  vears. 


Months. 


1/. 

Ji.  U.   JN. 

JN.      « 

years. 

+ 

18. 

D.  P. 

12 

St 

Long-standing. 

? 

4- 
+ 

£1 

H  ■ 

N 

•61 

1  month. 

+ 

20. 

F.  Mas. 

14 

p 

- 

21. 

L.  C. 

10 

Months. 

+ 

22. 

T.   S. 

12 

(t 

+ 

23. 

M.  W. 

tt 

6 

1  month. 

+ 
+ 

24. 

A.   T. 

9 

Months. 

+ 

25. 

S. 

12 

years. 

Long-standing. 

+ 

i< 

vaginitis. 

26. 

P.  M. 

'5 

Long-standing, 
vaginitis. 

+ 

27. 

C.  D. 

12 

5  weeks   ? 
vaginitis 

+ 

28. 

N.  B. 

8 

4  weeks 
vaginitis 

+ 

29. 

M. 

4 

? 

- 

30. 

0.  F. 
« 

2 

1  yr.  Vaccine. 
Vaccine. 

+ 

31. 

S.  I. 

5 

Doubtful. 

- 

32. 

B.  F. 

8 

Doubtful. 
Long-standing. 

- 

33. 

R.  C. 

6 

Vaginitis. 

+ 

5/29 


4/29 


w. 


+f 

4  + 
4+ 


6/2 

4-f- 

5/6 

_              J^JL 

« 

4-4- 

(( 

-        +f 

<( 

_ 

4/24 

4- 

5/7 

- 

Thirty-three  female  children,  a  majority  with  unsatisfactory  histories, 
showed  positive  reactions  to  the  commercial  antigen  in  only  3  instances,  less 
than  10  per  cent,  and  to  the  W.  antigen  in  18,  54  per  cent.  We  have  been 
unable  to  account  for  the  very  low  percentage  in  the  former,  unless  the  ex- 
planation may  be  found  in  the  antigen.  The  W.  antigen  was  made  from  va- 
rious strains  of  gonococcus,  7  of  which  were  isolated  by  one  of  us  from  cases  of 
specific  vaginitis  in  girl  children,  whereas  we  understand  that  few,  if  any,  of  the 
strains  used  in  making  the  commercial  antigen  were  obtained  from  such  source.^ 

Table  VII  shows  the  number  of  positive  reactions  obtained  with  both  anti- 
gens in  cases  where  gonococci  were  demonstrable.  There  is  also  shown  the 
number  of  positive  reactions  where  gonococci  were  not  found.  Certain  apparent 
discrepancies  in  totals  are  explained  by  the  fact  that  in  some  instances  where 
the  test  was  repeated  on  the  same  serum  the  gonococcus  was  present  on  one 
occasion  and  absent  on  another. 


'The  vaginitis   strains    referred    to   have   only   recently   been   presented   to   the   laboratory    of    Parke, 
Davis  and  Company. 
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TABLE  VII. 

GC.   PRESENT.  P.  W,  Gc.    AIlSEM.  P.  W. 

Acute    32  cases  12  24  7  cases  1'  6 

Subacute    13  cases  4  9  9  cases  1  3 

Chronic    11  cases  4  8  •          22  cases  2  8 

Long-standing   11  cases  4  8  60  cases  13  30 

Children     20  cases  4  18  16  cases  0  3 

Analysis  of  the  above  shows,  on  tlie  whole,  what  appears  to  be  a  lower  per- 
centage of  positive  reactions  with  the  commercial  antigen  than  has  been  ob- 
tained and  reported  by  other  workers.  There  are  several  factors  to  be  con- 
sidered in  this  connection.  By  far  the  greater  number  of  cases,  in  fact  nearly 
all,  except  the  children,  who  were  hospital  cases  were  private  patients,  and  re- 
ceived the  best  of  care.  The  complicated  cases,  usually  neglected,  and  ultimate- 
ly found  in  dispensaries  and  hospitals,  are  few.  Among  the  latter  the  propor- 
tion of  positive  reactions  is  much  higher.  Again,  tabulation  of  cases  of  the 
class  dealt  with  according  to  the  age  and  duration  of  the  infection,  some  of  the 
cases  appearing  clinically  cured,  must  necessarily  yield  a  lower  proportion  of 
positive  reactions  than  a  series  in  which  all  but  the  doubtful  cases  have  been 
excluded.  A  third  factor  is  the  variability  or  fluctuation  of  reactions  that  oc- 
cur during  the  course  of  an  infection.  It  has  been  observed  in  this  work,  and 
by  other  writers,  that  alternation  of  positive  and  negative  reactions  occur  fre- 
quently during  the  continuance  of  gonorrhea.  The  reason  for  this  is  not  ex- 
plained, although  it  is  unquestionable  that  exercise,  alcohol  and  sexual  excite- 
ment have  decided  influence.  The  administration  of  antigen  in  form  of  ordi- 
nary  vaccine  has  no  influence  whatever,  ^^'ith  these  facts  in  mind,  it  is  not 
difficult  to  understand  how  one  series  of  cases  may  show  more  positive  reactions 
than  another. 

There  is  no  question  but  that  a  single  negative  reaction  in  a  suspected  case 
has  no  value,  whereas  repeated  negative  reactions  in  the  absence  of  clinical  signs 
of  gonorrhea  are  of  great  value.  We  strongly  urge  repeated  tests  in  doubt- 
ful cases  giving  negative  reactions.  On  the  other  hand,  a  single  positive  re- 
action, even  in  the  absence  of  clinical  signs,  is  of  the  greatest  importance  and 
indicates  sensitization  by  gonococci.  Our  experience  has  shown  that  stimu- 
lation in  such  cases,  with  sounds  and  silver,  frequently  is  followed  by  the  ap- 
pearance of  cocci  in  the  exudate. 

The  efifect  of  epididymitis  upon  the  complement  fixation  has  not  been 
marked  in  this  series  or  in  our  previous  work,  and  we  believe  this  phase  of  the 
disease  to  have  no  influence  in  producing  positive  reactions,  but  rather  the 
contrary.  We  have  observed  repeatedly  negative  reactions  throughout  the  course 
of  epididymitis,  and  have  observed  positive  reactions  disappear  with  an  on- 
coming attack.  The  severity  of  the  complication  has  appeared  to  be  associated 
with  negative  reactions,  mild  cases  giving  a  much  higher  proportion  of  positives. 
Theoretically,  one  would  expect  such  relationship  in  view  of  the  well-known 
clinical  phenomenon  of  disappearance  of  exudate  and  cocci  from  the  urethra 
during  an  inflammation  of  the  epididymis,  a  few  of  the  severest  cases  of  which 
unquestionably  induce  cures  of  the  urethral  infection. 

Comparison  of  the  two  antigens  shows  the  superiority  of  the  Warden  anti- 
gen over  the  best  of  the  watery  antigens.     Where  the  latter  gave  positive  re- 
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actions,  the  former  invariably  gave  positives,  and.  as  a  rule,  to  a  greater  de- 
gree, save  in  one  instance  only.  With  the  latter  also  there  is  much  less  fluctua- 
tion. The  positive  reactions  appeared  earlier,  persisted  longer,  and  occurred  in 
a  larger  number  of  doubtful  cases.  We  believe  this  antigen  can  be  still  further 
improved.  The  data  in  this  work  appear  to  us  to  warrant  the  following  con- 
clusions : 

1.  An  alcoholic  solution  of  the  fats  of  the  gonococcus  serves  as  antigen 
in  the  gonococcus  complement  fixation  test,  and  is  superior  for  the  purpose  to 
the  watery  antigen  of  commerce. 

2.  \\  e  concur  in  the  opinion  that  positive  reactions  are  always  of  value. 
Repeated  negative  reactions  in  the  absence  of  clinical  signs  are  of  great  value. 
A  single  negative  reaction  has  no  significance  whatever. 

3.  A\'hile  the  sera  of  normal  persons  have  been  thus  far  wholly  negative, 
and  while  it  is  admitted  that  positive  reactions  are  largely  confined  to  cases 
where  the  gonococcus  is,  or  has  recently  been,  present,  nevertheless,  the  evi- 
dence, as  a  whole,  leads  us  to  believe  that  a  positive  reaction  indicates  the  pres- 
ence in  the  serum  of  some  substance  which  reacts  with  the  antigen  (antibody?) 
to  produce  fixation  of  complement,  and  not  necessarily  the  presence  of  a  focus 
of  gonococcus  in  the  body. 

A\'e  wish  to  thank  Dr.  E.  W.  A\'hite  and  ]\Ir.  Richard  Zickman  for  much 
assistance  in  the  preparation  of  this  paper. 


FETAL  ERYTHROBLASTOSIS:  FETAL  ERYTHROBLASTOAL\TOSIS  * 


By  Paul  G.  W'oollev,  M.D.,  Cincinnati,  Ohio. 


CONGENITAL  general  edema  is  a  subject  which  ha>  been  engaging  more 
and  more  attention.  About  it  a  very  considerable  literature  has  been  de- 
veloping, not  because  the  cases  which  exhibit  the  condition  are  very  frequent, 
for  they  are  not.  but  because  of  the  opportunities  for  theoretic  perambulations. 
Jjallantyne,  Chiari  says,  was  able  to  find  bvit  70  cases  in  the  literature  between 
1614  and  1898.  Recently,  especially  since  the  awakening  of  interest  by  the 
communications  of  Schridde,  the  reports  are  becoming  more  frequent. 

In  its  characteristic  form,  congenital  general  edema  is  evident  at  birth,  and 
appears  to  have  developed  during  the  period  of  the  fetus  in  the  uterus.  Be- 
cause of  the  swelling  of  the  tissue,  delivery  is  difficult,  and  after  the  expulsion 
or  forcible  removal  of  the  infant,  tlie  cord  and  placenta  arc.  like  the  cliild  it- 
self, found  to  lie  waterlogged. 

Concerning  the  causes  of  the  condition,  something  is  known  of  some  cases ; 
nothing,  of  others.     'I'hev  are  grouped  as  follows: 

1.  H}drops  ascites  congenitus  caused  by  disturbances  in  the  portal  cir- 
culation; fetal  ]:)eritonitis ;  absence  of  the  ductus  venosus  Arantii :  and  in  cer- 
tain anomalies  of  the  intestinal  tract. 


*Fiom    the    Alary    M.    IJmery    I.alior.Ttoi  y    of    PatholoKy    of    the    I'liivcisity    nf    Cincinnati,    anil    tlie 
I'atholdgic    Institute    of    the    Cincinnati    General    Hospital. 
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2.  In  a  certain  group  of  cases  there  are  anomalies  of  the  iicart,  of  the 
vessels,  or  of  the  uropoietic  system  of  the  fetus. 

3.  In  a  certain  group  of  cases  the  edema  of  the  fetus  seems  to  be  as- 
sociated with  maternal  disease— chiefly  nephritis. 

4.  In  another  group  none  of  the  above  mentioned  factors  are  present,  and 
in  this  it  has  been  supposed  that  some  metabolic  anomaly  of  the  fetus  develops 
which  finds  expression  in  abnormal  blood  production  and  edema. 

It  is  this  last  group  which  is  most  interesting,  for  in  it  belong  the  cases 
of  what  has  been  called  fetal  erythroblastosis  (Raubmann).  This  very  peculiar 
and  almost  generally  unrecognized  complex  is  characterized,  as  Schridde  said, 
by  the  following  features : 

I.  The  fetuses  (premature  as  a  rule)  show  universal  edema  in  the  form 
of  anasarca,  and  hydrops  of  the  body  cavities. 


rig.   1. — A  low  power  photoinicrograph  of  a  liver  section  to  show  the  islands  of  (chiefly)   erythroblasts  and 

the  atrophy   of  the  hepatic   parenchyma. 

2.  Most  of  them  show  also  edema  of  the  placenta  and  cord. 

3.  The  liver  and  spleen  are  markedly  enlarged. 

4.  Microscopic  examination  of  the  liver  and  spleen  show  unusually  large 
numbers  of  erythroblasts  with  large  numbers  of  other  myeloid  cells,  inside  and 
outside  the  vessels.  Also,  the  liver  cells  are  atrophic,  and  in  the  spleen  the 
follicles  are  absent.  In  other  organs,  especially  in  the  kidneys  and  lymph  nodes 
extramedullary  erythroblastic  nodules  appear,  and  the  blood  shows  enormous 
numbers  of  erythroblasts  overshadowing  all  other  elements.  Mitotic  and  rhec- 
tic  figures  appear,  and  the  liver  cells  and  pulp  cells  of  the  spleen  are  colored 
with  iron-containing  pigment. 

These  characters  were  shown  in  their  entirety  by  a  case  sent  me  by  Dr. 
H.  Iv.  Woodward,  which,  however,  was  more  than  usually  interesting  in  that 
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Fig.    2. — An    area   in   a    section    from    the   liver    showing   the    edematous,  and   atrophic   liver    cells, 

numbers  of  erythroblasts,  some   of  them   showing  mitosis. 


and   also 


I'ig.  3. — Same  as  I'ig.  _',  but  somewhat  greater  magnification.     The  parcnchyniaunis  changes  are  well  shown. 
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the  anasarcous  fetus  was  one  of  a  pair  of  twins.  The  other  twin  was  apparent- 
ly normal.  Delivery  was  not  forcible,  Ijut  the  delay  caused  by  the  delivery  of 
the  anasarcous  infant  led  to  the  death  of  the  healthy  one.  I  loth  were  prema- 
ture. 

Schridde  believed  that  this  fetal  disease  was'  the  result  of  a  severe  fetal 
anemia  which  was  associated  with  a  high  grade  of  reparatory  erythropoiesis. 
The  anemia,  it  was  assumed,  was  of  toxic  origin.     Schridde  (Hd  not  believe  it 


Fig.   4. — Same  as   Fig.    3,   but  with   still   greater  magnification. 

to  be  luetic.  Fischer  called  attention  to  the  similarity  of  the  picture  to  that 
of  anemia  pseudoleukaemia  iiifantutn  and  suggested  that  this  kakophoniously 
named  disease  might  be  an  exaggerated  form,  or  a  further  development,  of  fetal 
anemia  in  which  the  criteria  might  be  similar  to,  though  less  marked  than  those 
of  the  erythroblastosis  type.  One  of  Schridde's  cases  was  derived  from  a  ne- 
phritic mother  but  in  this  instance  he  believed  that  the  fetal  condition  was  coin- 
cidental and  not  the  result  of  the  maternal  condition.  This  is  interesting  be- 
cause there  is  the  tendency  to  lay  these  cases  at  the  door  of  maternal  disorders 
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I'ig.  5. — A  low  power  photomicrograph  of  an  area  in  the  kidney  showing  the  massing  of  erythroblasts. 


rig.   6. — Same  as   Fig.   5,   but  with  greater  magnification. 
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Fig.  7. — Nucleated  red  cells  in  the  umbilical  vein. 
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Fig.  8. — Same  as  Fig.  7,  but  with  greater  magnification.     One  erythroblast  shows  evidence  of  division. 
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(Fischer,  Wolff).  It  is  generally  supposed  that  the  disease  is  of  toxic  origin 
and  that  the  toxic  materials,  while  causing  destruction  of  erythrocytes,  at  the 
same  time  stimulate  the  blood  forming  tissues.  The  origin  of  the  poisons  is 
not  known.  Certainly  they  do  not  come  from  the  maternal  blood — or  almost 
certainly.     In  the  case  here  reported,  one  twin  was  healthy. 

Schridde  and  Chiari  both  incline  to  the  opinion  that  the  condition  rests 
upon  some  fundamental  disturbance  of  the  metabolism  of  the  fetus,  though  what 
the  cause  is  they  do  not  know.  The  question  remains  whether  there  is  a  chronic 
irritation  of  the  ers-throblastic  tissues,  or  whether  the  primary  thing  is  a  de- 
struction of  circulating  red  cells  with  reparatory  overproduction,  or  both. 

It  would  appear  that  the  anasarca  is  the  expression  of  the  anemia  which 


Fig.    9. — A   placental   villus   with    luicleated    red  cells    in   its   vessel. 

in  turn  is  due  to  disturbed  production  and  perhaps  also  to  increased  destruc- 
tion, of  er}^throcytes.  The  pigmentation  of  the  organs  speaks  for  such  destruc- 
tion. As  is  very  well  known,  edema  is  a  constant  occurrence  in  all  grave 
anemias,  because  either  there  are  not  enough  red  cells  to  carry  oxygen  to  the 
tissues,  or  because  the  hemoglobin  content  of  the  cells  is  not  sufficient  to  at- 
tend to  the  oxygen  needs.  In  either  case,  the  oxidations  of  the  tissues  are  nec- 
essarily slowed  and  metabolites  which  normally  would  be  broken  down  and 
carried  away  remain  in  the  tissues,  and,  because  these  metabolites  are  in  the  na- 
ture of  acids,  they  lead  to  water  absorption  by  the  tissues.  The  anasarca  is 
therefore  the  expression  of  a  severe  grade  of  anemia,  ^^'hcn  anatomic  defects 
occur  in  the  body,  anasarca  also  occurs  because  the  blood,  capable  though   it 
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may  be,  is  not  properly  oxygenated  for  obvious  reasons.     In   typical   erythro- 
blastosis, there  are  no  anatomic  anomalies. 

A\hy  the  anemia  occurs  is  a  more  difficult  question.  There  seem  to  be 
two  possibilities.  There  may  be  some  chemical  irritation  of  the  hematopoietic 
apparatus  ^vhich.  while  it  causes  overproduction  of  erythroblasts,  also  causes 
increased  destruction  of  erythrocytes.  The  evidence  is  not  good  for  establish- 
ing a  relationship  between  maternal  conditions  and  the  fetal  state.  In  the  case 
here  noted,  one  twin  was  healthy;  the  other,  erythroblastic.  Nucleated  reds  ap- 
peared in  the  fetal  circulation  but  not  in  the  maternal.  The  condition  may  also, 
so  writers  sav,  be  the  expression  of  a  general  metabolic  anomaly.  This,  of 
course,  is  begging  the  question.  Nevertheless,  it  may  be  suggested  that  there 
is  something  of  an  analog}^  between  this  condition  and  leukemia.  Leukemia  is 
often  considered  a  form  of  neoplastic  overgrowth,  in  which  the  tissue  concerned 
in  the  production  of  white  blood  cells,  is  afifected.  It  seems  that  if  that  con- 
ception has  any  force,  and  we  believe  it  has,  then  erythroblastosis  may  be 
looked  upon  also  as  belonging  to  the  group  of  tumors,  and  in  this  case  it  is  the 
erythroblastic  tissue  which  is  involved.  If  this  should  appear  to  be  true,  then 
the  term  fetal  erythroblastomatosis  would  be  significant. 
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LABORATORY  METHODS 


A  New  Operating  Table  and  Head  Holder  for  Experimental  Purposes* 


By  D.  E.  Tacksox,  M.D.,  St.  Louis,  Mo. 


THIS  table  is  made  almost  entirely  of  ordinary  gas  pipe  and  gas  pipe  fittings, 
it  is  intended  that,  in  so  far  as  possible,  all  the  parts  shall  be  of  regular 
standard  make  and  size  and  therefore  easily  obtainable.  The  table  can  be  folded 
up  completely  as  shown  in  Fig.  2.  The  table  complete,  including  head  holder 
and  manometer  stand  weighs  approximately  fifty  pounds.  The  frame,  legs  and 
braces  {c,  d)  are  made  of  half-inch  pipe  and  fittings.  The  table  is  35  inches 
high. 

The  wooden  top  {a)  is  3  feet  8  inches  long  by  12  inches  wide  and  1  inch 
thick.  The  metal  frame  beneath  this  is  3  feet  5.5  inches  long  by  13.5  inches 
wide  as  measured  from  center  to  center  of  the  pipes.  The  rear  legs  (e,  e)  pass 
upward  and  screw  into  side-elbows  which  are  connected  by  close  nipples  with 
tees  which  are  bored  out  large  enough  to  turn  loosely  on  the  pipe  which  forms 
the  rear  end  of  the  framework.  The  other  openings  of  the  side-elbows  are 
connected  by  a  short  piece  of  pipe  which  holds  the  upper  ends  of  the  legs  firmly 
in  place,  ^^'l^en  the  brace  [c]  is  screwed  out  the  rear  legs  are  then  thus  free 
to  rotate  backwards  and  be  folded  completely  back  up  over  the  top  of  the  table. 
Two  small  notches  are  cut  in  the  rear  end  of  the  top  of  the  table  to  admit  the 
revolving  tees  as  the  legs  are  folded  back  over  the  table  top.  Similarly  the  front 
legs  {f,  f)  pass  upward  beneath  the  table  but  about  1.5  inches  in  front  of  the 
end  of  the  wooden  top.  The  legs  here  screw  into  side-elbows.  These  side- 
elbows  are  connected  by  a  short  piece  of  pipe  which  holds  the  upper  ends  of  the 
legs  firmly  in  position,  while  the  other  opening  of  each  of  the  side-elbows  (to- 
ward the  table  top)  is  connected  (by  a  close  nipple)  to  a  tee  which  is  bored 
out  to  turn  easily  around  the  pipe  which  forms  the  front  end  of  the  frame.  When 
the  brace  {d)  is  screwed  out  the  front  legs  are  thus  left  free  to  fold  backward 
up  under  the  bottom  of  the  table. 

The  pipe  /,  which  is  covered  by  a  cap  at  the  top.  passes  down  and  screws 
into  a  side-tee,  the  side  opening  of  which  is  turned  toward  the  table  top  and  is 
connected  by  a  close  nipple  with  another  side-tee.  the  side  opening  of  which 
is  turned  down  and  carries  a  set  screw  to  fasten  these  two  side-tees  and  the  pipe 
/  in  any  position  desired ;  for  the  straight  opening  of  each  of  the  two  side-tees 
is  bored  out  to  slip  easily  over  the  two  pipes  which  are  located  at  the  front  end 
of  the  table,  viz.,  the  front  end  of  the  frame  of  the  table  and  the  pipe  which  con- 
nects the  two  side-elbows  into  which  the  upper  end  of  the  front  legs  are  screwed. 
These  two  pipes  are  parallel  and  about  2.25  inches  apart  (from  center  to  center) 
and  the  sliding  of  the  two  side-tees  from  side  to  side  on  these  pipes  permits  the 

*From  the  Department  of  Pliannacology  of  Washington   University  Medical   School,   St.   Louis,  Mo. 
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pipe  /,  and  hence  the  head  holder  k,  to  be  moved  from  side  to  side  to  any  de- 
sired position. 

The  braces  (c  and  d)  are  screwed  into  tees,  the  threads  of  one  end  of  each 
brace  being  left-handed.  The  pieces  d/  c'  serve  as  handles  for  screwing  in  or 
out  these  braces.     At  the  upper  end  the  braces  are  Screwed  into  the  side  open- 


Fig.    1. — For  description   see   text. 


Fig.    2. — For   description   see   text. 

ings  of  a  side-tee  which  is  placed  in  the  middle  of  the  central  cross  pipe  of  the 
frame  of  the  table. 

The  shelf  (Z?),  is  movable  and  can  be  easily  shifted  to  any  one  of  four 
positions  or  left  off  entirely.  Or  a  long  shelf,  the  full  length  of  the  table,  may 
be  placed  on  one  or  both  sides,  or  short  shelves  may  be  placed  at  one  or  both 
ends  of  the  table.     These  various  changes  are  made  possible  by  screwing  short 
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pieces  of  pipe  {i,  i)  into  the  side  openings  in  the  frame  of  the  table.  There  are 
ten  of  these  openings,  a  part  of  which  are  indicated  by  the  letter  V .  The  shelf 
{b)  is  held  on  to  the  short  pipes  {i,  i)  by  small  flat  metal  clamps  such  as  are 
used  to  attach  gas  piping  to  walls,  etc.  The  shelf  can  be  quickly  slipped  off  the 
pipes  until  the  dissection  is  complete  and  then  replaced  to  hold  apparatus,  etc. 

At  the  floor  each  leg  carries  two  elbows  (y,  j,  j,  j),  joined  together  by  a 
close  nipple.  This  gives  the  table  a  wider  base  and  prevents  overturning.  Cas- 
tors may  be  attached  if  desired. 

The  loops  (g,  g,  g,  g)  are  used  for  the  attachment  of  cords  which  hold 
the  animal,  and  are  half-inch  size  chandelier  loops  screwed  into  the  upper  open- 
ings of  side-tees.  The  other  openings  (lateral)  of  the  side-tees  carry  set  screws. 
The  straight  opening  of  each  of  the  side-tees  is  bored  out  to  slide  or  turn  easily 
on  the  side  pipes  of  the  frame.  Thus  by  means  of  the  set  screws  these  loops 
may  be  quickly  fastened  at  any  desired  position  to  fit  various  sized  animals. 


Fig.    3. — For   description    see    text. 

The  pipe  h  (which  holds  the  manometer,  tambours,  etc.)  is  quarter-inch 
sized  piping  and  is  24  inches  high.  At  the  bottom  it  screws  into  the  upper  open- 
ing of  a  side-tee  while  the  other  (lateral)  opening  of  the  side-tee  carries  a  set 
screw  to  fasten  the  side-tee  (and  hence  the  pipe  h)  in  any  desired  position  on 
the  short  pipe  h',  which  is  screwed  into  one  of  the  side  openings  {V ,  not  indi- 
cated at  this  place  in  the  picture)  of  the  frame.  The  straight  opening  of  the 
side-tee  is  bored  out  so  that  it  will  slide  or  turn  easily  on  the  pipe  //'. 

At  m,  n,  0  in  Fig.  1  is  shown  the  method  of  attachment  of  the  head  holder 
{k).  By  means  of  the  adjustments  here  indicated  the  head  holder  can  be  ad- 
justed in  any  direction,  laterally,  up  and  down,  back  and  forth,  and  it  can  be 
rotated  entirely  around  or  placed  at  any  angle  as  is  often  desirable  for  opera- 
tions on  various  parts  of  the  head. 

The  head  holder  {k)  (Fig.  3)  can  be  entirely  detached  from  the  table 
and  fastened  on  the  animal  out  in  the  room.     The  head  holder  may  also  be 
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used  un  an\  urdiiuiiy  table  or  operating  board  by  simply  attaching  the  pipe  /, 
by  means  of  a  flange  to  the  top  of  the  table  or  board.  The  head  holder  is  made 
of  quarter-inch  tubing  and  fittings  in  all  parts  except  the  piece  r  (Fig.  3)  which 
is  of  half-inch  piping.  Near  the  center  of  this  piece  r  is  a  hole  one-half  inch 
in  diameter  shown  at  s.  This  hole  extends  entirely  through  the  piece  r,  and 
is  for  the  purpose  of  admitting  a  stomach  tube  if  one  cares  to  administer  a  drug 
in  this  manner. 

The  piece  q,  is  a  wrench  used  to  turn  the  various  set  screws  about  the  table. 
It  is  a  piece  of  half-inch  pipe  3.5  inches  long  with  a  slot  cut  in  one  side. 

The  pieces  t  and  u  (Fig.  3)  are  4.5  inches  long  and  the  curved  part  which 
passes  around  the  animal's  jaws  is  3  inches  long.  Each  of  these  curves  should 
be  wrapped  with  several  layers  of  gauze  which  is  tied  on  tightly  by  twine  or 
soft  copper  wire.  The  animal's  canine  teeth  are  passed  in  front  of  the  piece  r, 
and  then  the  pieces  /  and  u  are  quickly  closed  down  tightly  on  the  outside  of 
the  iaws.  The  set  screws  y,  y  are  quickly  tightened  and  the  animal  is  held  se- 
cure, thus  avoiding  largely  the  use  of  a  muzzle.  The  crosses  z;  v  are  bored  out 
to  turn  freely  on  a  2.25  inch  nipple  which  screws  into  the  elbow  z,  and  is  capped 
by  the  cap  r.'.  The  cross  .v  is  bored  and  filed  out  to  slide  freely  back  and  forth 
on  the  short  curved  pipe  x'.  It  is  intended  that  this  head  holder  should  be 
quickly  and  effectively  fastened  on  to  the  animal  and  that  the  pipe  p  may  be 
used  as  a  handle  to  carry  out  any  further  manipulations  of  the  animal. 

Any  ordinary  plumbing  or  gas  fitting  establishment  can  readily  and  cheaply 
furnish  all  the  metal  parts  of  this  table  and  head  holder.  The  wood  top  and 
shelf   (or  shelves)    can  be  obtained  in  most  places  without  difficulty. 

Some  of  the  ideas  incorporated  in  this  table  have  been  suggested  by  ^Ir. 
John  A.  Higgins. 
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EDITORIALS 


The  Measuremerit  of  the  Mass  Movement  of  the  Blood 

THE  object  of  the  circulation  is  to  supply  the  tissues  with  hlood,  and  the 
adequacy  of  the  supply  will  depend  mainly  on  the  difference  of  pressure 
between  artery  and  vein  and  the  calibre  of  the  intervening^  vessels.  It  is  im- 
possible, from  the  blood  pressure  measurements  alone,  to  form  any  accurate 
estimate  of  the  rate  at  which  blodd  is  flowing  through  an  organ  or  part  (the 
so-called  mass  movement  of  the  blood).  It  often  happens,  for  example,  that 
perfectly  normal  blood  pressure  values  may  be  obtained  from  the  vessels  oi 
a  part  (such  as  the  haixls  or  feet)  the  lilood  supply  of  which  is  nc\ertheless 
obviously  either  abdve  or  below  the  normal  as  indicated  by  the  subjccti\c  sensa- 
tions of  heat  or  cold;  thus,  cold  hands  or  feet  may  be  complained  of  when  blood 
pressure  measurements  in  the  artery  and  vein  give  normal  values.  This  fact 
suggests  a  method  for  measuring  the  real  blood  supply,  namely,  to  ascertain 
the  amount  of  heat  which  the  jtart  gives  off.  Such  a  method  has  l)cen  worketi 
out  by  G.  N.  Stewart,  who  has  used  it  in  the  study  of  a  series  of  clinical  cases 
with  results  which  cannot  but  be  of  importance  and  value  in  the  clinic. 

Indeed,  Stewart  has  been  able  in  many  cases  to  detect  changes  in  blood- 
flow  where  no  such  change  was  suspected,  and  by  repeating  the  measurement 
from  day  to  day.  in  cases  where  the  blood-flow  was  found  to  be  inadequate,  he 
has   been   able   to    supi)ly    information    without    which    it    would    have    been    im- 
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possible  to  decide  on  the  correct  line  of  treatment.  \\c  will  go  into  some  of 
these  cases  in  greater  detail  later  on,  but  meanwhile  it  may  be  of  interest  to 
point  out  the  general  principles  of  the  method. 

The  apparatus  consists  essentially  of  a  vessel  containing  a  known  quantity 
(3,000  c.c.)  of  water  and  a  thermometer  from  which  a  change  of  temperature 
of  a  hundredth  of  a  degree  Centigrade  can  be  read.  In  order  to  diminish  as 
much  as  possible  the  loss  of  heat  between  the  vessel  and  the  outside  air,  the 
walls  of  the  vessel  are  double,  the  space  between  being  stuffed  with  broken  cork. 
The  top  of  the  vessel  is  closed  with  a  thick  cork  plate,  having  suitable  open- 
ings in  it  for  the  hand  or  foot  and  for  the  thermometer  and  a  stirrer  (feather) 
with  which  to  keep  the  water  in  constant  motion.  The  apparatus  is  called  a 
calorimeter. 

After  the  hand  or  loot  has  been  in  the  calorimeter,  with  the  water  a  few 
degrees  below  that  of  the  body,  for  a  certain  time,  the  temperature  of  the 
water  will,  of  course,  become  raised  and  the  degree  to  which  this  occurs,  mul- 
tiplied by  the  volume  of  the  water  in  cubic  centimeters,  will  give  in  calories  the 
amount  of  heat  dissipated.  By  the  application  of  a  very  simple  formula  it  is 
now  an  easy  matter  to  calculate  how  much  blood  must  have  passed  through  the 
blood  vessels  of  the  part  in  order  to  give  out  the  observed  amount  of  heat;  for, 
if  we  divide  the  calorics  by  the  difference  in  temperature  between  the  inflowing 
and  outflowing  blood  of  the  part,  the  result  must  indicate  the  volume  of  blood, 
in  cubic  centimeters,  that  has  passed  through  it.  Thus,  if  O  equal  the  amount 
of  blood,  H,  the  calories  of  heat  given  out  to  the  calorimeter,  T,  the  tem- 
perature of  the  arterial  blood,  and  T',  the  temperature  of  the  venous  blood, 
then  we  have  the  equation :  Q=T^f"'.  The  only  other  point  in  this  equa- 
tion that  we  need  dwell  on  at  present  is  the  measurement  of  the  temperature  of 
inflowing  and  outflowing  blood.  It  has  been  shown  by  Stewart  that  the  tem- 
perature of  the  inflowing  blood  is  the  same  as  that  of  the  mouth,  or  0.5°  C. 
below  that  of  the  rectum,  and  that  the  temperature  of  the  outflowing  blood 
equals  the  average  temperature  of  the  water  in  the  calorimeter  during  the  observa- 
tion.    To  allow  for  the  specific  heat  of  blood,  the  result  is  multiplied  by  y. 

Theoretically,  then,  the  method  is  very  simple,  and  there  are  no  unusual 
technical  difliculties  in  carrying  it  out.  The  only  special  precaution  is  that  the 
air  surrounding  the  calorimeter  should  be  kept  tolerably  constant  in  tempera- 
ture, so  that  we  may  be  enabled  to  allow  in  our  calculations  for  the  loss  of  heat 
from  the  calorimeter  itself,  this  value  being  obtained  by  observing  the  change 
of  temperature  in  the  calorimeter  for  a  certain  period  of  time  after  the  hand 
has  been  removed  from  it.  The  observation  should,  therefore,  be  made  in  a 
small  room  with  closed  doors,  or  if  it  must  be  made  in  a  ward,  the  space  around 
the  bed  should  be  well  surrounded  with  curtains. 

The  results  are  calculated  on  the  basis  of  grammes  of  blood  flowing  through 
100  c.c.  of  tissue  in  one  minute.  In  a  normal,  healthy  individual  the  average 
flow  in  the  hand  is  from  12  to  13  gms.  for  the  right  hand,  and  about  half  a 
gramme  less  for  the  left.  This  difference  between  the  two  hands  corresponds, 
of  course,  with  their  relative  degree  of  development.  The  average  foot-flow 
is  much  less,  and  varies  according  to  whether  the  patient  is  sitting  up  or  lying 
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down  while  the  measurement  is  being  made.  In  a  normal  individual,  while 
lying  down,  it  was  5.11  gms.  in  the  right  foot  and  5.23  gms.  in  the  left,  per  100 
c.c.  of  foot;  but  only  3.96  gms.  for  the  right,  and  4.1  gms.  for  the  left  foot, 
while  sitting  up.  The  results  have  been  found  to  undergo  only  a  slight  varia- 
tion from  month  to  month  in  a  given  healthy  individual,  provided  the  air  tem- 
perature during  the  different  observations  is  the  same.  To  obtain  these  con- 
stant results,  however,  it  is  very  important  to  have  the  person  long  enough  in 
the  room  before  the  observations  are  begun,  especially  if  he  be  a  dispensary 
patient  and  has  been  in  the  open  air  with  bare  hands.  Approximately  standard 
conditions  of  room  temperature  must  become  established  if  comparison  of  flow 
in  the  same  patient  at  dift'erent  times  or  of  dift'erent  patients  is  proposed.  Final- 
ly, it  should  be  remembered  that,  although  the  flow  under  standard  conditions 
is  very  constant  for  each  individual  from  time  to  time,  yet  it  varies  in  different 
individuals,  both  with  regard  to  the  absolute  amount  of  the  flow  and  the  ratio 
between  the  two  hands  or  feet.  When  the  total  flow  in  the  two  hands  is  com- 
pared with  that  in  the  two  feet,  it  is  usually  found  that  a  ratio  of  about  3  to  1 
is  obtained. 

Before  proceeding  with  the  results  obtained  in  clinical  cases,  it  may  be 
of  interest  to  consider  some  of  the  physiological  causes  for  variations  in  blood 
flow.  As  above  indicated,  the  most  marked  of  these  is  probably  the  temperature 
of  the  room.  The  temperature  of  the  zvatcr  in  the  calorimeter  has  likewise  a 
great  influence,  and  for  the  comparison  of  different  cases  it  is  always  important 
that  the  room  and  calorimeter  temperatures  be  stated  alongside  the  results. 
Muscular  contractions,  produced  by  moving  the  fingers  in  the  calorimeter,  were 
found  to  produce  an  enormous  change  in  flow ;  thus,  with  calorimeter  tempera- 
tures of  24.38°  C.  and  23.64°  C.  for  the  right  and  left  hands  respectively,  and 
a  room  temperature  of  21°  C,  the  flow  was  15.4  gms.  per  100  c.c.  per  minute 
of  the  right  hand  while  it  was  being  made  to  contract  in  the  calorimeter,  and 
only  4.9  gms.  for  the  left,  which  remained  at  rest.  Since  4.9  gms.  is  a  much 
smaller  flow  than  was  ever  found  in  the  hand  of  this  person  with  both  hands 
at  rest,  the  increased  flow  in  the  contracting  hand  was  evidently  accompanied 
by  a  diminished  flow  in  the  hand  that  was  at  rest.  Moderate  constriction  of 
the  arm  so  as  to  obstruct  the  venous  circulation  caused  a  great  diminution  of 
flow,  which  however  increased  later  because  the  blood  began  to  pass  the  con- 
striction, on  account  of  the  rise  in  venous  pressure.  By  increasing  the  con- 
striction of  the  arm  up  to  and  beyond  the  systolic  pressure,  as  estimated  by  the 
clinical  method,  no  blood-flow  occurred,  and  as  the  pressure  was  gradually  re- 
duced below  the  systolic,  the  flow  only  became  slightly  increased  for  a  con- 
siderable decrement  of  pressure.  This  result  indicates  that  the  pressure  in  the 
armlet  must  fall  somewhat  below  the  diastolic  pressure  before  any  marked  in- 
crease in  the  flow  through  the  hand  occurs. 

The  most  interesting  physiological  condition  that  causes  changes  in  the 
blood  flow  is  a  vascular  reflex  set  up  by  immersing  the  opposite  hand  or  foot 
in  hot  or  cold  water.  In  the  former  case  the  blood-flow  through  the  observed 
hand  increases,  while  in  the  latter  it  decreases.  This  change  may  be  of  a  tem- 
porary character,  or  it  may  persist  throughout  the  whole  period  of  immersion 
of  the  hand.     Constriction  elicited  by  cold  seems  to  be  more  durable  in  the  foot 
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than  the  hand,  and  this  fact  must  be  borne  in  mind  when  making  foot  measure- 
ments. The  practical  importance  of  having  a  reflex  which  we  can  observe 
quantitatively,  is,  of  course,  very  great,  for  it  permits  us  to  study  the  effect 
of  lesions  affecting  either  the  ner\e  or  the  nerve  center  concerned  in  vascular 
reflexes. 

The  reliabilitv  of  the  method  was  evidenced  by  tlie  results  obtained  in 
clinical  cases  in  ichicli  obzious  differences  existed  in  the  blood-flow  of  the  two 
hands  or  feet,  such,  for  example,  as  in  a  case  with  a  recent  cicatrix  of  one 
arm,  and  in  one  in  which  one  of  the  arm  nerves  had  been  severed.  The  most 
interesting  point  observed  in  these  cases  was  that  the  vascular  reflex  did  not 
behave  in  the  normal  fashion,  being  either  greatly  exaggerated  or  depressed. 
The  vasomotor  control  of  the  new  blood  vessels  of  the  cicatrix,  or  of  the  new 
nerve  fibers  in  the  regenerated  nerve,  was  evidently  very  unstable.  Several 
cases  were  observed  where  the  venous  return  from  the  hand  was  interfered 
w  ith  by  a  tumor.  Marked  diminution  of  blood-flow  was  observed,  which  was 
not  the  case,  however,  in  other  cases  where  edema  existed  as  a  result  of  lymphatic 
obstruction.  The  value  of  the  method  in  diagnosing  the  edema  due  to  lymphatic 
or  venous  obstruction  is  thus  illustrated.  In  a  case  of  inflammatory  redness  and 
swelling  of  the  hand  as  the  result  of  an  infection,  a  considerable  increase  of 
blood-flow  was  observed,  but,  still  more  interesting,  a  great  decrease  in  the  flow 
in  the  normal  hand  also  occurred.  The  suggestion  is  made  that  this  curtail- 
ment of  flow  in  the  normal  hand  occurs  for  the  purpose  of  providing  an  in- 
creased flow  in  the  infected  area.  In  other  words,  in  order  to  provide  for  an 
increased  flow  in  the  infected  area,  a  vasoconstriction,  possibly  elicited  reflexly 
through  the  pain  nerves  of  the  infected  hand,  is  brought  about  elsewhere  and 
particularly  in  the  symmetrically  placed  part  of  the  opposite  side.  Furthermore, 
it  was  observed,  in  this  infected  case,  that  the  immersion  of  the  opposite  hand 
in  cold  water  caused  scarcely  any  reduction  of  the  flow  in  the  infected  hand. 
The  vasomotor  impulses  therefore  for  some  reason  had  become  blocked.  In 
other  cases  of  nonbacterial  inflammation  of  the  hand,  as  in  gout,  no  sign  of  vaso- 
constriction block   was  obtained. 

\\  e  will  now  pass  in  review  certain  groups  of  clinical  cases  in  which  a 
change  in  blood-flow  might  not  be  detected  by  the  employment  of  ordinar}^  clin- 
ical methods. 

Anemia. — The  blood-flow  in  the  hand  was  found  to  be  smaller  than  nor- 
mal in  cases  of  pernicious  anemia,  chlorosis  and  secondary  anemia.  The  de- 
ficiency was  less,  however,  in  the  chlorotic  group  than  in  the  other  cases  of 
anemia.  Sometimes  the  degree  of  deficiency  was  very  marked;  thus,  in  a 
case  of  marked  secondary  anemia,  the  flow  was  only  1.26  gms.  per  100  c.c.  of 
hand  for  the  right,  and  1.18  gms.  for  the  left  hand.  Since  it  has  been  shown 
by  Plesch  that  in  anemia  the  minute  volume  of  the  heart  is  increased,  it  must 
follow  that  the  vasoconstriction  at  the  periphery  will  compel  more  blood  to  pass 
through  the  lungs;  in  other  words,  that  it  is  a  compensatory  arrangement  for 
increasing  the  flow  through  the  lungs,  so  as  to  make  up  for  the  deficiency  of 
blood. 

Fever. — Since  changes  in  the  cutaneous  circulation  probably  constitute  the 
chief   factor   in   the    derangement   of   the   temperature-regulating   mechanism   in 
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fever,  it  is  evidently  of  great  advantage  to  be  able  to  measure  such  changes 
quantitatively.  This  has  been  done  by  Stewart  in  several  cases  of  typhoid  fever 
and  in  one  case  of  pneumonia.  The  general  result  has  been  that  the  flow  in 
the  feet  never  exceeded  the  normal  flow,  and  was  usually  much  below  it.  This 
tendency  to  vasoconstriction  seems  to  be  carried  into  convalescence.  For  prac- 
tical reasons  the  hand-flow  has  not  been  so  extensively  studied.  This  hyperex- 
citability  of  the  vasoconstrictor  mechanism  at  the  periphery  is  most  naturally 
interpreted  as  a  defensive  reaction  of  the  organism  by  which  an  increased  supply 
of  blood  is  imported  to  those  internal  organs  Vv'hich  bear  the  brunt  of  the  in- 
fection. When  we  consider  that  in  spite  of  this  constriction  at  the  periphery 
the  blood  pressure  is  low  and  the  pulse  dicrotic,  we  must  conclude  that  there 
is  considerable  dilatation  of  other  vascular  parts,  especially  the  splanchnic  area. 
A  very  practical  application  of  these  facts  presents  itself  in  considering  the 
rationale  of  the  cold  bath  treatment  for  fever.  If,  for  example,  we  conclude 
that  the  cutaneous  constriction  is  in  the  interests  of  an  increase  in  the  blood-flow 
to  the  organ  on  which  the  stress  of  the  infection  falls,  it  will  evidently  be  more 
rational  to  lower  the  temperature  by  methods  which  will  not  diminish,  and 
may  even  increase,  the  cutaneous  constriction  than  to  do  so  by  causing  the 
vessels  to  dilate.  In  other  words,  the  use  of  antipyretics  seems  to  be  contra- 
indicated,  since  they  diminish  the  body  temperature,  causing  vasodilatation  at 
the  periphery  with  a  consequent  withdrawal  of  blood  from  the  seat  of  infec- 
tion. Such  drugs  "diminish  the  temperature,  it  is  true,  but  at  the  cost  of  de- 
feating the  beneficial  redistribution  of  the  blood,  which  it  is  the  function  of  the 
peripheral  vasoconstriction  to  ensure." 

Cardio-vascidar  Diseases. — Taking  all  the  observations  that  have  so  far 
been  made  on  cardiac  eases,  certain  general  conclusions,  which  are  only  pro- 
visional in  some  instances,  may  be  drawn.  The  hand-flow  is  far  more  apt  to 
be  markedly  deficient  in  cases  where  there  is  evidence  of  serious  impairment 
of  the  myocardium  than  in  cases  where  gross  valvular  lesion  exists  while  the 
heart  action  is  strong  and  orderly.  This  indicates  that  it  is  more  serious  for 
the  pumping-  force  of  the  heart  to  be  interfered  with  than  for  its  vahes  to  be 
leaky.  No  matter  how  tight  the  valves  may  be,  the  output  will  bo  small  and 
irregular  if  the  stroke  of  the  pump  is  feeble.  This  general  stalcnient  applies 
more  particularly  in  the  case  of  mitral  than  of  aortic  insulficicncy.  Even  where 
there  is  considerable  venous  engorgement,  the  flow  may  be  little  diininislu'd. 
provided  the  myocardium  is  not  impaired,  and  a  failure  of  the  myocardium  will 
immediately  be  indicated  when  a  marked  diminution  in  the  hand-flow  occurs 
with  great  engorgement  of  the  \cins.  Stewart  and  K.  W  .  v^cott  have  recent!)' 
reported  observations  on  cases  of  auricular  fil)rillati(in  treated  with  digitalis.  In 
untreated  cases  the  blood-flow  was  subnormal.  In  three  jiatients  the  blood-flow 
was  promptly  and  decidedl\-  increased  after  the  administration  of  digitalis,  but 
in  a  fourth  case,  which  had  not  been  considered  to  respond  well  to  this  drug, 
the  blood  How  was  somewhat  increased  when  the  drug  was  slopped  alter  a  long 
course  of  it.  'i'he  general  conclusion  is  that  in  cases  of  iibrillation.  which  are 
evidently  benefited  by  digitalis,  the  l)lood-flow  throngh  tlu-  hands  becomes  coin- 
cidently  increased. 

As  would  be  expected,  arteriosclerosis  was  found  to  lie  associated  with  a 
small  blood-flow,  and  the  \asomotor  reflexes  to  be  weaker  than   in   normal  per- 
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sons.  In  thoracic  (aortic)  aneurysm  the  flows  were  either  of  Uie  normal  order 
of  magnitude  or  at  least  not  so  conspicuously  insufficient  as  might  be  expected. 
Of  course  where  the  aneurysm  was  of  such  a  size  as  to  cause  pressure  on  the 
subclavian  artery  or  vein,  a  diminution  in  flow  of  the  corresponding  hand  was 
observed,  but  otherwise  aortic  aneurysm  in  itself,  although  it  may  cause  great 
changes  in  the  character  of  the  pulse  beat,  does  not  evidently  afifect  the  mass 
movement  of  the  blood.  In  a  case  of  aneurysm  of  the  subclavian  artery,  more 
recently  examined,  the  blood-flow  was  much  greater  in  the  corresponding  hand 
(12.52  grams  per  100  c.c.  of  hand  per  minute)  than  in  the  opposite  hand  (6.36 
grams).  Special  interest  attaches  to  the  case  because  the  amplitude  of  the  pulse 
was  very  obviously  less  on  the  affected  side  than  on  the  sound  side,  and,  judg- 
ing from  this  alone,  misleading  conclusions  regarding  the  mass  movement  of 
the  blood  might  have  been  drawn.  The  difference  between  the  systolic  and 
diastolic  pressures  (the  pressure  pulse)  was  found  to  be  much  less  on  the  af- 
fected side  (S.  110,  d.  88  mm.  Hg.)  than  on  the  normal  (S.  130,  d.  70  mm. 
Hg.).  By  clinical  blood  pressure  measurements,  therefore,  false  estimates  of 
blood-flow  are  quite  likely  to  be  drawn. 

The  increased  blood-flow  was  no  doubt  due  partly  to  vasodilatation  brought 
about  by  pressure  of  the  aneurysm  on  the  brachial  plexus  and  partly  to  the 
lower  resistance  to  the  flow  of  blood  into  the  dilated  right  subclavian.  The 
pressure  on  the  plexus  interfered  not  only  with  the  tonic  vasoconstrictor  im- 
pulses but  also  with  those  to  the  skeletal  muscles,  for  there  was  marked  loss 
of  power  as  well  as  pain  in  the  affected  arm.  Eleven  days  after  ligation  of  the 
right  innominate  the  flow  in  the  corresponding  hand  had  of  course  diminished 
(to  5.44  grams),  but  the  point  of  particular  interest  is  that  the  flow  in  the  op- 
posite hand  had  reciprocally  increased.  "The  cutting  off  of  the  path  through 
the  innominate  and  right  common  carotid  obviously  permitted  more  blood  to 
enter  the  alternative  route  of  the  left  subclavian  and  left  carotid." 

The  gradual  development  of  a  collateral  circulation  could  be  ver)^  accurately 
followed  on  the  operated  side;  in  17  days  after  the  operation  it  was  4.76  grams, 
in  24  days  it  was  4.86  (cool  morning),  and  in  31  days,  by  which  time  the  hand 
was  being  freely  used,  it  was  8.55  grams.  Even  with  this  reestablishment  of 
adequate  flow  no  pulse  was  palpable  on  the  right  side. 

Interesting  observations  were  also  made  on  cases  of  Raynaud's  disease.  As 
would  be  expected,  the  flow  was  small,  the  diminution  being  more  or  less  pro- 
portional to  the  duration  of  the  disease.  The  contralateral  vasomotor  reaction 
to  cold  was  also  peculiarly  intense.  In  diabetic  gangrene  of  the  feet  a  very 
subnormal  flow  was  also  observed  in  both  the  hands  and  the  feet.  The  vaso- 
motor reflexes  were  also  feeble. 

Besides  cardiovascular  diseases  inequality  in  flow  in  the  two  hands  may 
be  due  to  nervous  conditions,  and  a  recent  paper  deals  in  detail  with  the  char- 
acteristics by  which  the  exact  cause  of  the  inequality  may  be  diagnosed.  When 
due  to  mechanical  causes,  the  inequality  remains  unchanged  over  short  periods 
of  time,  whereas  in  nervous  conditions  the  inequality  changes  from  day  to  day. 
Of  course,  over  longer  periods  the  mechanical  inequalities  may  also  change,  as, 
for  example,  in  cases  of  thrombosis  or  embolism.  Another  important  distinc- 
tion is  brought  out  by  testing  the  general  vasomotor  reflexes  by  changing  the 
temperature  of  the  room  and  observing  whether  the  ratio  between  the  two  hands 
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remains  unchanged  or  becomes  altered.  If  it  becomes  altered,  the  inequality 
must  be  due  to  nervous  causes.  As  a  practical  method  of  testing  these  cases, 
Stewart  suggests  that  the  blood-flow  measurement  should  be  made  at  intervals 
of  several  hours  apart  on  the  same  day  with  different  room  and  calorimeter 
temperatures.  As  illustrating  the  importance  of  these  facts,  Stewart  details  the 
results  obtained  in  a  case  of  embolism  and  thrombosis  involving  the  left  arm 
and  right  leg.  The  ratio  in  the  hands  was  1 :2.7.  By  repeated  examination  it 
was  found  that  the  ratio  between  the  two  feet  became  progressively  larger,  un- 
til at  last  it  mounted  to  1  :9.28,  thus  indicating  a  tendency  to  gangrene  in  the 
foot  with  the  curtailed  flow.  The  interesting  point  in  this  case,  however,  was 
the  fact  that  when  the  ratios  of  the  sum  of  the  foot  and  hand  flows  were  com- 
pared over  a  period  of  four  months,  they  were  found  to  be  practically  constant, 
namely,  1  :1.90.  That  is  to  say,  even  though  one  foot  had  become  much  less 
vascular  than  the  other,  the  ratio  of  blood  flowing  to  the  hands  and  feet  was 
maintained  at  its  usual  level,  thus  showing  that  the  blocking  of  the  vascular 
path  to  one  leg  was  associated  with  a  reciprocal  dilatation  of  the  path  to  the 
other  leg,  so  that  the  normal  partition  of  the  blood  between  the  legs  and  the 
rest  of  the  body  was  scarcely  disturbed.  This  indicates  that  the  blood  which 
normally  finds  its  way  through  the  two  common  iliacs  seems  eventually,  when 
the  main  part  of  the  path  from  the  one  common  iliac  is  blocked,  still  to  find 
its  way  through  the  one  which  remains  pervious,  room  being  made  for  the  ad- 
ditional quantity  of  blood  by  vasodilatation.  It  is  further  suggested  that  this 
adjustment  occurs  in  such  cases  so  that  there  may  be  no  interference  with  the 
elimination  of  heat  by  way  of  the  extremities.  A  certain  amount  of  cooling  has 
to  be  effected  through  the  extremities,  and  if  the  circulation  through  one  of 
these  should  be  curtailed,  then  that  through  the  other  must  become  reciprocally 
increased.  This  adjustment  in  chronic  cases  would  not  probably  be  evident 
when  acute  curtailment  of  the  blood-supply  to  one  limb  is  produced  by  ligation 
or  amputation. 

An  interesting  case  given  in  detail  is  the  one  of  heuiatonia  in  the  axilla. 
The  hematoma  was  due  to  a  gunshot  wound.  The  pulse  was  distinctly  less  on 
the  injured  side,  and  nutritional  changes  in  the  hand  raised  the  question  as  to 
whether  there  existed  a  degeneration  of  branches  of  the  brachial  plexus,  or 
whether  the  flow  was  merely  mechanical,  due  to  pressure  of  the  hematoma  on 
the  artery  or  vein.  By  testing  the  vasomotor  reflexes  it  was  found  that  the 
cause  was  mechanical  and  not  due  to  vasoconstriction.  It  was  also  important 
to  decide  in  this  case  whether  the  curtailment  of  flow  had  become  so  marked 
as  to  indicate  surgical  interference,  in  order  to  prevent  the  onset  of  gangrene. 
It  was  found  that  there  was  enough  blood  in  the  hands  (5.32  gm.  per  100  c.c. 
per  minute  for  the  right,  with  a  ratio  of  1  :2.77).  Five  days  later  the  ratio  was 
unchanged,  so  that  the  cause  could  scarcely  have  been  vasomotor.  One  hun- 
dred and  ten  days  later  the  right  hand  had  risen  to  9.3  gm.  with  a  ratio  of  1 :1.24, 
indicating  that  great  improvement  in  the  blood-flow  had  taken  place,  \\ilh- 
out  the  information  furnished  by  the  blood-flow  measurements  it  wiuild  have 
been  impossible  to  tell  by  palpation  of  the  pulse  whether  in  lliis  case  surgical 
interference  was  justified. 

Diseases  of  the  Nervous  System. — The  effect  of  neuritis  on  the  flow  varies 
with  the  duration  of  the  case.     In  cases  of  early  peripheral  unilateral  neuritis 
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there  was  an  increase  of  flow  hringing  the  ratio  between  the  two  hands  to  1  :1.34, 
with  the  greater  flow  on  the  diseased  side.  Thouj^di  the  vasoconstrictor  re- 
flexes were  as  great  as  normal,  yet  they  were  evanescent  in  character.  These 
results  are  interpreted  as  being  due  to  a  partial  paralysis  of  the  vasoconstrictor 
fibers  in  the  inflamed  nerve.  Similar  vasoconstrictor' paralysis,  as  we  have  seen, 
may  also  be  caused  by  pressure  of  an  aneurysm  on  the  brachial  plexus.  In 
neuritis  of  long  standing  the  flow  was  cut  down,  the  ratio  becoming  1  :1.43,  with 
the  greater  flow  on  the  healthy  side.  The  changes  here  are  probably  due  to 
anatomical  alterations  in  the  lumen  of  the  tube,  perhaps  a  thickening  of  the  in- 
tima,  as  had  previously  been  suggested  by  W'ingate  Todd.  In  a  case  of  motor 
neurone  disease  without  any  involvement  of  the  sensory  skin  nerves  the  flow 
was  normal,  and  the  reflexes  well-marked.  The  conclusion  is  that  involvement 
of  the  muscle  nerve  does  not  interfere  with  blood-flow  to  anything  like  the  same 
degree  as  does  involvement  of  the  skin  nerve,  the  blood-flow  through  the  skin 
being  relatively  more  important  than  that  through  the  muscles. 

Hemiplegia. — A  deficiency  of  blood-flow  of  the  paralyzed  side,  var}'ing  how- 
ever in  degree,  was  usually  observed,  and  the  ratio  may  be  1  :1.4  in  favor  of 
the  healthy  side.  The  vasomotor  reflexes  were  found  to  be  altered,  the  most 
usual  change  being  that  vasoconstriction  was  more  easily  produced  than  vaso- 
dilatation ;  indeed,  in  some  cases  there  was  observed  an  abnormal  tendency  to 
vasoconstriction. 

Tabes  dovsalis. — The  flow  was  distinctly  diminished,  especially  in  the  feet, 
although  also  in  the  hands,  and  the  vasomotor  reflexes  were  also  quite  feeble. 
Sometimes  there  was  inequality  in  the  flow  of  the  two  hands,  which  however 
need  not  necessarily  indicate  a  unilateral  lesion  of  the  cord  in  the  cervical  re- 
gion. In  the  discussion  of  these  cases  Stewart  points  to  the  value  of  the  method 
in  the  detection  of  malingering.  He  cites  the  case  of  a  patient  in  whom  malin- 
gering was  suspected,  but  in  whom  an  examination  of  blood-flow  revealed  so 
small  a  foot-flow^  as  to  make  it  very  probable  that  an  actual  pathological  con- 
dition existed.  Total  absence  of  the  vasomotor  reflexes  confirmed  the  diag- 
nosis of  tabes  dorsalis  as  did  also  the  further  progress  of  the  case. 

— /.  /.  R.  M. 
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Concentration  of  Protective  or  Curative  Bodies  in  Antisera 

PASSIVE  immunity,  which  may  be  of  great  importance  in  the  prevention  or 
treatment  of  disease,  depends  on  the  fact  tliat  the  serum  of  an  animal  that 
lias  been  actively  immunized  against  a  given  microorganism  contains  certain 
principles  which  are  able  to  protect  another  animal  that  is  given  an  injection 
of  this  immune  serum.  This  principle,  first  demonstrated  by  Richet  and  Heri- 
court  in  1888,  became  at  once  of  extreme  importance  following  the  experiments 
of  von  Behring  and  Kitasato  who  demonstrated  that  the  serum  of  rabbits  that 
had  been  immunized  with  diphtheria  toxin  contains  a  substance  that  neutralizes 
that  toxin  and  thereby  cures  animals  that  are  suffering  from  the  effect  of  such 
toxin.  In  the  sera  of  animals  immunized  against  other  bacteria  or  bacterial 
products,  it  has  since  been  shown  that  various  immune  bodies  other  than  anti- 
toxins are  present,  such  as  lysins,  agglutinins,  tropins,  and  the  like.  These  latter 
substances  have  an  affinity  for,  as  well  as  a  harmful  action  against,  the  various 
microorganisms  that  have  been  employed  to  produce  them,  and  in  many  in- 
stances give  great  therapeutic  results.  It  is  probable  that  failure  to  produce 
better  results  is  due  in  a  large  part  to  the  failure  to  understand  the  best 
method  of  producing  these  antisera,  and  particularly  to  the  failure  to  appreciate 
the  best  method  of  administering  them.  This  becomes  evident  when  w^e  con- 
sider the  very  striking  results  that  have  been  obtained  with  at  least  one  such 
serum — antimeningitis  serum — described  by  Wassermann  and  particularly  util- 
ized by  Flexner  who  obtained  remarkable  results  following  the  intraspinal  in- 
jection of  the  serum  in  epidemic  meningitis. 

One  of  the  important  lines  of  future  progress  in  the  employment  of  ther- 
apeutic immune  sera  lies  in  the  methods  of  concentrating  the  active  principles 
of  the  serum.  The  antitoxins,  antimeningitis  serum,  and  the  like,  are  produced 
by  immunizing  large  animals  with  the  filtrates  or  cultures  of  the  bacteria  that 
they  are  to  be  used  against,  but  it  is  often  necessary  to  employ  relatively  large 
doses  of  the  serum  of  such  immunized  animals  to  produce  the  desired  results. 
Antisera  of  this  type  being  derived  usually  from  the  horse  are  not  entirely  with- 
out untoward  or  even  dangerous  effects  when  injected  into  human  beings,  be- 
cause they  are  foreign  proteins  and  we  know  that  the  body  reacts  in  certain 
definite  ways  to  the  injection  of  foreign  proteins.  Foreign  proteins,  when  they 
are  not  split  in  the  intestinal  canal  for  further  assimilation,  but  injected  par- 
enterally,  may  give  rise  to  delayed  symptoms,  such  as  pains  in  the  joints  and 
an  urticarial  eruption.  A  second  injection  of  such  a  foreign  protein  may  give 
rise  to  an  immediate  reaction,  which  is  known  as  anaphylactic  shock,  character- 
ized by  respiratory  symptoms,  and  in  some  cases  by  sudden  death. 

The  concentration  and  purification  of  these  immune  sera,  then,  would  bring 
about  two  desirable  results.  It  will  lirst  of  all  remove  a  large  percentage  of 
those  proteins  in  tlie  foreign  serum  which  do  not  contain  the  antibodies,  and 
secondly  will  concentr.-ite  those  remaining  proteins  which  are  found  to  contain 
the  active  therapeutic  principles  that  it  is  desired  to  utilize.  The  Gibson  method 
of  concentrating  antitoxins  is  a  chemical  means  of  I'jroducing  these  desiderata. 
This  method,  which  is  currently  employed  for  concentrating  diphtheria  anti- 
toxin, consists  in  precipitating  out  tlie  globules  of  antitoxic  serum  from  the 
horse  by  means  of  one-half  saturation  with  ammonium  sulphate  and  further  re- 
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moving  the  glubulins  that  are  not  soluble  in  a  saturated  solution  of  sodium 
chloride  which  leaves  behind  the  globulins  that  contain  practically  all  the  anti- 
toxins. Antitoxins  prepared  in  this  manner  may  be  greatly  concentrated  so 
that  one  cubic  centimeter  will  contain  many  times  the  number  of  antitoxic  units 
that  are  present  in  one  cubic  centimeter  of  the  original  serum,  and  the  anti- 
toxic globulins  prepared  in  this  way  furthermore  do  not  seem  to  contain  the 
irritative  substances  of  the  horse  serum  which  give  rise  to  urticaria. 

It  was  further  shown,  however,  by  Banzhafif  and  Gibson^  that  the  globulins 
are  increased  during  immunization  of  horses  against  diphtheria  toxin  and  they 
have  found  that  the  globulins  which  contain  the  antitoxin  rise  from  60  to  90 
per  cent  of  the  total  globulins  present.  So  in  employing  the  concentrated  serum, 
although  one  avoids  the  injection  of  the  total  amount  of  protein  in  the  cor- 
responding original  serum,  yet  a  relatively  large  amount  of  foreign  globulin  is 
introduced. 

Another  method  of  concentrating  the  antibodies  of  immune  serum  might 
be  devised  by  using  the  specific  precipitin  reaction.  This  reaction,  as  is  well 
known,  depends  on  a  peculiar  property  that  an  immune  serum  derived  from 
immunizing  animals  with  bacteria,  or  with  soluble  foreign  protein  substances, 
contains  a  body  known  as  a  precipitin  which,  when  the  serum  is  mixed  with 
antigen,  gives  rise  to  turbidity,  floccillation  and  the  formation  of  a  precipitate. 
This  test  is  most  frequently  employed  in  medico-legal  tests  for  human  blood 
where  it  has  proved  most  valuable.  It  was  originally  suggested  by  Kraus  in  a 
combination  of  bacterial  extract  and  its  corresponding  immune  serum.  Con- 
sidering the  question  of  an  immune  serum  derived  from  the  horse,  we  may 
produce  a  precipitate  either  by  adding  an  extract  of  the  bacterial  substance 
that  had  given  rise  to  this  serum  to  it,  or  by  adding  to  such  a  serum  the  serum 
of  another  animal,  let  us  say  a  rabbit,  that  had  been  immunized  against  horse 
serum.  In  the  first  of  these  cases  the  immune  serum  acts  as  a  precipitin,  namely, 
w'hen  the  precipitinogen  is  added  in  the  form  of  a  bacterial  extract ;  in  the 
other  case  the  horse  serum  acts  as  the  precipitinogen.  In  both  cases  a  precip- 
itate is  produced,  but  the  amount  of  horse  serum  necessary  to  produce  the  max- 
imum precipitate  varies  greatly  in  the  two  types  of  reaction.  \Mien  the  im- 
mune sera  acts  as  a  precipitin  it  mav  be  added  in  excess,  but  when  the  immune 
sera  is  the  precipitinogen  it  must  be  added  in  relatively  dilute  form  to  produce 
the  maximum  precipitate. 

That  reactions  of  this  type  may  be  of  practical  importance  in  concentrat- 
ing the  curative  properties  of  immune  sera  was  first  shown  by  Dehne  and  Ham- 
burger- who  added  rabbit  antiserum  to  antitoxins  from  the  horse  and  found 
that  the  antitoxin  was  brought  down  in  the  precipitate  thus  formed.  These  ex- 
periments were  made  with  tetanus  antitoxin  and  similar  ones  with  diphtheria 
antitoxins  by  Atkinson  and  Benzhafif.^  Such  results,  while  of  great  theoretical 
mterest,  are  not  of  practical  significance  in  concentrating  antitoxins,  owing  to 
the  fact  that  the  antitoxins  are  brought  down  only  when  great  excess  of  rabbit 
antihorse  serum  is  added,  which  would  preclude  the  practical  use  of  this  method 
for  the  concentration  of  large  amounts  of  horse  serum. 

The  reverse  of  this  reaction  has  been  shown  to  be  possible  in  at  least  one 
combination,  by  the  work  of  Gay  and  Chickering*  who  found  that  those  sub- 
stances which  protect  animals  against  infection  by  means  of  pneumococcus  pres- 
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ent  in  the  sera  of  horses  immunized  against  this  organism  may  be  concentrated 
in  the  precipitate  produced  by  adding  an  extract  of  pneumococcus  to  this  horse- 
antipneumococcus  serum.  In  such  a  reaction,  as  will  be  seen,  the  component 
necessary  in  excess  is  the  immune  serum  (precipitin)  and  for  this  reason  large 
amounts  of  such  immune  serum  can  be  completely  precipitated  by  adding  rela- 
tively small  quantities  of  the  extract  of  pneumococcus.  These  precipitates  are 
found  in  the  experiments  of  Gay  and  Chickering  and  later  by  Chickering,^  to 
contain  practically  all  the  protective  antibodies  of  the  original  serum,  and  more- 
over to  contain  relatively  small  amounts  of  protein  as  compared  with  the  origi- 
nal serum,  often  as  little  as  1/30  or  1/50  of  the  protein  of  the  original  serum 
in  aliquot  parts.  It  is  evident  that  these  protective  bodies  are  simply  adherent 
in  some  mechanical  way  to  the  precipitate  for  they  can  be  leached  out  from 
the  precipitate  by  dilute  sodium  carbonate  at  42°.  This  relatively  pure  anti- 
body solution  of  low  protein  content  is  now  being  tried  in  the  place  of  the 
original  serum  in  the  treatment  of  some  cases  of  pneumonia  with  apparent 
promise  of  as  good  results  as  those  obtained  with  the  original  serum. 

These  observations  on  the  concentration  of  antibodies  in  pneumococcus  serum 
naturally  led  the  author  to  further  studies  of  other  antibodies  of  various  sorts. 
The  first  report  on  these  studies  will  shortly  appear  in  the  Journal  of  Immun- 
ology, but  it  may  be  stated  that  they  have,  so  far,  been  rather  discouraging  and 
it  would  seem  that  the  case  with  pneumococcus  serum  is  the  exception  rather 
than  an  example  of  a  general  law.  It  may  well  be,  however,  that  the  method 
employed  with  other  types  of  antiserum  has  not  been  the  one  best  adapted  to 
produce  the  results  desired.  At  least  other  attempts  are  indicated  in  this  field 
which  may  lead  not  only  to  practical  results  but  to  results  of  great  theoretical 
interest  when  one  considers  the  possibility  of  studying  antibodies  in  perhaps  the 
purest  form  in  which  they  have  been  obtained. 

—F.  P.    G. 
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Diphtheria  Carriers 

A  RECENT  investigation  of  diphtheria  carriers  in  Detroit  is  reported  by  Gold- 
berger,  Williams  and  Hachtel,  in  Bulletin  No.  101.  of  the  Hygienic  Lab- 
oratories, of  the  United  States  Public  Health  Service.  The  problem  of  diph- 
theria carriers  has  become  one  of  considerable  importance  and  has  been  given 
special  prominence  of  recent  years  by  the  studies  of  von  Scholly,  Moss,  and 
Nuttall  and  Graham  Smith.  The  writers  of  the  report  mentioned  above  studied 
4,093  people  in  the  city  of  Detroit,  and  found  that  0.928  per  cent  harbored  bacil- 
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li  idenlical  morpholog-ically  \\\\.\\  the  Klebs-Loeffler  bacillus.  This  figure  is 
rather  lower  than  those  of  some  other  investigators,  liul  wcjuld  indicate,  as 
stated  by  the  writers,  that  there  were  from  5,000  to  6,000  diphtheria  carriers  in 
the  city  of  Detroit. 

Of  19  cultures  isolated  from  19  of  the  carriers,  only  two  were  virulent, 
which  would  indicate  that  only  0.097  per  cent  of  the  people  examined  carried 
organisms  capable  of  producing  disease.  An  interesting  further  point  is  that 
the  bacillus  Hoffmanii  was  present  in  at  least  41.9  per  cent  of  over  2,000  indi- 
viduals examined,  and  that  the  49  cultures  morphologically  identified  as  bacillus 
Hoffmanii  were  avirulent.  This  would  confirm  the  impression  gained,  we  be- 
lieve, by  most  experienced  laboratory  workers,  that  a  true  Hoffmanii  can  be 
distinguished  with  considerable  certainty  from  a  Klebs-Loeffler  bacillus  by  mor- 
phological examination  alone,  and  that  its  significance  is  probably  that  of  a 
frequently  present  saprophyte  of  the  throat  and  pharj-nx.  The  studies  of  Gold- 
berger,  Williams  and  Hachtel  also  indicate  that  in  examining  for  diphtheria  car- 
riers, it  is  best  not  to  confine  oneself  either  to  the  nose  or  throat,  but  that  cul- 
tures should  be  taken  from  both  places  in  every  case. 

—H.  Z. 


Erratum 

IN  the  January  issue  of  the  Journal  in  the  article  by  Dr.  Roger  S.  Morris 
on  "Methods  for  the  Determination  of  Glucose  in  the  Blood"  the  first  sen- 
tence on  page  254 — "For  example,  21  c.c.  of  blood  filtrate,  representing  3  c.c. 
of  blood,  gave  a  titration  of  5.5  c.c.  ^  permanganate,"  should  read  as  fol- 
lows: "For  example,  21  c.c.  of  blood  filtrate,  representing  3  c.c.  of  blood,  gave 
a  titration  of  5.5  c.c.   ^     permanganate." 
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OBSERVATIONS  ON  TYPHOID  FEVER  IN  DETROIT 


By  Henry   F.  Vaughan,   Epidemiologist,   axd   W.   Frank   Walker,   Sanitary   Engineer, 

Detroit  Board  of  Health. 


THE  City  of  Detroit  located  on  the  Detroit  River  just  below  Lake  St.  Clair 
covers  an  area  of  approximately  47  square  miles.  The  United  States 
Census  estimate  of  population  for  1915  was  554,717.  There  is  reason  to  be- 
lieve, however,  that  the  true  population  is  somewhat  in  excess  of  this  figure. 
This  is  based  on  the  fact  that  Detroit's  growth  for  the  last  decenial  period  was 
not  uniformly  distributed;  approximately  60  per  cent  of  the  increase  occurring 
between  the  years  of  1906  and  1910.  This  growth  parallels  the  growth  of  the 
automobile  industr}'  in  the  city.  Because  of  this  irregular  increase,  the  incre- 
ment based  upon  the  average  increase  for  the  last  decade  and  used  in  making 
up  the  United  States  Census  estimate  is  too  low.  A  census  taken  by  the  Water 
Board,  based  upon  the  number  of  families  multiplied  by  a  factor,  which  has 
been  found  by  comparison  with  the  United  States  Census  to  be  fairly  reliable 
gives  the  population  for  1915  as  673,498. 

The  average  width  of  the  river  at  Detroit  is  2,200  feet,  with  an  average 
depth  of  37  feet.  The  flow  of  the  river  as  estimated  by  the  United  States  Engi- 
neers is  209,000  cubic  feet  per  second.  Gaugings  show  that  approximately  65,- 
000  cubic  feet  per  second  flow  through  the  American  channel.  The  river  near 
its  head  receives  the  flow  of  Connors  and  Fox  Creeks  which  furnish  respectively 
780  and  150  cubic  feet  per  second  at  times  of  flood. 

Practically  the  entire  lake  traffic  passes  through  the  Detroit  River,  the  num- 
ber of  vessels  being  about  38,000  annually  with  a  net  tonnage  of  63,000,000  of 
which  about  3,000.000  have  Detroit  as  their  destination.  Of  the  15,000,000  peo- 
ple carried  annually  by  passenger  steamers  on  the  Great  Lakes,  very  nearly 
10,000,000  are  carried  by  boats  operating  out  of  Detroit.  Of  these  10.000.000 
of  people  nearly  4,000.000  arc  carried  on  boats  running  to  cities  or  resorts  at 
some  distance  from  Detroit  either  up  or  down  tlie  ri\er.    The  remain*ng  6,000,000 
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are  carried  by  the  ferry  boats  plying  between  Detroit,  Belle  Isle  and  Windsor. 

Thus  Detroit's  position  is  unapproached  by  any  other  city  on  the  Great  Lakes. 

The  climate  of  Detroit  is  that  of  the  lower  Great  Lakes  Region  with  a  mean 
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annual  temperature  of  48.2°  F.  with  variations  between  24.4°  F.  for  February 
and  72.1°  F.  for  July,  the  greatest  daily  variation  being  about  34.°  F.  The 
mean  annual  precipitation  is  given  as  32  inches,  with  a  minimum  monthly  aver- 
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age  of  2.09  inches  for  January  and  a  maximum  monthly  average  of  3.64  inches 
for  June,  the  maximum  for  any  one  day  being  4.57  inches.  Wind  velocities  of 
40  miles  per  hour  are  not  uncommon,  the  average  being  about  13  with  a  maxi- 
mum of  86.  The  general  direction  of  the  hard  winds  is  from  the  West  or  North- 
west. 

Generai,  H1CA1.TH   Conditions. 

The  following  table  gives,  by  years,  the  death  rate  per  100,000  in  Detroit 
from  typhoid  fever,  scarlet  fever  and  diphtheria : 

Ykar  T\ 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 

It  will  be  seen  that  in  1914  there  was  a  reduction  from  1913  in  diphtheria 
of  48  per  cent,  typhoid  fever  53  per  cent  and  scarlet  fever  55  per  cent.  Like- 
wise 1915  shows  a  marked  reduction  over  the  year  immediately  preceding.  At 
this  time  the  activities  of  the  Health  Department  were  materially  extended  and, 
it  is  believed,  the  efficiency  greatly  increased  by  the  application  of  new  methods. 
It  is  of  interest  to  note  at  this  point  the  relationship  existing  between  the  addi- 
tion of  hypochloride  of  lime  to  the  water,  the  application  of  other  preventative 
means  for  the  control  of  typhoid  fever,  and  the  number  of  deaths  by  months. 
Referring  to  Fig.  16  it  appears  that  the  number  of  deaths  from  this  disease  con- 
tinued to  increase  after  the  addition  of  the  disinfectant  to  the  water  supply.  V\^e 
might  possibly  have  had  a  much  higher  death  rate  had  this  form  of  treatment 
been  omitted  but  still  it  seems  reasonable  to  believe  that,  had  tlie  greater  ])art 
of  the  typhoid  fever  at  that  time  been  due  to  the  water  supply,  there  would  have 
appeared  a  reasonable  reduction  in  tlic  numbers  of  deaths  during  the  months  im- 
mediately following  that  date.  The  reduction  of  typhoid  did  not  take  place  until 
1914  during  which  year  vigorous  efiforts  were  made  to  prevent  contact  infec- 
tion, river  water  infection,  boat  infection,  milk  and  fond  infection,  etc.  It  was 
at  this  same  time  that  the  reduction  became  ajij-jarent  in  diphtheria  and  scarlet 
fever  due  to  extensive  preventive  measures.  The  infant  mortality  rate  was  like- 
wise reduced  from  136.4  per  1,000  births  in  1913  to  120.4  in  1914  and  104.6  in  1915. 

A  sanitary  survey  of  the  city  made  in  1913  disclosed  some  six  thousand 
privy  vaults  witliin  the  city  limits.  The  role  that  these  insanitary  fixtures  are 
capable  of  phning  in  the  spread  of  typhoid  fever  is  well  known.     This  has  been 
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amply  demonstrated  by  the  board  of  medical  officers  in  1898  and  likewise  by  the 
reduction,  from  over  100  deaths  per  100,000  in  1910  to  less  than  30  in  1912, 
from  typhoid  fever  in  Jacksonville,  Florida,  through  the  passage  and  enforce- 


FIG.  2. 

ment  of  a  sanitary  privy  law.     In  Detroit,  privy  vaults  have  been  removed  and 
sanitary  toilets  installed  as  follows : 

1911—1912  492 

1912—1913  1,839 

1913—1914  1.490 

1914—1915  1,340 
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There  are  now  probably  less  than  2,000  remaining  in  the  city  and  these  are 
being  replaced  as  rapidly  as  time  will  permit. 

During  the  past  summer  an  extensive  antifly  campaign  was  maintained  un- 
der the  jurisdiction  of  the  Board  of  Health  in  which  some  four  thousand  boys 
participated.  The  city  w^as  divided  into  six  hundred  small  districts  and  each 
boy  was  given  a  map  of  his  district,  literature  and  rules,  and  was  made  re- 
sponsible for  his  block  or  group  of  blocks.  This  campaign  aimed  rather  at  the 
prevention  of  flies  by  destroying  the  breeding  places  than  at  the  extermination 
of  great  numbers. 

Sources  of  Infection. 

In  order  to  obtain  uniform  and  complete  data  with  regard  to  each  case  of 
typhoid  fever  reported  to  the  Health  Department,  the  usual  form  of  investiga- 
tion card  has  been  adopted.  The  following  items  are  included :  name,  address, 
sex,  color,  nativity,  occupation,  visitors,  visits  made;  date  of  first  symptom,  date 
of  taking  bed,  date  of  doctor's  first  call,  doctor,  date  reported;  schools,  number 
in  family,  adults,  children,  servants;  previous  typhoid  histories  and  dates,  per- 
sonal contact,  at  home,  at  business,  in  cars ;  sanitation ;  milk ;  drinking  water, 
present,  2  to  3  weeks  before  sick ;  ice ;  fresh  vegetables,  oysters  and  food,  dealer's 
name ;  hospital ;  tests  and  results ;  termination ;  length  of  time  in  city ;  previous 
residence;  boat  and  other  excursions  during  the  past  month,  date,  locality,  and 
drinking  water ;  associates  on  excursions,  their  histories ;  bathing  places  and 
dates ;  visits  to  hospitals,  etc. 

The  results  have  been  found  far  more  trustworthy  when  obtained  by  assign- 
ing one  especially  instructed  investigator  to  the  typhoid  work  than  by  relying 
upon  the  district  nurse  to  obtain  the  information  in  the  course  of  her  other  duties. 
This  same  nurse  likewise  instructs  the  members  of  the  household  regarding  the 
care  of  the  patient  and  makes  the  necessary  demonstrations  to  assure  the  carry- 
ing out  of  all  disinfections.  Literature,  amply  illustrated,  is  provided  describing 
the  cause  and  methods  of  prevention. 

Up  until  the  spring  of  1914  typhoid  fever  was  not  sufficiently  reported  in 
Detroit  to  justify  any  extensive  epidemiological  studies.  At  that  time  through 
the  medium  of  the  leading  newspapers  which  printed  appropriate  charts  and  dia- 
grams on  their  first  pages  and  by  court  action,  suitable  publicity  was  given  to  the 
subject  with  the  result  that  during  the  eighteen  month  period,  July  1,  1914,  to 
January  1,  1916,  there  have  been  884  cases  brought  to  the  attention  of  the  Health 
Department.  The  majority  of  these  were  reported  by  the  attending  physicians 
and  a  few  were  picked  up  by  the  investigating  nurse.  The  accompanying,  table 
(Fig  3)  gives  the  number  of  cases  and  deaths  by  months. 

Dr.  Wm.  H.  Price,  Health  Officer,  in  the  January.  191  d.  bulietin  states :  "Dur- 
ing 1915,  50  per  cent  of  deaths  reported  as  typhoid  fever  had  not  i)rcviously  been 
reported  as  cases.  Failure  of  these  reports  cripples  the  Board  of  Health  both 
in  taking  of  necessary  measures  for  sanitary  control  and  in  providing  accurate 
information  for  formulating  a  city  policy  relative  to  water  supply  and  sewage 
disposal.  The  Board  of  Health  has  attempted  through  publicity,  personal  in- 
terviews and  prosecutions  to  correct  this  failuiT  of  rc[)orts  both  regarding  typhoid 
fever  and  other  reportable  diseases." 
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It  has  been  our  aim  to  make  a  detailed  analysis  of  the  history  of  each  ca^e 
and  from  sucii  a  study  to  draw  a  conclusion  as  to  the  probable  source  of  infec- 
tion. In  337  cases,  or  38  per  cent  of  the  instances,  we  were  unable  to  ascribe 
any  particular  source.  As  in  the  compilation  of  mortality  statistics  it  is  a  diffi- 
cult problem  to  select  a  single  cause  of  death   from  two  or  more  causes  simul- 
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taneously  reported  by  the  physician,  it  is  likewise  not  a  simple  matter  to  assign 
with  certamty  a  specific  source  of  typhoid  fever  infection  in  every  instance. 
Consequently  this  has  been  done  only  in  those  cases  in  which  the  evidence  is 
most  conclusive.  The  accompanying  chart  (Fig.  4)  shows  the  per  cent  of  each 
month's  total  typhoid  attributed  to  each  specific  source. 

Outside. — This  refers  especially  to  nonresidents  who  come  to  Detroit  sick, 
or  who  are  taken  sick  at  the  proper  time  after  their  arrival.  I^umsden  and  An- 
derson report:  "As  the  incubation  period  of  typhoid  fever  is  by  no  means  sharp- 
ly defined,  it  is  not  possible  to  determine  exactly,  from  a  consideration  of  the 
element  of  time  alone,  on  what  day  or  within  what  period  of  even  ten  days 
the  infection  has  been  contracted  in  a  particular  case;  but,  since  in  the  vast 
majorit)  of  cases,  certainly,  the  infection  is  contracted  at  some  time  within 
a  period  of  thirty  days  prior  to  onset  of  illness  and  in  a  considerable  majority 
probably  at  some  time  within  a  period  of  ten  days  ending  eight  days  before 
onset  of  illness,  the  place  of  infection  may  be  determined  with  a  reasonable 
degree  of  accuracy  in  most  instances." 

This  classification  would  include  a  case  from  Royal  Oak  brought  to  a  De- 
troit hospital ;  a  person  returning  sick  from  a  month's  outing  at  some  summer 
resort,  and  the  like.  Fig.  4  shows  this  item  to  be  rather  high  at  those  periods 
when  people  are  returning  from  their  summer  homes  and  their  outing  trips. 
The  percentage  continued  rather  high  throughout  the  entire  eighteen  months, 
due  to  the  number  of  nonresidents  who  are  brought  to  Detroit  hospitals. 

Questionable  Diagnosis. — This  includes  only  those  cases  in  which  the  evi- 
dence was  most  convincing  that  the  patient  did  not  have  typhoid  fever.  It 
Avould  be  an  endless  task  to  relate  the  evidence  on  which  each  questionable  diag- 
nosis is  based  since  this  would  require  the  submitting  of  numerous  letters  to 
physicians,  their  replies,  and  the  direct  evidence  of  nurses  and  attendants. 

Milk. — Unquestionable  evidence  of  milk  infection  was  found  in  A's  mdk 
during  the  month  of  August,  1914,  when  some  35  cases  of  typhoid  appeared  on 
his  route  within  the  city,  and  many  more  scattered  throughout  the  villages  im- 
mediately east  of  the  city  line.  His  milk  supply  was  immediately  cut  off  from 
the  city  and  the  spread  of  the  infection  ceased.  There  was  an  active  case  of 
typhoid  on  A's  farm.  Two  or  three  instances  of  milk  infection  appeared  later 
•on  the  west  side  of  the  city.  It  is  believed  that  the  compulsory  pasteurization  of 
all  milk,  which  action  took  effect  in  May,  1915,  has  practically  eliminated  all 
possible  source  of  milk  infection. 

River. — Most  of  the  commercial  enterprises  situated  along  the  river  front 
have  a  dual  water  system,  obtaining  their  supply  both  from  the  city  mains,  this 
water  having  undergone  the  chlorination  process  of  treatment,  and  directly  from 
the  river.  Their  river  intakes  are,  scarcely  without  exception,  located  immedi- 
ately below  some  of  the  large  city  sewers,  consequently  the  water  is  highly 
charged  with  the  colon  bacillus,  unoxidized  organic  matter  and  probably  with 
some  specific  pathogenic  organisms. 

The  results  of  a  survey  made  among  these  factories  appear  elsewhere  in 
this  report.  In  not  a  few  instances  wholesale  outbreaks  of  dysentery  among  the 
employees,   and  many   cases  of  typhoid   have  been   traced  to   raw    river   water. 
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This  source  of  infection  was  unusually  severe  during  December,  1914,  when  it 
was  found  at  one  of  the  manufacturing  plants  that  the  employees  were  provided 
Avith  river  water  in  all  the  wash  rooms  and  that  the  only  available  supply  in  the 
boiler  room  was  from  this  source. 

Boats. — This  includes  primarily  cases  from  the  Marine  Hospital,  sailors 
w'ho  have  been  taken  sick  on  boats  and  removed  therefrom  at  Detroit.  There 
is,  of  course,  some  question  as  to  whether  this  ought  not  be  placed  under  the 
heading  "Outside"  but  it  has  been  thought  advisable  to  attempt  to  subdivide 
further  and  charge  the  boats  with  their  fair  portion.  Some  cases  are  charged 
against  this  class  in  instances  where  two  or  three  friends  have  taken  boat  trips, 
afterward  developing  typhoid,  and  we  have  positive  knowledge  that  the  boat 
in  question  carried  a  polluted  water  supply. 

During  the  month  of  September.  1915,  there  were  reported  14  cases  charged 
against  the  boats.  Twelve  of  these  14  cases  were  memibers  of  a  naval  reserve 
squad  which  cruised  to  Erie,  Pa.,  and  Buffalo,  X.  Y.  Numerous  cases  developed 
in  other  cities  among  the  members  of  the  crew.  The  epidemic  was  investigated 
by  the  Public  Health  Service  and  the  efforts  of  the  Detroit  Health  Department 
were  confined  to  the  prevention  of  secondary  cases. 

Oysters. — During  the  latter  part  of  1915  there  were  reported  three  cases 
in  which  the  evidence  proved  most  conclusively  that  oysters  had  been  the  cause 
of  the  infection. 

Contact. — This  item  includes  unquestionable  cases  of  direct  contact  such 
as  infection  received  by  brothers  and  sisters  from  other  members  of  the  im- 
mediate family ;  landladies  who  have  taken  care  of  boarders  sick  with  the  dis- 
ease, etc.  It  does  not  include  any  chance  contact  by  indirect  means,  as  for  ex- 
ample, fly  contact.  Contact  appeared  but  slightly  during  the  summer  but  found 
a  very  prominent  place  in  the  autumnal  typhoid. 

Contact  infection  is  the  most  common  mode  in  the  distribution  of  typhoid, 
the  medical  board  of  officers  in  1898  having  placed  the  percentage  at  62.8,  while 
Drigalski,  some  nine  years  later,  gave  for  Germany  64.7  per  cent.  The  board 
further  divides  contact  as  follows:  direct,  35.01  ;  indirect,  27.79  per  cent.  It  is  un- 
doubtedly true  that  had  our  information  in  many  instances  been  more  complete, 
the  percentage  of  contact  cases,  including  indirect,  would  have  been  much  higher. 

Information  Insitfficient. — This  class  includes  those  cases  in  which  we  were 
unable  to  procure  sufficient  information  to  specify  any  direct  source  of  the  dis- 
ease. However,  it  is  highly  possible  that  had  we  been  able  to  obtain  more  his- 
tory regarding  the  case,  it  might  have  been  placed  under  one  of  the  other  seven 
classifications. 

Frequently  the  wrong  address  is  given  when  a  case  is  reported,  or  the  "sick" 
person  has  moved.  Often  it  was  found  impossible  to  converse  with  the  person 
interviewed  or  possibly  the  latter  didn't  care  to  understand.  In  case  a  death  has 
not  previously  been  reported  as  a  case,  it  is  difficult  to  ol^tain  sufficient  informa- 
tion from  the  friends  or  relatives  of  the  deceased. 

Geographical  Distribution. 

Figs.  5  to  11,  inclusive,  classified  as  to  source  of  infection,  show  the  dis- 
tribution of  typhoid  instances  thrnughi^ut  the  city.     Fig.  5   shows  the  cases  in 
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which  the  infection  was  obtained  outside  of  the  city.  As  would  be  expected  they 
appear  scattered  about  the  more  well-to-do  sections  of  the  city.  A  comparative 
study  of  the  maps  showing  the  distribution   of  infant  births,  tuberculosis  and 
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pneumonia,  shows  a  decided  dissimilarity.  Typhoid  fever  has  not  been  as  marked 
m  those  districts  in  which  crowded  conditions  exist— the  dirtier  districts  in  which 
the  people  are  accustomed  to  remain  at  home  and  do  comparatively  little  travel- 
mg.     These  are  the  districts  in  which  the  density  of  population  is  the  greatest. 
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.•  n  to  this      Durin-  the  warm  months  it  appears  that 
Fig.  11  is  the  one  exception  to  this.    .^^"  -  ^^^^    ^.^.^th,  ninth  and 

a  considerable  portion  of  the  cases  existed  ^^J^^^^;  ;^  ^^^,       ^een  out- 

eleventh  wards.     These  were  cases  which  ga^e  no  hi^to  , 


in  the  spread  of  this  infection. 
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F'ig.  7  is  of  considerable  interest  in  showing  the  needless  havoc  that  may 
be  wrought  l)y  a  single  milk  producer.  This  shows  only  a  small  portion  of  the 
cases  which  resulted  from  the  infection  of  this  milk  supply,  as  many  other  cases 
lived  in  the  villages  immediately  adjoining  the  city  to  the  east. 


d 

I— I 


Sex. 


The  accompanying  chart  (Fig.  12)   shows  the  percentage  of  cases  in  males 
occurring  during  the  first  twelve  months  of  the  study.     As  might  be  expected 
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the  percentage  among  males  is,  in  general,  higher  than  that  among  females,  prob- 
ably due  to  the  practice  of  the  former  of  eating  at  serve-selfs,  restaurants  or 
other  eating  houses  away  from  home.     However,  during  the  winter  months  the 


00 

d 
to 


number  of  cases  is  more  evenly  divided  between  the  males  and  females.  Pos- 
sibly some  other  factor  played  an  important  part  at  this  time,  some  food  or 
drink  used  pretty  generally  by  both  the  sexes. 
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Age. 

Fig.  13  shows  the  distribution  of  cases  among  persons  in  the  different  age 
groups,  according  to  months  of  onset  of  illness  and  sources  of  infection.     Fig. 


d 


14  shows  the  percentage  of  cases,  by  months,  furnished  by  persons  in  different 
decades  of  life. 

Of  the  cases  occurring  in  January,  children  under  ten  years  of  age  appear 
to  have  furnished  28.5  per  cent  of  the  disease.     In  winter  outbreaks  caused  by 
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infection  conveyed  by  a  public  water  supply,  the  percentage  of  instances  among 
children  under  ten  years  of  age,  who  with  adults  would  be  equally  exposed,  has 
been  found  to  be  between   15  and  20.     The  high  percentage  would  look  rather 


suspicious  but  on  further  analysis  of  Fig.  13  wc  find  that  of  the  six  cases  con- 
stituting 28.5  per  cent  of  the  January  total.  5.  or  83  per  cent,  have  been  assigned 
some  definite  classification.  Four  of  these  cases  were  error  in  diagnosis  which, 
eliminated,  would  reduce  the  percentage  at  this  age  group  to  9.5  which  is  far 
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below  the  suspicious  mark.  The  percentage  of  cases  among  children  seems 
to  be  rather  consistent  throughout  the  year.  There  is  no  marked  increase  dur- 
ing the  warm  months  at  a  time  when  they  are  more  subject  to  general  digestive 


disturbances  than  are  adults.  Had  children  been  subject  to  the  same  infection 
as  adults  throughout  the  year  it  seems  that  we  might  have  expected  a  higher 
percentage  among  children  during  the  summer.  Evidently  there  have  been 
some  factors  especially  active  during  the  summer  months  which  have  affected 
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only  adults.  There  seem  to  have  been  comparatively  few  people  between  the 
ages  of  20  and  30  who  contracted  the  disease  during  March  and  April.  Durincf 
the  remainder  of  the  period  this  percentage  did  not  change  materially. 

TYPMOID  FEVER  STUDIEiS 
BY  AGE  6J20UPS  AND  ^OUf^CES  OF  INFECT/ON. 
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PREVAI^ElNCe. 

Fig.   15   illustrates  the  prevalence  of  typhoid   fever  divided  into  the  seven 
classifications  which  'have  already  been  described.     The  cases  are  tabulated  as 
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to  date  of  illness,  that  is,  the  dale  on  which  the  patient  went  to  bed,  which  date 
can  usually  be  recalled.  The  time  of  infection,  in  most  cases,  will  precede  the 
date  of  illness  from  about  ten  to  twenty  days. 
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Tabulation  has  been  made  of  typhoid  cases  by  race,  occupation,  sanitation 
of  homes,  etc.  Because  of  the  general  method  which  we  have  adopted  in  classify- 
ing the  sources  of  infection,  it  seems  superfluous  to  submit  these  tables  at  this 
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FIG.  15  A. 

time.  Moreover,  very  little  is  known  regarding  the  actual  distribution  of  popula- 
tion by  race  and  occupation  as  Detroit's  growth  since  the  last  enumeration  by 
the  Census  Bureau  has  been  phenomenal.  The  location  of  the  industry,  rather 
than  the  nature  of  the  industry,  has  entered  into  the  problem. 

Water  Supply. 

Detroit's  water  supply  has  at  all  times  been  drawn  from  the  Detroit  River, 
not  far  from  the  American  shore,  the  first  pumping  station  being  located  at  the 
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foot  of  Orleans  Street  and  drawing  water  150  feet  from  shore.  This  was  used 
until  1877,  when  the  present  plant  was  put  into  operation,  which  drew  water 
through  three  pipes,  two  of  these  were  1,500  feet  long  and  6  feet  in  diameter, 
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FlCx.  15  B. 


the  other,  1,000  feet  long  and  5  feet  in  diameter.  These  pipes  discharged  into 
a  settling  basin  of  30,000,000  gallons  capacity,  from  which  the  pumps  drew  their 
supply. 
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The  question  of  location  of  the  intake,  in  order  to  ehminate  the  dangers 
of  immediate  shore  pollution,  has  always  been  given  serious  consideration.  The 
present  intake  was  located  near  the  northwestern  extremity  of  Belle  Isle,  after 
a  careful   and  extensive  study  of  the  currents   in   the   lower  end   of  Lake   St. 
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FIG.  15  C. 


Clair  by  Prof.  Gardner  S.  Williams  and  Mr.  C.  W.  Hubbell  in  1897.  A  ten  foot 
tunnel,  3,000  feet  long,  connects  the  crib  with  the  settling  basin.  This  intake 
was  put  in  operation  in  December,  1905,  and  has  been  in  use  practically  con- 
tinuously, the  old  intake  being  used  only  in  case  of  extreme  necessity. 
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Source  of  Poli^ution  of  Detroit's  Water  Supply. 

The  water-shed  draining  into  the  St.  Clair  River,  Lake  St.  Clair,  and  the 
Detroit  River,  above  the  intake,  has  an  area  of  5,800  square  miles,  all  of  which 
is  very  thickly  populated.  The  runofif,  owing  to  the  nonporous  character  of  the 
soil,  finds  its  way  quickly  to  the  main  water  channels,  carrying  with  it  its  load 
of  surface  pollution.  Prof.  Williams  estimates  that  1^  inches  of  rainfall  fur- 
nishes run-off  equal  to  20  hours'  normal  flow  of  the  river  past  Detroit.  The 
entire  sewage  of  Port  Huron  and  other  bordering  cities  is  discharged,  untreated, 
into  this  drainage  system. 

The  danger  from  the  distant  sources  is  minimized  to  a  large  extent  by  two 
natural  agencies — dilution  and  sedimentation  in  Lake  St.  Clair.  The  amount 
of  water  available  for  dilution  is  enormous,  and  the  oxidation  resulting  must 
be  very  extensive.  Sedimentation  also  must  play  a  ver}'  important  role  as  is 
evidenced  by  the  formation  at  the  mouth  of  the  St.  Clair  River.  The  two  most 
imminent  dangers,  no  doubt,  are  the  pollution  furnished  by  Connor's  and  Fox 
Creeks,  and  that  furnished  by  Lake  Commerce.  The  danger  from  the  former 
sources  is  greatest  in  times  of  freshet  in  the  creeks.  Increased  building  opera- 
tions in  this  direction,  more  especially  dredging  operations,  are  a  potent  menace 

to  the  water  supply. 

The  U.  S.  Weather  Bureau  Observer  reports  two  instances  in  the  last  30 
years,  in  which  the  velocity  of  the  Detroit  River  has  been  as  great  as  two  miles 
per  hour  in  a  direction  opposite  to  the  normal  flow.  The  effect  of  such  a  phe- 
nomena will  be  obvious. 

In  the  year  1913,  37,473  vessels  used  the  Detroit  River;  not  all  of  these, 
however,  contributed  to  the  pollution  in  Lake  St.  Clair.  Figures  based  upon 
the  relative  amounts  of  freight  passing  Detroit  and  the  St.  Clair  Flats  Canal, 
show  that  probably  about  one-fifteenth  of  the  vessels  stop  at  Detroit,  and  that 
about  35,000  use  the  St.  Clair  Canal,  and  hence  contribute  additional  pollution. 

The  pollution  from  these  two  sources  is  not  subject  to  the  natural  purifica- 
tion agencies  to  the  same  extent  as  that  of  the  cities,  towns,  and  more  distant 
streams.  It  is  therefore  to  be  considered  as  a  menace  to  our  water  supply.  A 
study  of  the  data  available  may  disclose  to  what  extent  it  is  an  actual  danger. 

Quality  of  Detroit's  Water  Supply. 

Early  records  of  the  quality  of  Detroit's  water  supply  are  given  under  the 
Report  of  the  General  Superintendent  of  the  Water  Board  for  the  year  1897. 
The  report  is  a  quotation  from  the  Board  of  Health  analyst  as  follows: 

Tlic  importance  of  a  pure  water  supply  to  the  public  health  of  a  community  cannot  be 
overestimated.  There  have  been  reported  from  various  localities  innumerable  instances  of 
epidemics  traced  to  the  use  of  n  dangerous  drinkinp  water.  In  fact,  so  numerous  are  such 
cases,  and  so  conclusive  the  evidence  pointing  to  the  source  of  the  trouble,  that  the  health 
authorities  of  many  large  cities,  appreciating  the  value  of  a  watchful  and  preventative  policy, 
have  provided  for  frequent  analysis  of  the  public  writer. 

During  the  past  year  1  have  devoted  as  much  attention  as  possible  to  our  supply,  and 
while  the  time  was  not  availaiile  for  as  many  examinations  us  seemed  desirable,  3'et  several 
have  been  made,  the  results  of  which,  with  a  brief  explanation  are  here  given: 
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The  samples  were  taken  from  the  laboratory  tap  and  subjected  to  the  usual  examina- 
tions and  sanitary  and  chemical  analysis,  which  includes  an  estimation  of  such  substances  as 
are  of  value  in  determining  the  drinking  quality  of  the  water.  The  estimation  of  the  num- 
ber of  bacteria  is  self-explanatory.  Good  drinking  water  should  not  contain  more  than  1,000 
bacteria  in  each  cubic  centimeter  (about  16  drops). 

With  the  placing  of  the  intake  in  the  main  current  of  the  river,  in  1905,  it 
was  thought  that  the  best  available  supply  was  being  obtained,  and  it  is  reason- 
able to  assume  that  the  quality  of  the  water  furnished  from  this  source  was 
materially  improved.  There  is  no  authentic  date,  however,  relative  to  the  qual- 
ity of  the  supply,  but  we  must  assume  that  it  remained  practically  satisfactory 
imtil  the  latter  part  of  1912  and  the  spring  of  1913,  when  suspicion  was  directed 
toward  the  water  supply  by  a  high  typhoid  death  rate.  Because  of  the  situa- 
tion at  this  time  the  Water  Board  installed  apparatus  for  the  addition  of  calcium 
hypochlorite  to  the  water.  This  treatment  was  begun  on  April  2,  1913,  with  the 
addition  of  five  pounds  per  million  gallons,  which  was  later  increased  to  nine 
pounds  per  million  gallons  in  June,  1913,  Fig.  16  .shows  the  typhoid  death  rate 
by  months  for  the  years  1913-1915,  inclusive.  The  arrow  indicates  the  point 
at  which  hypochlorite  treatment  was  started.  Attention  is  called  to  the  increase 
in  the  typhoid  death  rate  even  after  sterilization  was  practiced. 

Fig.  17  shows  the  extent  of  the  B.  Coli  pollution  in  the  raw  and  tap  water 
for  the  la.st  eighteen  months.  The  total  instances  of  typhoid,  and  the  percent- 
age for  which  the  information  was  not  sufficient  to  assign  any  specific  source 
of  infection  is  shown  above  for  comparison.  There  seems  for  this  period  to  be 
no  direct  relation  between  the  number  of  cases  assignable  to  any  specific  source 
and  the  quality  of  either  the  raw  or  treated  water. 


Observations  on  Typhoid  Fever  iji   Detroit 


395 


vO               ^               "J 

nj            nj            M 

so 

O 

^ 

■o^O 

\ 

1^^ 

\N^ 

.NV 

X\\\V 

s^ 

•^^A/ 

•           fc- 

y3<9 

b^^ 

s^~ 

N 

1 
1 

'c/=>Q 

1 

^- 

1 

■(>nfy 

i^ 

§$ 

$^^^^J^.,.ax.u.. 

■y^/n_p 

X 

! 

^ 

Sicjr>_p 

^^^^■^^ 

^f^U 

TYPHOID    FEVER 
IN    DETROIT 

h 

.J 

vo^ 

III 

Q 

^^' 

'-^^^V 

$^\\\1^\\V 

■^^j 

«       i^ 

CD 

o 

^ 

■^tDf^ 

10  d3 

^^^v^^ 

^ 

i 

\" 

■^^o 

1 

^'     I 

xo// 

1 

^i 

V^C 

BY  MG 
AL  NUMBI 

S 

^^ 

sV^ 

^ 

^\VJ 

'^ 

^ 

c/sp 

^ 

X/np 

^ 

l^^ 

;^^ 

^\ 

W 

\\\k> 

^ 

s/unfi 

N 
N 

^^ 

misv 

V 

^-^A^ 

(-   1 

$ 

-vc/^y 

D 
1- 
O 

< 

^ 

^T' 

\^ 

•>^A/ 

^^ 

■qr^j 

f 

mvx^^  1    I 

cyt^/^ 

^ 

k\^ 

'v^ 

i 

•=>^o 

^ 

^^' 

\^ 

\^ 

S^ 

^ 

\^ 

!^ 

xicvv 

■■/=>o 

^ 

i 

^ 

^ 

i 

^ 

^ 

^- 

^"^ 

^\ 

c/SQ 

■6/7^ 

HYPO 
BEGUN 

^ 

^^^ 

^ 

1. 

^N; 

\ 

U,r>p 

ID 

i 

\ 
\ 

Sur>_p 

^^^^^\\^  1    1 

-^■cji,/ 

^ 

>-    t^v. 

^\ 

^,^■ 

;^ 

s> 

-^cy^ 

p^ 

i^Vi 

■^"^^1 

^ 

:yoC^ 

p 

^ 

^ 

^ 

^^' 

^^ 

l^T^T 

^: 

9^J 

■cyOX' 

\S            ^j.            "J 

t\J                 CVJ                 Oj 

0              (Q              v< 

;       t:       !^       <i       'o       ^       ^       '^       ^ 

o 

Fig.  18  compares  the  percentage  of  yearly  deatlis  liy  months  for  the  last 
six  years  with  the  mean  monthly  temperatures  for  the  same  period.  Rather 
close  agreement  is  shown,  in  general,  between  these  two  curves;  two  instances 
may  be  noticed,  viz.,  April,  I'M 2.  and  April  and  May,  1913,  when  the  divergence 
would  lead  one  t(j  believe  that  the  water  supply  might  possibly  be  contaminated. 
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On  the  same  chart  (Fig.  18)  the  actual  deaths  from  typhoid  are  compared  with 
the  percentage  of  precipitation  by  months. 

The  use  of  calcium  hypochlorite  as  a  sterilizing  agent  has  been  strongly 
criticised  in  the  city,  because  of  the  taste  resulting  from  its  use.  It  is  hoped 
that  this  objection  will  be  overcome  by  the  use  of  liquid  chlorine,  as  it  is  the 
history  of  such  sterilization  that  larger  amounts  of  liquid  chlorin  may  be  used 
without  imparting  an  objectionable  taste  to  the  water.  The  change  from  cal- 
cium hypochlorite  to  liquid  chlorine  is  being  gradually  made  at  the  present  time. 

Detroit  Seweragu  System. 

Reference  to  Fig.  1  will  show  the  location  of  the  sewer  outfalls  of  the  city. 
They  number  about  50  and  discharge  the  sewage  into  the  river  without  treat- 
ment. The  sewage  from  the  district  above  the  intake  is  collected  in  an  intercept- 
ing sewer  on  Jefferson  Avenue  and  discharged  into  the  river  below  the  intake, 
at  the  Fairview  Sewage  Pumping  Station.  There  are,  however,  instances  of 
sewage  being  discharged  into  Connor's  Creek.  The  one  most  worthy  of  note 
is  a  factory,  which  is  located  inside  the  city  limits,  and  discharges  the  sewage 
from  1,000  workmen,  together  with  other  factory  wastes,  into  the  creek.  This 
is  only  of  recent  origin,  and  steps  have  been  taken  to  alter  the  condition. 

The  entire  Connor's  Creek  Drainage  Basin  is  rather  more  densely  populated 
than  any  of  the  other  contributory  basins.  The  portion  just  to  the  north  and 
west  of  the  village  of  Highland  Park  being  practically  all  platted,  there  are  sev- 
eral instances  in  which  crude  sewage  is  discharged  into  county  ditches  which 
are  a  part  of  the  Connor's  Creek  drainage  system. 

Fig.  2  shows  the  extent  to  which  the  sewage  of  Detroit  affects  the  general 
quality  of  the  water  in  the  river  below  Detroit.  The  pollution  is  so  great  as  to 
render  the  use  of  the  river,  below  Detroit,  as  a  source  of  water  supply  dan- 
gerous, except  after  very  careful  and  extensive  purification.  The  typhoid  death 
rates  of  the  towns  of  Wyandotte,  Trenton  and  Monroe,  are  relatively  high,  and, 
no  doubt,  this  gross  pollution  of  the  waters  adjoining  the  down  river  towns  and 
summer  resort  district  is  responsible  for  an  appreciable  portion  of  Detroit's 
deaths  from  typhoid  fever. 

MuNiciPAE  Refuse. 

The  refuse  of  the  city  is  collected  by  the  Department  of  Public  Works. 
The  garbage  and  rubbish  are  collected  and  disposed  of  separately.  The  garbage 
is  required  to  be  kept  in  proper  cans  and  to  be  kept  free  of  paper  and  rubbish. 
It  is  collected  in  all  parts  of  the  city  at  least  once  in  seven  days  and  hauled  by 
one  horse  wagons  to  two  stations,  one  at  Connor's  Creek  and  Jefferson  Avenue 
East,  where  it  is  placed  on  motor  trucks  and  hauled  to  the  principal  station  at 
24th  Street  and  West  Jefferson  Avenue,  where  the  garbage  is  loaded  onto  cars 
and  taken  by  rail  to  French  Landing,  about  15  miles  out  of  the  city,  where  it  is 
disposed  of  by  a  reduction  process.  The  wagons  are  covered  with  canvas  while 
Ijeing  hauled  through  the  streets. 

The  rubbish  is  collected  in  two  horse  wagons  holding  about  three  cubic 
yards,  and  is  drawn  to  the  various  dumps  where  it  is  used  for  filling  purposes. 
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There  is  always  quite  a  quantity  of  garbage  mixed  with  the  rubbish,  w-hich  ren- 
ders the  dumps  a  breeding  place  for  flies.  The  work  of  the  antifly  campaign 
during  the  last  summer,  however,  has  done  much  toward  improving  this  con- 
dition by  bringing  about  a  better  separation  of  garbage  and  rubbish. 

Milk  Supply.* 

Previous  to  the  year  1910,  several  outbreaks  of  typhoid  fever  occurred  in 
Detroit  due  to  infected  raw  milk.  These  outbreaks  usually  gained  considerable 
headway  before  being  discovered,  there  being  no  system  employed  whereby  the 
cases  came  to  the  attention  of  the  Health  Department  until  several  deaths  from 
typhoid  occurred  in  one  locality. 

Up  to  this  time  the  most  notable  outbreak  of  milk-borne  typhoid  occurred 
during  the  year  1908.  At  this  time  an  east  side  milk  dealer  was  noticed  to  have 
a  number  of  cases  appearing  am.ong  his  customers,  after  several  deaths  had  oc- 
curred. A  canvass  of  his  milk  route  was  made  by  inspectors  of  the  Board  of 
Health  and  over  one  hundred  cases  found.  This  dealer  was  drawing  most  of 
his  milk  supply  from  farms  adjoining  Connor's  Creek.  Investigation  of  these 
farms  showed  that  nine  were  housing  typhoid  patients.  The  milk  from  these 
farms  and  all  others  directly  bordering  on  this  creek  was  excluded  from  the 
city.  The  milk  dealer's  premises  and  all  his  appliances  and  utensils  were  very 
thoroughly  disinfected  and  sterilized  before  he  was  again  allowed  to  distribute 
milk. 

Connor's  Creek  was  found  to  be  very  badly  polluted  with  sewage,  it  being 
a  natural  drain  for  the  east  end  of  \\'ayne  County.  Practically  all  farms  border- 
ing on  this  creek  used  it  for  watering  their  live  stock. 

Other  outbreaks  occurred  from  time  to  time  up  to  the  year  1910,  but  were 
always  checked  before  they  gained  any  considerable  headway. 

During  the  year  1910  the  milk  inspection  division  was  reorganized  and  the 
number  of  inspectors  increased.  At  this  time  new  regulations  were  adopted, 
requiring  the  milk  dealer  and  milk  producer  to  notify  the  Health  Department  of 
any  contagious  disease  which  might  exist  in  his  family  or  in  that  of  his  em- 
ployees, or  on  any  of  the  farms  from  which  he  drew  his  daily  milk  supply. 

Through  the  cooperation  of  the  dealers  and  producers  no  more  explosive 
outbreaks  occurred  until  the  summer  of  1914,  when  a  milk  dealer,  vending 
milk  in  the  city  from  a  dairy  outside,  deliberately  concealed  a  case  of  typhoid 
fever  in  his  family.  The  patient  was  removed  to  a  city  hospital,  from  w'hich 
place  the  case  was  reported.  On  investigation,  the  visiting  nurse  was  informed 
by  the  patient  that  she  had  come  in  from  the  country  and  that  her  people  were 
not  engaged  in  the  milk  business.  About  this  time  other  cases  were  being  re- 
ported and  charged  against  this  milk  dealer,  the  father  of  this  patient.  Fur- 
ther investigation  by  the  milk  inspection  division  revealed  the  above  facts.  The 
dealer  w-as  eliminated  from  Detroit,  leaving  a  trail  of  eighty  cases  of  typhoid 
and  six  deaths. 

Shortly  after  this  outbreak  all  milk  sold  in  Detroit  was  ordered  pasteurized. 
Since  the  enforcement  of  compulsory  pasteurization  May   1.   1915,  no  cases  of 

*We  .ire  indebted  for  the  foIIowitiR  information  to  ^Fr.  Krcld.  Chief  Milk  Inspector,  Detroit  Board 
of   Health. 
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typhoid  or  other  contagious  disease  iiave  been  tracealjle  to  the  milk  supply. 
However,  rnilk  dealers  and  producers  are  still  obliged  to  report  contagious  dis- 
eases as  mentioned  above. 

Factory  Water  Supplies: 

In  the  spring  of  1914  the  attention  of  the  Health  Department  was  attracted 
by  the  large  number  of  typhoid  cases  reported  among  workmen  at  one  of  the 
large  river  front  factories.  An  investigation  developed  the  following  points  as 
shown  diagrammatically  in  Fig.  19. 
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The  factory  in  question  was  using  raw  river  water  for  boilers,  washing  rolls, 
flushing  toilets,  lavatory,  and  on  the  sprinkler  system.  As  is  shown  in  the 
chart,  the  relative  position  of  the  drinking  fountain  tap,  supplied  with  city  water, 
and  the  lavatory,  supplied  with  river  water,  was  such  that  workmen  could  easily 
use  the  river  water  for  drinking  purposes,  if  for  any  reason  the  city  supply  was 
not  easy  of  access,  there  being  nothing  to  indicate  that  one  was  suitable  and  in- 
tended to  be  drunk,  and  that  the  other  was  grossly  polluted.  Moreover,  the  ve^ry 
use  of  the  river  water  in  the  lavatories  constituted  a  danger  and  a  menace  to  the 
health  of  the  employees,  as  it  is  only  a  short  time  when  the  typhoid  bacilli  are 
on  the  face  and  hands  until  they  are  in  the  mouth  and  into  the  alimentary  canal. 

The  finding  of  this  condition  was  the  beginning  of  a  survey  which  included 
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all  the  river  front  factories,  which  were  drawing  any  part  of  their  water  supply 
from  the  river,  and  the  subsequent  issuing  of  an  order,  based  upon  the  results 
of  this  survey,  to  the  effect  that  wherever  water  was  used  in  such  a  manner  that 
the  workmen  must  come  into  intimate  personal  contact  with  it,  the  water  must 
be  of  a  quality  equal  to  that  furnished  by  the  city  main.  The  manufacturers 
have  been  quick  to  see  the  need  of  such  a  measure,  and  compliance  is  practically 
unanimous,  although  some  time  is  needed  to  complete  the  alterations  in  piping 
made  necessan,',  the  cost  being  estimated  in  some  instances  to  be  three  and  four 
thousand  dollars. 

Water  Supply  of  Boats. 

The  passenger  boats  operating  out  of  Detroit  carry  annually,  approximately 
10,000,000  passengers;  about  six  million  of  these  are  carried  on  those  boats 
termed  "ferries,'"  and  operating  wholly  within  the  Detroit  River,  between  De- 
troit, Belle  Isle  and  Windsor.  The  boats  carrying  the  remaining  four  million 
operate  in  the  river,  and  the  lakes  and  rivers  adjoining  it  on  either  end. 

A  survey  by  the  Health  Department,  during  the  summer  of  1914,  proved 
beyond  doubt,  that  the  water  supplied  to  the  passengers  for  drinking  purposes, 
on  all  the  boats  operating  out  of  Detroit,  was  far  below  that  standard  of  bacter- 
iological purity  which  indicates  a  safe  drinking  water.  At  the  time  of  the 
survey,  the  boats  were,  without  exception,  drawing  their  supply  from  the  lake 
or  river  water  through  which  they  passed,  and  were  supplying  it  to  their  pas- 
sengers without  treatment. 

Fig.  20  shows  diagrammatically  the  general  arrangements  for  supplying 
drinking  water  as  they  were  found  at  this  time.  The  fresh-water  storage  tanks 
were  tilled  by  the  general  service  pumps,  when  the  boat  was  in  the  best  water  at- 
tainable. There  was  always  the  danger  that  the  pumps  had  been  contaminated 
by  the  ^vater  drawn  in  while  laying  at  docks,  and  that  this  contamination  still 
remained  to  further  pollute  the  supply.  Then,  too,  there  is  the  possibility  of 
leaking  valves,  which  might  allow^  water  to  pass  into  the  freshwater  tank  when 
the  decks  were  being  washed,  or  when  the  trim  tanks  were  being  filled;  no  in- 
stance being  found  in  which  there  were  two  valves  on  the  same  line  with  a  drain 
between. 

It  was  shown  by  the  Progress  Report  of  the  International  Joint  Commis- 
sion in  reference  to  the  Pollution  of  Boundary  Waters  *  *  *  Date  of  Januar>' 
16,  1914,  that  in  all  instances,  the  lake  and  river  waters  traversed  by  the  vessels, 
considered  here,  were  of  such  character  as  to  be  rendered  suitable  for  drinking 
purposes  only  after  extensive  purification. 

Upon  completing  this  sur\ey.  the  different  navigation  companies  were  noti- 
fied of  the  results,  and  the  conditions  as  they  existed  on  the  boats  in  question 
were  pointed  out,  it  being  plainly  demonstrated  that  it  was  to  the  ultimate  ad- 
vantage of  the  navigation  company  to  supply  its  patrons  with  a  safe  water.  As- 
surance was  given  that  full  cooperation  might  be  expected  from  the  Health  De- 
partnlent. 

Because  of  the  peculiar  conditions  afifecting  the  purification  of  water  on 
boats,  the  Health  Department  did  not  feel  in  a  i)osition  to  dictate  as  to  how  the 
purification  -hould  be  brought  almut  :  but  simply  maintained  the  policy  that  water 
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was  to  be  considered  safe  which  came  within  the  Hmit  of  permissible  impurity 
estabHshed  by  the  Treasury  Department,  that  is  to  say,  the  water  suppHed  for 
drinking  purposes  must  not  show  the  presence  of  more  than  100  organisms  per 
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cubic  centimeter  when  plated  on  standard  agar  and  incubated  for  24  hours  at 
37°,  nor  may  it  show  the  presence  of  the  Colon  Bacillus  in  more  than  one  of 
five  10  c.c.  portions  by  the  fermentation  of  standard  lactose  broth  within  48 
hours  at  37°,  and  the  subsequent  confirmation  of  the  same  on  Endo's  media  and 
by  refermentation.    This  desired  end  was  sought  by  four  distinct  methods,  viz. : 

1.  Taking  water   from  city  mains. 

2.  Taking  lake  water  and  filtering  by  a  rapid  sand  filter. 

3.  Taking  lake  water,  filtering  by  a  rapid  sand  filter  and  treating  the  ef- 
fluent by  liquid  chlorine. 

4.  Taking  lake  water  and  sterilizing  it  by  means  of  live  steam  under  pres- 
sure. 

Fig.  21  shows  the  results  of  analyses  of  samples  of  water  by  Method  No.  i, 
collected  during  the  past  season.  These  boats  drew  their  supply  from  a  2  inch 
line  on  the  dock,  using  a  hose  connection  to  fill  the  tanks  located  in  the  hold. 
The  high  count  in  these  samples  is  ttndoubtedl}'  due  to  incubation  in  the  tanks, 
the  temperature  being  usually  between  85  and  90°  F.  Samples  of  tap  water  left 
standing  at  room  temperature  for  a  period  of  24  hours  showed  an  increase  in  the 
count  as  follows : 

Original  count,   13 ;   final  count,  2,400 ; 

75;       "         "         innumerable. 

This  seems  to  indicate  that  the  high  count  was  simply  a  multiplying  of 
those  forms  already  in  the  water.  Sterilization  of  the  tanks  by  a  hot  solution 
of  calcium  hypochlorite  was  recommended  as  a  preventive  measure. 

Method  No.  2  consists  in  the  application  of  the  pressure  type  of  rapid  sand 
filter.  The  first  difficulty  encountered  in  this  method  of  purification  was  to  find 
a  place  in  which  to  put  the  filter.  It  was  finally  located  in  the  engine  room  near 
one  of  the  cylinders.  The  same  condition  of  high  temperature  also  obtains 
here. 

Fig.  22  shows  the  total  bacterial  count  in  all  the  samples  taken  since  the 
first  of  the  season.  A  remarkable  decrease  toward  the  last  is  due  largely  to  the 
untiring  efforts  of  the  engineer  in  charge,  in  cleaning  and  sterilizing  both  the 
lines  and  storage  tanks. 

Fig.  23  gives  the  colon  content,  as  well  as  the  count,  for  the  latter  part 
of  the  season.  Due  to  the  change  in  the  method  of  analysis,  the  record  of  the 
B.  Coli  for  the  whole  season  is  not  directly  comparable.  It  is  evident,  however, 
that  even  with  the  exercising  of  great  care  in  the  operation  of  a  rapid  sand 
filter,  it  cannot  be  relied  upon  to  furnish  a  safe  water  when  the  character  of 
the  source  is  such  as  the  boat  in  question  traversed  during  the  past  season.  The 
failure  to  supply  water  of  a  suitable  character  is  probably  due  to  high  tempera- 
tures surrounding  the  filter  and  inability  to  wash  the  filter  with  filtered  water. 

Method  No.  j?  consists  in  filtering  lake  water  through  a  rapid  sand  filter 
and  treating  the  effluent  with  liquid  chlorine.  The  same  difficulties  were  en- 
countered in  the  operation  of  the  filter  in  this  instance  as  occurred  in  the  one 
already  discussed. 

The  liquid  chlorine  is  used  to  make  up  a  solution  of  chlorine  water  of  known 
strength,   wliicli   in   ttini  is   fed   into  the  main   supply  pipe  in  quantities  proper- 
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tional  to  the  demand,  by  means  of  a  shunt  feed  around  a  constriction;  bemg 
an  apphcation  of  the  Venturi  principle,  one  charge  of  chlorine  being  sufficient 
for  about  four  days'  use. 

Fig.  24  shows  the  results  obtained  by  this  method.  Examination  of  the 
results  in  the  first  column  shows  that  the  general  character  of  the  raw  water 
was  very  low,  while  in  only  three  instances  does  the  final  product  fail  to  meet 
the  requirements  of  the  standard.  From  the  results  obtained,  it  would  seem  at 
first  glance  that  this  method  would  be  one  worthy  of  consideration,  but  further 
investigation  discloses  that  the  operation  of  the  chlorinating  apparatus  is  com- 
plicated, and  so  far  out  of  the  line  of  work  of  the  ordinary  engineer  in  charge 
of  a  lake  steamer  that  the  chances  of  its  being  operated  satisfactorily  on  all  ves- 
sels are  very  slight.  The  duties  of  the  engineer  are  primarily  with  his  engine, 
and  in  the  time  of  crisis,  the  water  supply  would  be  given  only  little  atten- 
tion, and  due  to  the  nature  of  the  chlorine  gas  serious  conditions  might  arise 
should  the  apparatus  develop  a  leak.  In  the  vessel  in  question  a  situation  quite 
similar  to  the  above  did  occur,  after  one  of  the  hard  rubber  connections  be- 
tween the  absorption  chamber  and  the  chlorine  water  storage  chamber  had  bro- 
ken during  a  hard  storm.  The  engineer,  in  charging  the  apparatus,  had  drawn 
the  required  amount  of  gas  into  the  measuring  chamber  and  was  about  to  absorb 
it  when  the  broken  connection  was  noticed  by  the  escape  of  gas.  The  engineer 
had  the  presence  of  mind  to  turn  on  the  water  and  flood  the  room,  absorbing 
the  gas  and  preventing  any  disastrous  results.  With  a  more  serious  break  or 
a  larger  quantity  of  gas,  the  situation  would  have  been  dangerous. 

Method  No.  4,  that  of  sterilization  by  steam  under  pressure,  was  developed 
by  Mr.  \\'infield  Dubois,  Chief  Engineer  of  the  \\'hite  Star  Line,  and  consists 
essentially  of  heating  the  water  to  a  temperature  above  the  thermal  death  point 
of  the  pathogenic  organisms  contained  and  cooling  it  again,  maintaining  a  pres- 
sure at  all  times  of  five  to  ten  pounds.  Inasmuch  as  the  water  is  not  exposed 
to  the  air  during  the  time  it  is  heated  above  the  boiling  point,  there  is  no  op- 
portunity for  expelling  the  entrained  gases,  so  that  the  treated  water  does  not 
have  the  flat  taste  characteristic  of  a  boiled  water. 

Fig.  25  shows  diagrammatically  the  device  as  installed  on  the  Steamer 
Owana : 

A.  Injector  for  drawing  water  from  seacock  and  forcing  it  through  the  system. 

B.  A  jet  for  introducing  live  <team  under  pressure. 

C.  A  tank  containing  208  feet  of  l^i  inch  pipe  for  cooling  purposes. 

D.  Pump  for  circulating  cooling  water. 

E.  Storage  tank. 

F.  and   G.     Control   thermometers. 
H.    Blow-off  valve. 

When  the  device  is  operated  the  blow-off  valve  is  opened  and  the  system 
from  the  steam  jet  is  blown  out  with  live  steam  for  five  minutes.  The  injector 
is  then  primed  and  allowed  to  pump  to  waste  through  the  blow-off  until  the  tem- 
perature of  the  water  delivered,  as  shown  by  Thermometer  F,  is  properly  regu- 
lated by  the  steam  jet.  A\'hen  the  desired  temperature  has  been  reached  the  cool- 
ing pump  is  started  and  the  blow-off  closed,  so  that  water  is  delivcrcfl  into  the 
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storage  tank.  The  results  of  analysis  of  water  treated  by  this  method  on  a  test 
run  of  the  Steamer  Greyhound  are  shown  in  Fig.  26. 

The  results  of  the  first  season's  work  have  shown  the  need  of  devices  for 
water  purification  which  are  automatic  and  which  cannot  in  any  way  go  wrong. 
Under  the  conditions  that  they  must  be  operated,  all  of  the  apparatus  must  be 
"fool-proof  in  order  that  at  no  time  may  the  water  be  unsafe. 

Because  of  the  nature  of  the  method,  and  the  fluctuation  in  the  demand, 
there  seems  to  be  at  present  no  liquid  chlorine  apparatus  which  will  meet  this 
requirement. 

The  use  of  ultra-\  iolet  rays  as  a  sterilizing  agent  was  contemplated  by  one 
of  the  lines,  but  the  idea  was  later  abandoned  for  the  following  reasons : 

1.  The  wide  fluctuation  in  the  voltage  of  the  current  on  the  boats  causes 
the  light  to  go  out  at  each  fluctuation  and  it  does  not  light  automatically,  thus 
allowing  water  to  pass  unsterilized. 

2.  Necessity  for  filtration. 

3.  Danger  of  breaking  candles,  putting  the  apparatus  out  of  order  for  an 
indefinite  period. 

An  attempt  has  been  made  to  obviate  these  difficulties  in  recent  design,  but 
it  is  still  in  the  experimental  stage. 

Fig.  27  shows  the  changes  made  in  the  steam  sterilizer  which  provide  it 
with  automatic  control,  so  that  no  water  may  pass  into  the  cooling  tank  which 
has  not  been  heated  to  220"  for  five  minutes.  It  is  thought  that  with  these 
changes  a  nearly  sterile  effluent  may  be  obtained.  This  improved  device  will  be 
used  by  one  line,  at  least,  during  the  next  season. 

Laboratory  Methods.* 

The  method  of  examination  of  drinking  water  in  the  laboratory  is  that 
adopted  by  the  American  Public  Health  Association  at  its  last  annual  meeting. 
Briefly,  it  consists  of  the  counting  of  plates  inoculated  with  1  c.c.  portion  of  the 
water,  one  set  being  kept  at  20"  C.  and  counted  after  48  hours;  the  other  after 
24  hours  at  37°.  Smith  fermentation  tubes  are  used  for  presumptive  test  for 
B.  Coli.  Five  tubes  are  inoculated  with  10  c.c.  of  the  sample,  and  one  tube  with 
1  c.c.  These  tubes  are  filled  with  lactose  broth  media  and  are  incubated  for  48 
hours  at  37°.  If  any  show  gas  production  during  this  time,  portions  are  re- 
moved and  streaked  on  freshly  prepared  Endo  plates.  If  any  of  these  streaks 
show  a  sheen  of  reduced  fuchsin  after  incubation  at  37°,  a  portion  of  the  growth 
is  inoculated  into  a  second  fermentation  tube  and  incubated  for  48  hours  at  2)7° . 
Those  tubes  showing  gas  production  and  which  are  confirmed  on  Endo  media 
and  again  show  gas  on  incubation  in  lactose  broth  are  counted  as  show- 
ing colon  present.  An  enumeration  of  colon  per  100  c.c.  is  made  according  to 
the  Phelps  Method.  In  addition  100  c.c.  of  water  is  mixed  with  concentrated 
lactose  broth  and  incubated  for  24  hours  at  37°.  Fermentation  tubes  are  inocu- 
lated from  this  enrichment  bottle  and  carried  through  the  usual  procedure  as 
above.    Fermentation,  confirmation  on  Endo  with  gas  production  on  refermenta- 

*We  are  indebted  to  Mr.   Roy  W.  Pryer,  Director  of  the  Board  of  Health  Laboratory,   for  ihi'^   data. 
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tion  is  taken  to  show  the  presence  of  1  B.  CoH  per  100  c.c,  providing  the  other 
fermentation  tubes  show  no  gas  production. 

Routine   Milk   Examination. 

The  routine  bacterial  examination  of  milk  is  the  enumeration  of  the  num- 
ber of  organisms  growing  at  37°  in  48  hours.  Usually  two  dilutions  are  made; 
one,    1-1,000;  the  other,    1-10,000. 

WiDALS. 

\\'idals  are  made  whenever  physicians  send  in  blood  for  this  purpose. 

Ordinarily,  a  few  drops  of  blood  are  sent  in  a  capillary  tube.  One  part  of 
serum  is  diluted  to  twenty  parts  with  saline  solution,  and  this  solution  is  then 
added  to  an  equal  volume  of  typhoid  suspension.  Agglutination  within  one  hour 
in  a  hanging  drop  is  reported  as  a  positive  \\'idal.  In  many  cases  the  test  is 
made  using  paratyphoid  a  and  b,  as  well  as  Bacillus  Typhosus. 

Conclusions  and  Recommendations. 

1.  In  view  of  all  facts  in  connection  with  the  situation  it  seems  apparent 
that  Detroit's  typhoid  during  the  past  eighteen  months  has  not  been  due  to  the 
unusual  operation  of  a  single  factor  but  rather  to  the  combination  of  several 
factors,  each  working  independently  of  the  other  and  one  being  more  active  at 
certain  times  than  another. 

2.  It  is  evident  that  doctors  have  been  somewhat  at  fault  in  their  diagnosis. 
The  laboratory  department  is  now  making  every  possible  effort  to  cultivate  the 
physicians  and  assist  them  by  making  A\  idals  or  other  desired  tests. 

3.  ]\lilk  infection  has  in  the  past  been  responsible  for  a  marked  percent- 
age of  typhoid  cases  but  it  is  hoped  that  compulsory  pasteurization  will  material- 
ly decrease  the  percentage  of  cases  due  to  this  source  and  it  is  thought  that  the 
compulsory  ph}sical  examination  of  all  employees  who  handle  the  milk  after 
pasteurization  would  practically  perfect  the  public  protection. 

4.  Contact  probably  has  played  a  more  important  part  in  the  spread  of 
typhoid  infection  in  Detroit  than  any  other  single  factor.  The  elimination  of 
cases  from  this  source  of  infection  depends  upon  the  widespread  dissemination 
of  knowledge  concerning  the  cause  and  prevention  of  this  disease  and  the  strict 
enforcement  of  existing  sanitary  regulations. 

5.  Boats,  freight  and  passenger,  have  added  their  share  of  cases.  Too 
much  emphasis  cannot  be  laid  upon  the  necessity  of  procuring  and  analyzing 
samples  of  water  from  each  boat  stopping  at  Detroit,  the  source  and  method  of 
handling  the  water  being  equally  important. 

().  The  presence  n\  gross  pollution  along  the  river  front  is  ilirectly  detri- 
mental to  the  health  oi  the  citizens. 

(a)  Possible  pollution  of  nuuiici])al   supply. 

(b)  Pollution  (if   factory   supi)lies. 

(c)  Pollution   of  bathing  beaches  and  other   means  of   direct  contact 

with  river  water. 

(d)  Cases  of  infection   from    river   water  im[)orted    fr(->m   neighlx)ring 

comnumities. 


414  The  Journal  of  Laboratory  and  Clinical  Medicine 

The  elimination  of  this  unwarranted  river  pollution  should  be  efifected  by 
the  adoption  of  proper  sewerage  and  sewage  treatment  for  the  city  and  the  com- 
pulsory sterilization  of  all  sewage  emanating  from  lake  commerce. 

7.  Dr.  W'm.  H.  Price  in  his  annual  report  for  1914  states: 

"Detroit  may  be  said  to  have  been  more  fortunate  than  otherwise  in  hav- 
ing limited  typhoid  to  the  present  rate  when  all  circumstances  are  considered. 
That  the  element  of  fortunate  circumstances  may  not  be  overloaded,  due  atten- 
tion should  be  directed  toward  purification  of  the  present  water  supply."' 

The  treatment  of  the  municipal  water  supply  by  an  oxidizing  agent,  such  as 
hypochlorite  of  lime,  liquid  chlorine  or  a  similar  agent,  should,  at  its  best,  be 
considered  only  as  a  temporary  expedient.  It  is  our  opinion  that  in  no  case 
does  a  surface  water  which  receives  drainage  from  a  territory  occupied  by 
human  inhabitants  or  used  for  agricultural  purposes,  form  a  safe  and  satisfac- 
tory source  of  drinking  water  without  some  form  of  treatment  or  purification. 
Immediate  steps  should  be  taken  to  obtain  for  Detroit  a  water  supply  which 
will,  without  question,  be  clean  and  safe  at  all  times. 

8.  The  carr}'ing  out  of  the  foregoing  recommendations  can  probably  best 
be  brought  about  by  the  establishment  of  a  sanitary  district  of  sufficient  size 
to  include  the  drainage  areas  immediately  affecting  the  local  problems. 


IMMUNITY  IN  TUBERCULOSIS 


By  Gerald  B.  Webb,  M.D.,  Colorado  Springs.  Colo. 

ACO^IBAT  through  almost  countless  generations  with  the  tubercle  bacillus 
has  left  most  branches  of  the  human  race  with  a  remarkable  power  of 
resistance  to  the  parasite,  ^^'e  cannot  claim,  however,  that  we  have  any  abso- 
lute immunity  to  the  disease  tuberculosis.  On  the  contrary,  tuberculin  tests 
and  postmortem  records  point  to  the  probability  of  everyone  having  had  at  some 
time  some  degree  of  infection  with  this  wax-coated  bacillus. 

Natural  Immunity. 

We  know  of  no  animal  race  or  human  race  which  is  not  or  cannot  be  in- 
fected with  tubercle.  Tuberculosis  has  been  found  occasionally  in  wild  animals.- 
— lions,  tigers,  panthers,  jaguars. 

Cattle  would  seem  to  have  a  relatively  greater  immunity  to  the  bovine 
bacillus  than  man  has  to  the  human.  In  fact,  Theobald  Smith^  has  said  that 
he  believed  cattle  were  nearly  immune.  This  is  borne  out  by  statistical  evi- 
dence. We  find  that  practically  each  member  of  the  human  race  is  or  has  been 
infected  with  the  tubercle  bacillus,  whereas  from  records  kept  at  slaughter  houses, 
the  percentage  of  cattle  infected  varies  from  15  to  35  per  cent.  The  percent- 
age of  other  animals  found  infected  has  been  noted  as  follows:  hogs  2.5  per 
cent,  sheep  and  goats  .1  per  cent.  The  opportunity  for  infection  must  however 
be  considered. 
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Gray  mice  are,  it  is  thought,  immune  to  both  the  human  and  bovine  strains 
and  only  once  was  a  softened  focus  found  in  experiments  conducted  by  Theo- 
bald Smith.-  \\'ells'  experience  corroborates  this.  The  white  or  albino  mice, 
however,  can  readily  be  inoculated  with  bovine  tuberculosis,  and  field  mice  are 
very  sensitive. 

Spontaneous  tuberculosis  has  been  observed  in  carp,  snakes,  turtles  and 
frogs.  The  bacillus  affecting  such  cold-blooded  animals  will  however  not  cause 
a  general  disease  when  inoculated  into  the  warm-blooded  species. 

It  is  not  yet  settled  that  tubercle  bacilli  from  warm-blooded  animals  can 
infect  cold-blooded  animals. 

Parrots  apparently  can  be  infected  with  either  avian,  human,  or  bovhie 
bacilli. 

The  hedgehog  has  been  found  to  be  a  very  resistant  animal  to  infection. 

Local  lesions  can  of  course  be  produced  in  any  species  by  the  inoculation 
of  bacilli  of  other  types.  But  such  can  be  obtained  by  the  dead  as  well  as  by 
the  living,  and  Petruschky^  explains  these  lesions  as  being  due  to  the  irritating- 
cell  toxicity  of  the  bacillary  bodies. 

According  to  Sofer,*  "The  phthisical  tendency  is  diminished  for  the  north- 
ern race,  just  as  the  apoplectic  tendency  is  for  the  Alpine,  brachycephalic  race." 

No  race  of  man  wdiich  has  had  opportunity  for  infection  has  escaped.  Tu- 
berculosis of  the  spine  has  been  observed  in  Egyptian  mummies  of  the  periods 
3500  B.  C,  2000  B.  C,  and  1500  B.  C.  In  modern  Egypt,  however,  tuberculosis 
was  unknown.  It  has  reappeared  in  Egypt  and  Palestine  w-ithin  the  memory 
of  physicians  practicing  there.  This  has  been  attributed  to  the  introduction  by 
infected  Russian  pilgrims,  and  to  the  return  of  native  emigrants  from  America. 

In  recent  years  in  Scotland  and  Ireland  tuberculosis  has  spread  from 
the  towns  to  the  country,  and  has  become  more  widespread  among  the  peasants 
which  were  formerly  fairly  free  from  the  disease.  As  a  result  of  modern  rapid 
communication  between  various  districts  and  countries,  the  disease  may  even 
become  more  widespread. 

From  an  analysis  of  the  death  rate  from  tuberculosis.  Karl  Pearson^"^  has 
shown  that,  like  other  diseases,  there  would  seem  to  be  periods  of  increase  and 
decrease  in  the  prevalence  of  this  disease.  As  Saundby''  states,  we  see  this 
sequence  in  such  diseases  as  plague,  influenza,  cholera,  and  typhoid  fever;  but 
the  interval  of  time  is  short,  lasting  at  most  over  a  few  decades.  With  tuber- 
culosis, it  apparently  extends  over  centuries. 

It  appears  that  the  present  is  to  be  considered  a  period  of  decline  in  the 
tuberculosis  death  rate,  as  in  the  last  fifty  years  a  decrease  of  almost  50  per 
cent  has  been  observed  both  in  England  and  America. 

It  was  at  one  time  thought  that  a  certain  definite  immunity  existed  among 
the  dwellers  of  high  altitudes.  It  has  liocn  found,  however,  that  this  was  due 
to  lack  of  opportunity  for  infection. 

Colorado  Springs  has  a  community  largely  composed  of  victims  of  pul- 
monary tuberculosis.  Many  of  these  have  married  usually  healthy  consorts, 
yet  not  infrequently  h.ave  there  been  marriages  between  tuberculous  victims. 
The  writer  has  observed  the  children  born  to  such  marriages  over  a  period  of 
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twenty  years.  By  means  of  von  Pirquet  tuberculin  tests  it  has  been  found  that 
all  these  children  will  react. 

An  occasional  case  of  tuberculous  meningitis  and  of  an  acute  general  tuber- 
culosis has  been  observed,  yet  such  are  extremely  rare.  An  outbreak  also  of 
open  tuberculosis  is  exceedingly  rare.  The  infection  among  these  children  is 
usually  benign  and  easily  overcome,  and  compares  with  that  found  in  the 
slightly  infected  among  healthy  families  in  the  lowlands. 

Possible .  explanations  for  the  disease  being  benign  in  this  region  are  the 
large  amount  of  open  air  life  that  is  possible,  and  the  increased  numbers  of 
lymphocytes  the  blood  contains  at  such  altitudes   (Webb  and  Williams"' 'j. 

Certain  families  and  individuals  would  seem  to  have  a  decided  immunity 
to  tuberculosis.  Petruschky'^  calls  attL-ntion  to  what  he  designates  "mother-im- 
munity." It  has  frequently  been  observed  that  women  originating  from  healthy 
families  have  married  into  a  tuberculous  family.  They  have  not  become  in- 
fected by  their  tuberculous  husbands,  yet  their  children  have  one  after  the  other 
died  of  tuberculosis.  In  the  cases  the  writer  has  observed,  the  "mother-im- 
munity" has  been  relative  and  not  complete.  Such  mothers  may  react  to  the 
von  Pirquet  skin  test,  and  one  such  was  found  to  be  herself  a  "carrier." 

An  inheritance  of  tubercle  bacilli  from  infected  parents  is  now  regarded 
as  being  so  rare  a  condition  that  we  need  not  discuss  it  here.  The  so-called 
"habitus  phthisicus"  is  today  believed  to  be  not  a  condition  favorable  to  tuber- 
culous infection,  but  a  condition  resulting  from  early  tuberculous  infection. 

Neither  is  there  an  increased  immunity  enjoyed  by  the  physically  strong, 
such  as  athletes  over  the  immunity  of  the  frailer  members  of  the  race. 

At  one  time  it  was  considered  that  the  children  springing  from  tuberculous 
ancestors  were  less  resistant  than  others,  and  marriage  into  such  families  was 
condemned. 

The  late  Dr.  Solly'  of  Colorado  Springs  was  one  of  the  first  (1895)  to 
show  that  such  offspring  show  more  lasting  cures  and  more  chronic  forms  of 
pulmonary  tuberculosis  than  those  who  had  no  tuberculous  progenitors.  Tur- 
ban^ (1899)  noted  similar  condition. 

According  to  Reibmayer,°  the  longer  a  region  is  pervaded  with  tuberculosis, 
the  less  becomes  the  death  rate  from  tuberculosis  in  spite  of  the  greater  dis- 
tribution of  the  infection.* 

Petruschky  believes  that  the  large  number  of  deaths  in  tuberculous  families 
to  be  due  to  (1)  the  high  virulence  of  the  bacilli  which  have  been  tuned  for 
that  family,  (2)  the  greater  opportvmity  for  massive  infection,  and  (3)  the 
earlier  infection  in  childhood. 

Children  in  their  first  year  will  almost  invariably  die  from  such  infection. 
From  year  to  year  thereafter  their  resistance  is  increased,  but  by  the  school  age 
greater  opportunity  for  infection  again  takes  place,  and  the  mortality  again 
increases.  The  next  period  of  greater  mortality  comes  at  a  time  of  life  when 
the  greatest  efforts  and  strains  of  the  bodily  power  are  made  and  the  resist- 
ance gained  by  a  mild  infection  in  childhood  is  over-ridden  by  a  new  infection 
from  without  or  metastasis  from  within. 


*Bushnell,   Col.    G.    E.  :      Imnmiiitv    Through    Tuberculosis    Infection    (The    Military    Surgeon,    1913) 
contains  an  excellent  review  of  this  subject. 
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The  question  of  racial  immunity  must  be  considered  in  relation  to  the  op- 
portunity for  infection.  In  countries  such  as  Turkey  which  was  more  or  less 
unaffected,  Deycke^"  has  shown  that  the  importation  of  tuberculosis  has  been 
followed  by  a  severer  form  and  a  more  acute  course  of  the  disease. 

Petruschky  distinguishes  several  types  of  immunity  in  tuberculosis : 

1.  Genuine,  persistent  nonsensitiveness. 

2.  Different  grades  of  relative  resistance. 

3.  Cellular  and  humoral  changes  which  can  be  brought  about  by  immuniza- 
tion, 

4.  Defensive  phenomena  of   the  tuberculous   organism. 

The  Bang  system  which  has  been  tried  in  Denmark  of  breeding  from  tu- 
berculin-reacting cows,  would  seem  to  be  succeeding  in  producing  healthy  cat- 
tle for  dairy  purposes. 

PathologicaIv  Processes. 

In  the  invasion  of  the  body  by  the  tubercle  bacillus,  the  parasite  strikes 
out  at  once  for  susceptible  tissue.  We  do  not  find  the  first  lesions  in  children 
in  muscle  tissue  for  instance,  but  in  lymph  nodes. 

Ghon^^  believes  there  is  always  a  primary  lesion  in  the  lung  and  from  this 
the  disease  spreads  to  the  nearest  lymph  nodes.  Our  own  experiments  with 
minimum  lethal  doses  would  seem  to  indicate  that  local  lesions  would  depend 
on  the  resistance  of  the  animal  and  also  on  the  numbers  and  virulence  of  the 
bacilli  injected.  Natural  infection  most  probably  takes  place  with  very  few 
bacilli  of  varying  virulence,  and  our  experiments  have  indicated  that  it  would 
be  by  no  means  unusual  for  an  animal  to  escape  a  local  lesion  with  such  minute 
doses  as  ten  to  twenty  bacilli. 

Theobald  Smith^  states  that  it  is  the  rule  in  bovine  infection  for  the  lymph 
nodes  to  become  diseased  without  there  being  any  lesion  at  the  site  of  entry 
of  the  bacilli.  RaveneU-  showed  that  tubercle  bacilli  could  pass  through  the 
normal  intestinal  wall.  Smith  has  also  pointed  out  that  should  bacilli  escape 
from  a  primar}-  focus  in  a  lymph  node,  there  is  no  miliar)^  tuberculosis  but 
isolated  foci  may  appear  in  various  organs.  At  times  these  foci  may  be  absent 
and  the  infection  of  the  organ  only  be  indicated  by  disease  of  its  corresponding 
l_\'m])h  nodes.  "In  spontaneous  infection  the  liacilli  enter  the  lymphatics  only, 
and  the  nodes  act  as  a  temporary  or  permanent  barrier."  In  artificial  sub- 
cutaneous inoculation,  on  the  other  hand,  the  bacilli  may  enter  the  blood  direct. 

From  the  lymph  node  infection  the  reacli\e  processes  cause  a  certain  amount 
of  general  immunity  as  indicated  by  Koch's^"  original  experiments.  Whereas 
the  first  infection  may  have  left  no  local  lesii^n  at  the  point  of  infection,  it  is 
now  quite  dift'erent  and  as  Smith  says:  "Clinically,  the  lymph  node  tuberculosis 
of  children  later  liecomcs  an  organ  tuberculosis,  and  pulmonary  disease  becomes 
the  type  of  later  life." 

The  production  of  organ  tuberculosis  wmild  aL;ain  dc]H-n(l  on  both  num- 
bers and  \irulence  of  the  inxading  bacteria. 

Tubeicle  bacilli  probabK  i)ass  throut;h  the  alveoli  of  the  lungs  as  soot 
does,  ])ossibly  conveyed   by   i)hagocytes   to  the   nearest  lymph   nodes  which  act 
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as  filters.  The  bacilli  finding  a  medium  on  which  they  can  multiply  thn^ugh 
their  ferments  being  able  to  split  the  tissues  to  suit  their  needs,  the  epithelioid 
cells  respond  by  proliferation  to  defend  the  organism.  This  new  tissue  under- 
goes central  necrosis  and  caseation,  and  the  surrounding  tissue  proliferates  and 
forms  a  dense  capsule,  so  hedging  around  the  bacilli.  From  the  point  of  view 
of  the  parasite,  this  process  is  also  a  mechanism  of  defense,  according  to  Smith. 

In  1884  Metchnikofif^*  pointed  out  that  in  the  case  of  anthrax  bacilli  in- 
oculated into  the  blood  of  lizards,  animals  which  are  in  general  very  resistant 
to  anthrax,  these  bacilli  surrounded  themselves  with  a  transparent  sheath  plac- 
ing themselves  in  a  "state  of  defense."  In  a  similar  manner  Metchnikofif  found 
that  the  tubercle  bacillus  in  the  interior  of  the  giant  cells  of  the  gerbil  and  un- 
der the  noxious  substances  contained  in  these  cells,  envelopes  itself  in  a  trans- 
parent sheath.  The  action  of  the  giant  cell  continuing,  a  series  of  such  en- 
velopes may  be  found.  Theobald  Smith^' "°  thinks  that  tubercle  bacilli  coming 
from  a  discharging  focus  are  provided  also  with  some  more  or  less  inert  pro- 
tecting substance  as  an  envelope.  This  envelope  has  to  be  removed  in  some 
unknown  manner  both  in  the  body  and  on  culture  media  before  the  bacillus 
will  multpily. 

The  poisoning  effect  of  the  tubercle  bacillus  is  twofold.  The  bodies  of 
the  bacteria  themselves  can  cause  toxic  processes,  whilst  the  metabolism  of 
the  bacilli  also  produces  a  toxin.  Dead  bacilli  inoculated  under  the  skin  can 
produce  abscesses  (Koch).  The  intravenous  mjections  of  dead  bacilli  into 
guinea-pigs  and  rabbits  cause  a  wasting  away  and  in  time  the  death  of  the 
animals  (Prudden  and  HodenpyP^).  The  fever  production  in  tuberculosis  is 
however  due  to  the  metabolic  products  of  the  bacilli,  and  not  to  the  bacilli 
themselves  (Cornet  and  Meyer^^). 

Aberrant  forms  of  tuberculosis  are  most  common  in  childhood.  Such  are 
infections  of  lymph  nodes,  meninges,  bones,  joints,  etc.  Theobald  Smith  thinks 
this  is  because  the  tubercle  bacillus  is  keyed  to  adult  life  and  chiefly  to  the 
lungs  wdiere  as  a  true  parasite  it  can  have  access  and  egress. 

Tissue   Sei^Ectign. 

The  tubercle  bacillus  has  been  found  in  practically  all  the  tissues  of  man, 
yet  infection  of  muscle  tissue  and  brain  substance  is  indeed  rare.  Council- 
man's^^ description  of  tuberculous  brain  tumors  is  worth  quoting  :  "Elsewhere 
in  the  body  tuberculosis,  save  in  the  unusual  types  of  the  disease  in  the  lymph 
nodes,  but  rarely  appears  in  tumor  form.  In  the  cerebral  tissue  the  disease 
takes  the  form  of  distinct  circumscribed  nodules  which  may  reach  the  size  of 
a  walnut ;  they  are  multiple  or  single,  and  have  little  tendency  to  central  soft- 
ening. They  present  such  differences  from  tuberculosis  elsewhere  that  before 
the  identity  of  the  disease  was  established  they  were  given  a  special  designa- 
tion. They  are  commonly  associated  with  a  chronic  form  of  meningeal  tuber- 
culosis which  may  be  the  primary  or  secondary  infection.  Tuberculosis  of  the 
lungs  in  some  degree  is  always  present.  The  disease  is  twice  as  common  in 
the  cerebellum  as  in  the  brain.  The  solitary  tubercles  take  the  form  of  hard 
white  masses,   round  or  irregular,   and   surrounded   by   a   zone   of   more  active 
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tissue  in  which  miliary  points  of  caseation  can  be  distinguished.  The  nodule 
increases  in  size  by  the  formation  of  mihary  foci  immediately  around  it  which 
becomes  included  in  the  central  caseous  mass." 

There  can  be  no  doubt  that  the  tubercle  bacillus  is  especially  suited  to 
attack  the  lymph  nodes  of  children  and  the  lung  tissue  of  adults.  Should  other 
tissues  be  invaded,  it  may  be  partly  the  result  of  accident  and  partly  due  to 
variations  in  the  bacillus  or  the  soil. 

The  Relation  oe  the  Ductless  Glands. 

The  most  important  recent  work  in  connecting  a  ductless  gland  with  tuber- 
culosis immunity  is  that  of  Lewis  and  ^largot.*-  They  observed  that  in  mice 
and  rats  infected  with  virulent  cultures  of  bovine  tubercle  bacilli  an  almost 
constant  hyperplasia  of  the  spleen  was  noticed.  Lewis  and  Margot  found  that 
removal  of  the  spleen  in  albino  mice  greatly  increased  their  resistance  to  an 
intraperitoneal  infection  and  limited  the  generalization  of  the  infection.  That 
such  a  result  was  not  due  to  interference  with  the  distribution  of  the  bacilli 
through  the  portal  circulation  was  proved  by  subsequent  experiments.  In  these 
it  was  found  that  splenectomized  mice  which  had  become  tolerant  to  the  feed- 
ing of  splenic  tissue  showed  no  more  resistance  to  tuberculous  infection  than 
normal  mice.  Lewis  and  Margot  conclude  therefore  that  when  a  spleen  is 
removed  some  bodily  function  which  makes  for  susceptibility  to  infection  with 
the  tubercle  bacillus  is  also  removed. 

An  enlargement  of  the  thyroid  gland  is  very  frequent  in  early  cases  of 
pulmonary  tuberculosis,  whereas  in  late  stages  of  the  disease  this  gland  would 
appear  to  share  in  the  general  atrophy.  \Mien  enlarged,  it  is  usually  soft  to 
the  touch. 

A  small  number  of  experiments  were  undertaken  by  Dr.  Gilbert  and  my- 
self to  study  the  effect  of  the  removal  of  the  thyroids  upon  tuberculosis  in 
guinea-pigs.  Portions  of  the  thyroid  gland  varying  from  three-fourths  to  the 
whole  amount  were  removed  under  ether.  Under  similar  conditions,  the  thy- 
roids of  the  control  pigs  were  exposed  but  not  removed.  Four  weeks  later  each 
pig  received  in  the  nipple  area  a  subcutaneous  inoculation  of  forty  living  viru- 
lent human  tubercle  bacilli.  The  general  results  may  be  briefly  summarized  as 
follows : 

Scries  A. — TJirce-qnartcrs  of  ihc  thyroid   tissue   -iCas  reiiwred. 

1.  The  general  condition  and  a[)pearance  when  killed  was  strikingly  dif- 
ferent. While  the  cniUnil  pi^s  were  thin  and  enKiciated  and  dying,  the  others 
were  fat  and  healthy  in  appearance. 

2.  The  amount  of  tuberculosis  produced  did  not  differ  materially  in  the 
two  sets  of  pigs. 

3.  Local  lesions  were  more  frequent  and  prominent  in  the  controls. 

4.  Hyperemia  of  the  remains  of  thyroid  tissue  was  noted  at  autopsy. 

Scries  B  and  C. — All  thyroid  tissue  -was  removed. 

1.  The  extent  and  distribution  of  the  tuberculosis  were  not  affected. 

2.  The   pigs   without    thyroids    showed   marked    signs   of   myxedema. 
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In  general,  tuberculous  guinea-pigs  which  have  been  killed  during  the  course 
of  the  disease  have  shown  enlargement  of  the  thyroid  gland. 

The  influence  on  the  course  of  established  tuberculosis  was  also  studied. 
The  tuberculous  pigs  from  whom  the  thyroids  were  removed  died  earlier  and 
had  more  extensive  tuberculo>is  than  the  controls.  • 

These  experiments  would  seem  to  suggest  that  in  tuberculous  infection  in 
guinea-pigs  the  thyroid  gland  tends  to  hypertrophy  but  that  any  decided  bear- 
ing on  immunity  processes  is  not  detected. 

In  chickens  infected  with  the  "Spirocheta  Gailinarum"  enlargement  of  the 
spleen  and  also  of  the  thyroid  gland  has  been  noted.  Launoy  and  BruhH^  ex- 
perimented with  this  disease  after  the  removal  of  each  of  these  glands  and  they 
were  unable  to  determine  that  their  removal  increased  the  resistance  of  the  ani- 
mals. Removal  of  the  thyroid  did  not  modify  the  infection.  Removal  of  the 
spleen  appeared  to  increase  the  rapidity  of  the  disease. 

Clinicians  have  noted  the  increase  of  temperature  at  the  menstrual  periods 
of  tuberculous  women.  The  effect  of  tuberculosis  on  menstruation  can  be  quite 
marked,  so  that  upwards  of  50  per  cent  of  cases  may  suffer  from  some  degree 
of  amenorrhea.  In  advanced  cases  many  tuberculous  women  cease  to  men- 
struate, and  this  has  been  noted  also  in  the  earlier  stages,  especially  in  young 
girls.  We  see  not  uncommonly  tuberculous  women  having  hemoptysis  at  every 
menstrual  period  for  several  consecutive  months.  Macht-"  in  summarizing  the 
influence  of  menstruation  on  a  tuberculous  process  states : 

1.  There  can  be  an  aggravation  of  all  symptoms  and  accentuation  of  phys- 
ical signs. 

2.  The  effects  of  "ovulation"  may  continue  after  the  menstrual  flow  has 
been  suppressed. 

3.  Periodic  variations  in  temperature  are  very  common  and  occur  in  prob- 
ably 50  per  cent  of  all  cases. 

Hollos-^  believes  that  such  toxic  phenomena  in  tuberculous  women  stand 
in  some  relation  to  the  degree  of  immunity  possessed  by  the  individual. 

The  Relation  of  the  Blood. 

Bartel"-  noted  a  defensive  action  of  the  lymphocytes  to  tuberculous  infec- 
tion. It  has  been  long  recognized  that  lymphocyte  cells  take  a  large  share  in 
the  formation  of  tubercles.  Bergel,-^  also  Marie  and  Fiessinger-^  were  able  to 
prove  that  lymphocyte  cells  contained  a  lipase  which  could  split  the  wax  of 
tubercle  bacilli.  Tubercle  bacilli  them.selves  have  also  been  found  to  contain  a 
lipase.  Such  a  quality  may  help  to  explain  the  selection  of  tubercle  bacilli  for 
lymph  nodes.  It  would  seem  possibly  a  paradox  that  lymphoid  tissue  should 
exhibit  a  definite  role  and  yet  be  the  choice  selection  for  these  bacilli. 

Murphy-^  showed  in  animals  whose  h^mphoid  tissue  had  been  destroyed  by 
x-rays  a  greater  susceptibility  to  tubercle  bacilli. 

Children  have  a  larger  number  of  lymphocytes  (6,000  per  cm.)  in  their 
blood  than  adults,  and  this  increased  number  diminishes  at  puberty  to  the  adult 
picture  (3,000  per  cm.). 

For  a  long  time  it  has  been  noted  that  the  blood  platelets  were  usually  in- 
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creased  in  all  forms  of  tuberculosis.  Nature  rarely  increases  such  elements 
without  a  definite  purpose.  Leucocytosis  in  pneumonia  and  in  other  affections 
is  better  understood  since  the  phagocytosis  discoveries  of  Metchnikofif.-^ 

We-'  have  reported  experiments  which  would  indicate  that  blood  platelets 
either  carry  or  supply  opsonins.  Duke-''  has  shown  that  these  elements  are 
decreased  by  large  injections  into  guinea-pigs  and  rabbits  of  different  bacterial 
elements  but  that  small  doses  stimulate  an  increased  production  of  platelets. 
We  have  found  in  a  few  cases  of  miliary  tuberculosis  a  great  diminution  of  plate- 
lets, but  in  almost  all  cases  of  pulmonary  tuberculosis  and  in  the  tuberculosis 
of  laboratory  animals  we  have  noted  an  increase  of  these  elements. 

Artificial   Immunization   against   Tuberculosis.* 

Almost  the  greatest  prize  in  preventive  medicine  today  is  to  find  a  method 
of  immunizing  the  human  race  against  tuberculosis.  With  hygiene  alone  small- 
pox cannot  be  controlled,  and  it  is  safe  to  say  that  hygiene  will  never  be  suffi- 
cient alone  to  prevent  tuberculosis.  America  has  always  been  in  the  front 
ranks  in  endeavoring  to  discover  a  method  of  immunization.  I  would  refer 
the  reader  to  a  review  of  these  efforts  in  a  paper  Vw  the  author'-''  in  190S.  The 
foreign  work  is  reviewed  well  by  Cornet  and  Meyer. ^'' 

We  must  remember  at  the  start,  that  in  successful  vaccination  of  all  dis- 
eases knovvn  today,  absorption  of  the  virus  by  phagocytosis  is  the  essential  con- 
dition of  success.     The  tubercle  bacillus  does  not  lend  itself  to  such  absorption. 

In  any  discussion  of  artificial  immunization  we  must  always  recall  the  early 
experiments  of  Koch.^^ 

"If  a  normal  guinea-pig  is  inoculated  with  tubercle  bacilli,  the  point  of 
inoculation  very  soon  closes.  After  ten  to  fourteen  days  there  appears  at  this 
site  a  small  hard  nodule  which  finally  ulcerates.  This  shows  no  tendency  to 
heal,  and  remains  so  until  the  death  of  the  animal.  If,  however,  an  already 
tuberculous  guinea-pig  is  similarly  inoculated,  while  the  point  of  inoculation 
also  closes,  no  indurated  nodule  appears.  Instead,  a  necrotic  process  of  the 
skin  sets  in  after  the  second  day,  which  finally  terminates  in  the  casting  oft'  of 
the  slough  and  the  formation  of  a  flat  ulceration  that  heals  rapidly.  Neither 
do  the  neighboring  lymph  nodes  become  infected.  It  does  not  matter  whether 
living  or  dead  tubercle  bacilli  are  used  for  the  second  injection." 

Romer'"'  found  that  tubercle  bacilli  injected  into  a  tuberculous  animal  might 
not  be  destroyed  at  the  site  of  inoculation  but  could  bo  held  in  the  tissues  in  a 
living  and  virulent  state  without  the  production  of  a  tuberculous  lesion,  and 
even  multiplication  might  take  place.  He  failed  to  demonstrate  a  lytic  process 
such  as  can  Ijc  observed  in  the   Pfeifer  plienomenon    lor  instance. 

Manwaring  and  Bronfenbrenner^^  claim  lo  lia\e  demonstrated  a  Ixiic  proc- 
ess brought  alioul  b\'  llie  peritoneal  cells  in  luborculous  guinea-pigs.  They 
proved  that  such  power  was  not  connected  with  any  >ubstance  present  in  the 
circulating  blood. 

*Sincc  tliis  was  written  a  paper  lias  appeared  in  the  Journal  of  Out-door  L,'\fe  b/  D,*.  Victar 
O.  Ilciser,  in  wliicli  it  is  claimed  that  tnln'rculosis  has  l)een  |iractically  eradicated  from  the  State  of 
\'ictoria.  Further  coiilirniation  of  this  will  he  needed,  yet  the  iiuthods  employed  seem  well  worthy 
of    being    copied. 
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Kraus  and  Hofer"-  found  that  tubercle  bacilli  injected  \nu>  the  peritoneal 
cavity  of  tuberculous  guinea-pigs  were  destroyed  quickly  by  lysis. 

Hamburger''^  also  demonstrated  by  experiment  that  all  the  bacilli  of  the 
second  inoculation  are  not  always  killed.  He  found  that  some  months  after 
the  second  inoculation,  a  tuberculous  process  may  appear  and  develop  like  a 
primary  infection. 

Romer"°  has  shown  that  Koch's  original  experiments  only  hold  good  pro- 
vided : 

1.  The  first  infection  must  be  a  weak  one  allowing  the  disease  to  run  a 
chronic  course.  (Koch's  guinea-pigs  had  been  infected  some  weeks  when  he 
gave  the  second  inoculation.) 

2.  The  intervals  between  the  first  and  second  inoculations  must  be  long 
enough  to  have  allowed  the  development  of  some  degree  of  immunity. 

3.  The  number  and  virulence  of  the  second  inoculation  must  not  be  too 
great. 

Vaughan's^"^  explanation  of  the  changed  reaction  to  Koch's  second  inocula- 
tion is  that  the  lytic  agent  which  destroys  the  tubercle  bacillus  is  produced  in 
large  amount  in  tuberculous  animals  because  the  cells  of  these  animals  have 
been  sensitized  and  store  up  a  zymogen  which  is  activated  when  tuberculo-pro- 
tein  is  brought  in  contact  with  the  cell.  "The  ferment  is  capable  of  destroying 
only  a  given  amount  of  bacilli  or  is  w^iolly  inactive  in  the  presence  of  a  great 
amount  of  substrate,  or  its  action  is  soon  interrupted  by  the  accumulation  of 
fermentative  products." 

It  may  be  that  while  some  bacilli  can  be  destroyed  others  have  time  to  de- 
velop their  protecting  sheath  and  so  defy  destruction. 

In  Koch's  experiments,  it  is  probable  that  these  bacilli  were  largely  thrown 
off  in  the  slough,  many  possibly  unchanged. 

Koch's  conclusions  from  all  his  work  in  the  production  of  immunity  to 
tuberculosis  lead  him  to  state  that  he  believed  tubercle  bacilli  could  never  be 
absorbed  living  or  dead,  and  at  the  same  time  he  would  never  expect  any  ap- 
preciable immunity  to  be  produced  except  by  the  use  of  living  and  virulent 
bacilli. 

Calmette^^  is  of  the  opinion  that  tubercle  bacilli  are  never  destroyed  by  the 
body  cells  and  is  certain  they  can  be  eliminated  by  the  bile  and  at  times  by  the 
kidneys. 

Pathologists  agree  that  they  rarely  if  ever  have  seen  tubercle  bacilli  under- 
going lysis. 

Much^^  has  claimed  that  a  type  of  the  bacillus  free  of  the  waxy  covering 
similar  to  that  sometimes  found  in  early  cultures  can  be  discovered  in  tuber- 
culous lesions  and  in  tuberculous  discharges.  Much's  hypothesis,  however,  is 
not  yet  firmly  established  and  cannot  yet  be  offered  in  explanation  of  the  dis- 
appearance of  tubercle  bacilli  in  lytic  experiments  such  as  those  conducted  by 
Manwaring.^'^ 

Ivowenstein^^  has  said  that  "only  the  tuberculous  organism  is  tuberculosis 
immune." 

Vaughan  has   found   the   tubercle  protein  to   contain  less   poison  than   the 
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cellular  protein  of  the  colon  and  typhoid  bacilli.  By  means  of  splitting  up  the 
cellular  substance  of  tubercle  bacilli  with  alkali  in  absolute  alcohol,  Vaughan 
has  obtained  a  poison  similar  to  bodies  which  have  been  procured  from  bacterial 
vegetable  and  animal  proteins.  Given  in  sufficient  quantities,  the  poison  kills 
within  an  hour  both  healthy  and  tuberculous  animals.  Vaughan  concludes  from 
his  work  that  no  preparation  from  the  tubercle  bacilli  should  be  used  in  the 
treatment  of  tuberculosis  until  the  poisonous  group  of  the  tuberculous  protein 
be  removed. 

Obtaining  the  cellular  substance  from  tubercle  bacilli  by  extracting  first 
with  alcohol  and  then  with  ether,  Vaughan  has  found  that  with  it  guinea-pigs 
may  be  sensitized  to  the  tubercle  bacillus. 

Baldwin'^  and  later  Krause*''  have  made  important  contributions  to  our 
knowledge  on  sensitization  to  tubercle  protein  but  have  discovered  no  new  pro- 
cedure so  far  in  the  production  of  appreciable  immunity  to  tuberculosis. 

Krause's  conclusions  are  as  follows : 

1.  Sensitization  of  nontuberculous  guinea-pigs  with  tubercle  protein  does 
not  alter  their  resistance  to  experimental  tuberculous  infection. 

2.  Sensitization  to  tubercle  protein  and  relative  immunity  (increased  re- 
sistance)   to  infection  can  occur  coincidentally   in   the   same   animals. 

Besredka'*^  believes  that  of  all  varieties  of  vaccmes,  sensitized  living  vac- 
cine is  able  to  develop  the  maximum  amount  of  protective  substances.  To  prove 
that  the  use  of  such  is  without  danger  in  certain  diseases,  Besredka  shows  that 
15,000  people  have  been  inoculated  with  a  vaccine  prepared  from  living  typhoid 
bacilli  without  local  or  general  reaction  resulting.  In  addition,  hundreds  have 
been  treated  with  living  sensitized  staphylococci,  streptococci,  gonococci,  etc. 

In  applying  such  principles  to  immunization  in  tuberculosis,  Baldwin*-  has 
found  that  by  the  addition  of  an  immune  serum  obtained  from  a  cow  to  living 
tubercle  bacilli,  animals  became  infected  more  severely  tlian  the  controls. 

We*^  have  inoculated  guinea-pigs  with  a  minimum  lethal  dose — about  thirty 
bacilli — after  incubation  with  immune  serum  obtained  from  tuberculous  guinea- 
pigs.     The  resulting  infection  has  been  similar  to  that  of  the  controls. 

We**  have  also  added  to  such  minimum  lethal  doses  of  virulent  tubercle 
bacilli  "immune"  platelets  and  "immune"'  lymphocytes  obtained  from  tubercu- 
lous guinea-pigs,  and  we  have  found  that  infection  is  not  constantly  avoided 
and  also  that  the  infection  resulting  has  been  similar  in  degree  to  that  of  the 
controls.  We  do  not  believe,  therefore,  that  there  is  any  way  of  sensitizing 
virulent  living  tubercle  bacilli  to  render  them  of  service  for  vaccination. 

It  would  now  seem  to  he  (juite  settled  that  the  inoculation  of  human  bacilli 
into  cattle  for  immunization  purposes  has  proved  a  failure,  both  because  of  the 
short  duration  of  the  immunity  and  the  dangers  from  the  bacilli  getting  into 
the  milk. 

The  partial  immunity  of  animals  inoculated  with  bacilli  of  low  virulence 
such  as  in  Trudcau's*''  experiments,  has  possilily  always  been  due  to  the  pro- 
duction of  mild  unrecognized  infections  in  these  animals. 

We  know  today  that  the  human  race  is  constantly  exposed  to  infection  by 
tubercle  bacilli,  the  numbers  and  virulence  of  which  are  matters  of  chance  to 
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each  individual.  From  such  chance  infections,  however,  the  race  becomes  in 
a  crude  manner  vaccinated  to  a  certain  degree  against  the  disease.  Nature, 
however,  in  doing  so,  causes  the  death  of  many  inchviduals,  especially  in  child- 
hood. 

The  consensus  of  opinion  among  those  who  have  tried  to  produce  immu- 
nity in  animals  is  that  Koch  was  correct  in  recognizing  that  the  living  bacillus 
must  be  employed.  Unlike  the  successful  immunization  against  typhoid  with 
dead  bacilli,  in  tuberculosis  it  would  appear  to  be  necessary  that  there  should 
be  a  struggle  l^etween  the  living  bacillus  and  the  living  cell  before  any  appreci- 
able immunity  is  registered.     Such  a  contest  is  probably  one  of  ferment  action. 

This  was  indeed  the  basis  of  the  original  hypothesis  of  Welch,'*''  that  "in 
the  struggle  between  the  bacteria  and  the  body  cells  .  .  .  each  participant  is 
stimulated  by  its  opponent  in  the  production  of  cyto-toxins  hostile  to  each  other, 
and  thereby  endeavors  to  make  itself  immune  a.j^ainst  its  antagonist." 

Besredka*^  has  shown  that  in  general  animals  immunized  with  living  sensi- 
tized organisms  develop  some  agglutinating  power,  but  their  serum  has  a  high 
bactericidal  power  and  is  ricli  in  antibodies.  Animals,  on  the  other  hand,  im- 
munized with  heat-killed  organisms  develop  a  marked  agglutinating  power,  but 
their  serum  is  weak  in  bactericidal  powers  and  the  amount  of  antibodies  is 
negligible. 

In  tuberculosis,  the  protection  due  to  antibodies  would  seem  to  be  of  sec- 
ondary importance  to  that  due  to  the  lytic  powers  of  the  fixed  tissue  cells. 

Antibodies  such  as  specific  lysins  are  not  easily  demonstrated  in  the  blood 
of  tuberculous  animals  or  people. 

The  parenteral  introduction  of  foreign  proteins  in  general  is  followed  by 
the  production  of  specific  antibodies.  Such  specific  antibodies  have  not  yet 
been  shown  to  be  of  the  nature  of  specific  protective  ferments.  The  work  of 
Opie*^  and  later  Manwaring  suggest,  however,  that  the  tubercle  bacillus  is  op- 
posed by  cell  ferments. 

The  lack  of  very  demonstrable  specific  antibodies  in  the  serum  of  tubercu- 
lous animals  would  presuppose  the  failure  that  has  been  met  in  attempts  to  de- 
velop a  passive  form  of  immunity.  On  the  other  hand,  by  the  use  of  a  special 
growth  of  tubercle  bacilli  as  an  antigen,  Besredka**  has  found  that  it  would 
seem  possible  to  use  the  methods  of  complement  fixation  to  recognize  the  pres- 
ence of  an  active  tuberculosis. 

With  the  knowledge  we  now  have  that  a  very  few  bacilli  can  produce  tuber- 
culosis, it  would  seem  wise  to  experiment  more  with  definite  numbers  rather 
than  with  moderate  quantities  of  bacilli. 

It  is  realized  that  practically  the  whole  human  race  is  infected  at  some 
time  with  this  disease,  and  that  the  infection  takes  place  with  bacilli  whose 
numbers  and  virulence  are  beyond  our  control. 

The  ingenious  technic  elaborated  by  Barber^"  for  the  isolation  of  single 
organisms  allows  us  to  produce  infection  of  guinea-pigs  with  a  small  definite 
number  of  tubercle  bacilli. 

It  frequently  happens  that  when  a  small  lethal  dose — say  twenty  virulent 
tubercle  bacilli — is  inoculated  subcutaneously,  no  local  lesion  will  be  produced. 
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In  such  cases,  the  nearest  lymph  nodes  usually  first  indicate  disease.  Similarly 
the  inoculation  of  a  small  lethal  dose  into  an  already  tuberculous  pig  is  never 
followed  b}'  a  necrotic  process  in  the  skin. 

The  local  lesions  of  Koch's  original  experiments  hold  good  only  then  for 
the  inoculation  of  quantities  or  moderate  quantities  of  bacilli,  and  not  for  mini- 
mal quantities.  The  processes  of  immunity,  however,  indicated  by  the  changed 
reaction  to  the  second  inoculation  hold  good  for  all  time  and  are  the  founda- 
tion on  which  almost  all  subsequent  research  has  been  laid. 

LocAi^  Immunity. 

Smith^  found  that  by  injecting  a  suspension  of  dead  tubercle  bacilli  into 
the  peritoneal  cavity  of  a  guinea-pig,  in  a  few  weeks  the  animal  became  sensi- 
tive to  tuberculin.  Should  a  second  similar  dose  be  injected  then  into  the  per- 
itoneal cavity,  there  is  a  tuberculin  reaction  accompanied  by  fever  and  loss  of 
weight.  This  reaction  Smith  thought  to  be  due  to  the  rousing  of  a  local  im- 
munity by  his  first  reaction.  Inoculating  similar  guinea-pigs  under  the  skin, 
he  found  there  was  a  slight  degree  of  general  immunity,  but  this  was  distinctly 
below  the  influence  imparted  locally.  Smith  advocates  the  trial  of  whole  bacilli 
killed  by  heat  at  60'  for  immunization  of  the  human  race,  stating  that  such 
bacilli  are  much  more  efficacious  than  old  tuberculin. 

The  very  objection  that  Koch  found  in  the  bodies  of  the  bacilli  forming 
an  abscess  Smith  feels  would  be  advantageous  by  causing  a  local  focus  as  in 
the  subcutis  from  which  immunity  might  radiate. 

C1.1NICA1,  Considerations. 

The  altered  reactivity  toward  tubercle  bacilli  in  an  infected  person  is  spo- 
ken of  as  allergy.  This  allergy  is  due  to  the  infecting  organism  possessing  anti- 
bodies which  can  supposedly  digest  the  bacillus  and  its  poisons. 

A  result,  possibly  comparable  to  Koch's  second  inoculation,  is  evidenced 
when  an  allergic  individual  is  subjected  to  a  new  lung  infection.  A  cavity  is 
formed,  a  result  similar  to  the  necrosis  and  sloughing  of  the  skin  as  described 
by  Koch,  but  in  this  case,  healing  is  not  so  certain. 

A  patient  with  measles  is  particularlv  vulnerable  to  many  infections,  such 
as  diphtheria,  influenza,  and  especially  tuberculosis.  Should  measles  occur  in 
a  tuberculous  individual,  a  condition  of  anergy  is  i)ri)duce(l,  and  the  reaction  to 
tuberculin  is  lost. 

In  childhood  the  condition  recognized  as  scrofula  on  the  other  hand  brings 
with  it  a  condition  of  hyperergy  or  exaggerated  activity.  Such  scrofulous  chil- 
dren usually  get  well,  and  later  in  life  would  seem  to  have  a  higher  immunity 
against  pulmonary  disease  than  their  fellows. 

Ijaldwiir"'  has  shown  that  by  the  removal  of  tubercles  all  sensitiveness  to 
tuberculin  disappears,  and  soon  all  immunit\  to  the  disease  is  lost.  This  ob- 
server claims  that  the  same  thing  happens  wlu'u  luberclcs  become  thoroughly 
fibrous  or  calcified,  and  he  concludes  that  in  the  allergic  condition  of  the  tuber- 
culous is  contained  the  relative  immunity.     It  would  appear  therefore  that  from 
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a  tuberculous  focus  a  constant  stream  of  some  sensitizing  material  emanates 
which  keeps  tuned  up  the  cells  of  the  distant  tissues. 

When  patients  are  kept  under  sanatorium  regime  they  regain  their  toler- 
ance for  the  bacillus,  and  the  majority  of  open  cases  become  "carriers."  By 
prolonged  rest  these  people  are  freed  to  a  very  great  degree  from  massive  re- 
infective  metastatic  doses  of  the  bacilli  and  are  able  to  withstand  small  dosage. 
The  regime  of  sanatorium  treatment  reduces  the  allergic  condition  of  the  in- 
dividual, the  aim  being  to  promote  encapsulation  and  fibrosis.  Clinicians  fre- 
quently have  noted  the  improvement  in  health  in  those  cases  which  have  de- 
veloped a  serous  pleural  effusion.  We  are  observing  this  possibly  more  today 
than  formerly,  owing  to  the  usage  of  artificial  pneumothorax.  From  such  serous 
fluids  we  have  readily  grown  tubercle  bacilli. 

Baldwin'^^  has  noticed  benefit  in  such  cases  when  the  fluid  has  been  de- 
cidedly purulent,  and  we  have  also  observed  similar  conditions. 

T.  von  Muralt^-  claims  that  in  pleural  exudates  there  is  a  decided  beneficial 
effect  through  absorption  of  the  theoretical  antibodies  contained  in  the  exudate. 

In  the  human  race  as  age  advances,  after  forty,  the  death  rate  from  tu- 
berculosis decreases.  Elderly  people  also  do  not  react  to  tuberculin  as  do  young 
people,  and  yet  they  would  appear  to  have  a  high  degree  of  resistance  to  tuber- 
culosis. 

Immunization  by  the  Inoculation  of  Living  Organisms  Beginning  with 

One  or  a  Few  Organisms. 

Koch  decided  that  a  living  and  virulent  bacillus  must  be  employed  to  pro- 
duce successful  immunity  against  tuberculosis.  Koch  also  decided  that  "we 
shall  not  succeed  in  habituating  the  organism  to  absorbing  entire  bacilli  which 
have  been  injected  subcutaneously ;  and  by  injecting  small  quantities  of  them, 
we  shall  not  habituate  the  organism  to  absorbing  more." 

For  several  years  we  have  been  engaged  in  attempting  therefore  the  seem- 
ingly impossible.  With  a  human  culture  several  years  old,  we  were  enabled 
to  inoculate  guinea-pigs  successfully  with  gradually  increased  numbers,  which 
totaled  many  thousand  times  the  lethal  dose^*  (AI.  h.  D.  125  bacilli).  With 
recently  isolated  cultures  (i\I.  L.  D.  10  bacilli),  we  have  always  failed  in  this 
method. 

Inoculating  a  series  of  monkeys^^  (Macacus  Rhesus)  with  gradually  in- 
creasing numbers  of  a  human  culture  of  which  the  minimum  lethal  dose  was 
thirty-five  bacilli,  we  were  successful  in  some  monkeys  in  inoculating  totals  of 
over  ten  thousand  times  this  lethal  dose.  The  examination  of  the  tissues  and 
the  injection  of  different  macerated  lymph  nodes  and  organs  into  guinea-pigs 
failed  to  show  any  tuberculosis.  \\'e  therefore  have  felt  that  a  true  immunity 
may  be  produced  in  this  manner. 

Unfortunately  all  monkeys  were  not  so  successfully  inoculated,  and  one  be- 
came infected  with  even  small  doses  cautiously  increased,  and  before  it  had 
reached  1,000  bacilli.  Out  of  a  series  of  six  monkeys,  four  were  successfully 
inoculated  and  two  failed.  One  of  the  failures  has  just  been  referred  to,  and 
in  the  other  case  the  dosage  was  increased  vmusually  rapidly.     \\'ith  a  culture 
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somewhat  less  virulent,  we  should  expect  constant  success  in  monkeys,  judging 
by  our  experiences  with  guinea-pigs. 

The  question  at  once  arises,  will  the  modified  virulence  remain  so  or  will 
the  bacilli  after  inoculation  become  more  \irulent.  This  question  only  a  larger 
number  of  experiments  can  determine. 

Having  isolated  many  cultures  from  different  cases  of  pulmonary  tubercu- 
losis, we  have  found  some  variance  in  their  virulence  judged  by  the  smallest 
numbers  required  to  kill  guinea-pigs. 

The  children  inoculated  five  vears  aso  with  a  culture  of  which  the  mini- 
mum  lethal  dose  for  a  guinea-pig  was  found  to  be  125  bacilli  still  remain  in 
perfect  health  and  do  not  respond  to  the  von  Pirquet  test.  The  method  is 
unfortunately  not  practical  and  yet  further  experimentation  might  make  it.  so. 

From  our  work  we  have  been  convinced  that  infection  takes  place  usually 
in  childhood  with  very  small  numbers  of  bacilli,  and  that  if  an  immunity  in 
childhood  can  be  raised  to  even  a  slight  degree  we  should  probably  achieve  a 
successful  vaccination  to  tuberculosis. 
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TISSUE  CELLULAR  PROTEIN  POISONS* 

By  Ja.mes  G.  Gumming,  M.D..  Bkkkki.i-.v,  C.m.if..  and  John  S.  Chambers,  M.S. 

Ann  Arbor.  Mich. 


VAUGHAX'S  protein  poison  can  be  derived  not  only  from  patliogenic  bac- 
teria, but  also  from  nonpathogenic,  from  proteins  of  the  vegetable  world, 
from  albumins  or  globulins,  and  finally,  as  shown  in  this  paper,  from  the  tissue 
cells  of  exsanguinated  organs  of  multicellular  organisms. 

Since  as  Vaughan  has  pointed  out,  although  bacteria  are  usually  classified 
as  microscopic  plants,  yet  owing  to  their  chemical  constitution  they  properly  be- 
long to  the  animal  kingdom,  it  was  assumed  in  the  work  here  reported,  that  the 
protein  poison  could  be  obtained  from  the  tissues  from  multicellular  as  well  as 
unicellular  animals. 

Tissues  including  muscle,  brain,  heart,  lungs,  liver,  pancreas,  and  kidney 
were  obtained  from  the  dog,  goat,  ox,  and  rabbit.  Because  the  protein  poison 
can  be  obtained  from  blood  constituents  it  was  necessarv"  to  remove  these  be- 
fore clotting  occurred,  thus  securing  organs  free  from  water  soluble  protein. 
The  following  procedure  was  carried  out  to  gain  this  result  with  the  dog.  goat, 
and  rabbit ;  the  animal  was  first  anesthetized,  then  a  glass  cannula  was  intro- 
duced into  the  abdominal  aorta;  the  jugulars  were  then  cut  and  water  was 
forced  under  mild  pressure  into  the  circulatory  system.  Several  liters  of  wash 
water  were  used  in  each  case,  the  washing  being  continued  until  the  fluid  run- 
ning from  the  jugulars  had  lost  its  red  tinge.  The  ox  organs  were  removed  im- 
mediately after  death,  and  each  was  washed  free  from  blood  by  forcing  water 
through  its  circulatory  system.  The  organs  were  cut  into  half-inch  cubes  and 
washed  in  water  with  frequent  changes ;  the  final  wash  water  gave  none  of  the 
tests  for  protein.  The  tissues  were  then  dehydrated  in  80  per  cent  and  100  per 
cent  alcohol  each  for  twenty-four  hours.  They  were  then  dried  and  powdered 
with  a  fine  meat  grinder. 

Vaughan's  standard  procedure  for  splitting  ofi^  the  poison  is  here  quoted : 

*From   the    Hygienic    Laboratory   of  the   University   of  Michigan. 
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The  powdered  tissue  was  extracted  in  a  Soxiilet  apparatus,  first  with  alcohol-  until 
the  wash  alcohol  was  colorless,  then  with  ether  for  from  twelve  to  eighteen  hours.  The 
pure  tissue  protein  thus  obtained  was  dried  and  then  split  into  its  poisonous  and  non- 
poisonous  parts  with  an  alcoholic  solution  of  2  per  cent  sodium  hydrate  in  the  propor- 
tion of  250  c.c.  of  the  alcoholic  solution  to  10  grams  of  the  pure  protein.  The  splitting 
process  was  continued  for  an  hour  at  78'  C,  the  alcoholic  mixture  bein;|-  kept  agitated 
during  this  time  by  a  mechanical  mixer.  The  insoluble  nonpoisonous  part  was  then  sep- 
arated from  the  soluble  poisonous  part  by  filtration.  The  sodium  hydrate  was  neutralized 
with  hydrochloric  acid,  and  the  alcoholic  insoluble  sodium  chloride  was  filtered  off.  The 
alcoholic  solution  of  poison  was  then  evaporated  to  dryness,  taken  up  again  in  alcohol 
to  remove  the  last  trace  of  salt,  and  finally  evaporated.  The  poisonous  residue — ^the  final 
product — was   then   powdered. 

Tabulation  A  gives  the  loss  in  weight  as  a  result  of  dehydration  and  dry- 
ing, extraction  with  alcohol  and  ether,  and  the  final  percentage  yield  of  the  split 
poisonous  part. 

TABULATION   A. 


SOURCE. 

FRESH 
TISSUE. 

DRY 
SUBSTANCE. 

AFTER    EXTRAC- 
TION  WITH   ALCOHOE 
AND    ETHER. 

PERCENTAGE 

YIELD   OF 

POISON. 

Ox   liver 

235  gms. 

49 

gms. 

44 

gms. 

28^= 

Ox    heart 

245     " 

57 

37 

37 

Ox    kidney 

250    " 

37 

33 

32 

**Ox    blood    cells 

2,500  c.c. 

2.8 

2.6 

25 

Dog    muscle 

320  gms. 

82 

sz 

66 

Dog    liver 

255    " 

56 

43 

46 

Dog    spleen 

3Z    " 

7 

5.5 

36 

Dog    kidney 

.52     " 

11 

10 

31 

Dog    pancreas 

31     " 

4.3 

3.8 

32 

*This  is  the  percentage  yield  of  poison  obtained  from  the  protein  after  extraction  with  alcohol 
and  ether. 

**The  ox  blood  cells  were  prepared  by  lirst  drawing  the  fresh  blood  into  sodium  oxalate  solution  to 
prevent  coagulation.  The  blood  cells  were  then  washed  repeatedly  with  water,  their  separation  being 
facilitated  by  centrifugation  after  each  washing.  The  washing  procedure  was  continued  until  the  cells 
were  free  from  hemoglobin  and  serum.  So  here  we  have  cells  which  are  free  from  water  sojiilde  pro- 
tein, thus,  only  that  part  of  the  cell  remains  which  enters  into  the  actual  makeup  of  tlie  cell-ground  sub- 
stance. 

Tabulation  B  gives  the  .'sources  of  the  [)()isons,  their  d(JSc^  inlraperitoneally, 
and  the  results  in  guinea-pigs. 


SOURCE   OF 
POISON. 

INJECTION 

INTRAPERI- 

TONEALEY. 

Ox  liver 

25 
50 

ngs. 

100 

Ox  hcurt 

25 

50 

100 

Ox  kidney 

25 

50 

100 

Ox   blood  cells 

25 

50 

100 

TABULATION  B. 


RKSl'l.TS    IN    CUINEA-PK'.S. 


Severe  symptoms. 

Peripheral    irritation.    iiaral_\sis,    death    12    iiiiiuilcs. 
Convulsions,  death  10  minutes. 
Mild  symptoms. 
Convulsions,  death  20  niinules. 
Peripheral  irritation,  convulsions,  death  23  minute 
Severe  symptoms. 
Per.  irr..  deatli  6  nu'nutes. 
.  on  v., 

Severe  symptoms. 

Per.  irr.,  par.  paral.,  death  17  niimUes. 
Kuf.  coat,  per.  irr.,  par.  paral..  deatli  20  miniUos. 
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TABULATION    B.— Continued. 


SOURCE  or 

POISON. 

Dog  muscle 

Dog  liver 

Dog  spleen 

Dog  kidney 

Dog  pancreas 

Dog  heart 

Dog  lung 

Goat  muscle 

Goat  kidney 

Goat  spleen 

Goat  heart 

Goat  brain 

Goat  lung 

Goat  liver 

Rabbit  liver 
Rabbit  kidney 


INJECTION 

INTRAPERI- 

TONEAL!, Y. 

25: 

mgs. 

50 

yy 

100 

j» 

25 

jy 

50 

M 

100 

J» 

25 

»1 

50 

11 

100 

It 

25 

»J 

50 

11 

100 

11 

25 

tt 

50 

11 

100 

11 

25 

11 

50 

11 

100 

»• 

25 

11 

50 

1* 

100 

11 

25 

11 

50 

ii 

100 

11 

25 

19 

50 

11 

100 

1* 

25 

>» 

50 

11 

100 

Jt 

25 

>1 

50 

>> 

100 

11 

20 

11 

30 

It 

50 

It 

25 

»» 

50 

11 

100 

1* 

25 

>J 

50 

It 

100 

11 

50 

11 

100 

It 

SO 

11 

100 

ii 

RESULTS   IN    GUI.NEA-PIGS 


Mild  symptoms. 

Severe  symptoms. 

Par.  paral.,  conv.,  death  20  minutes. 

Pfr.  irr.,  par.  p:aral. 

Conv.,  death  12  minutes. 

Conv.,  death  20  minutes. 

Par.  paral.,  lab.  resp.,  death  20  minutes. 

Conv.,  death  15  minutes. 

Mild  symptoms. 

Severe  symptoms. 

Per.  irr.,  par.  paral.,  death  10  minutes. 

Quite  marked  symptoms. 

Mild  symptoms. 

Per.  irr.,  conv.,  death  6  minutes. 

Per.  irr.,  ruf.  coat,  par.  paral.,  conv.,  death  12  minutes. 

"       "      conv.,  death  18  minutes. 

Par.  paral.,  death  15  minutes. 

Par.  paral.,  conv. 

Lab.  resp.,  conv.  death  11  minutes. 

Per.  irr.,  par.  paral.,  death  8  minutes. 

Ruf.  coat,  conv.,  death  20  minutes. 

Per.  irr.,  conv.,  death  14  minutes. 

Par.  paral.,  death  5  minutes. 

Per.  irr. 

Par,  paral.,  conv.,  death  17  minutes. 

Par.  paral.,  ruf.  coat,  recovery. 

Par.  paral. 

Lab.  resp.,  par.  paral.,  conv.,  death  12  minutes. 

Per.  irr.,  conv.,  death  8  minutes. 

Per.  irr.,  ruf.  coat,  par.  paral. 

Par.  paral.,  death  30  minutes. 

Per.  irr.,  par.  paral.,  conv.,  death  12  minutes. 

Par.  paral.,  ruf.  coat,  per.  irr. 
»)         ?j  j»         >) 

Ruf.   coat,  lab.  resp.,  par.  paral.,  conv.,   death  20  minutes. 

Par.  paral.,  lab.  resp.,  recovery 
•J        tt         tt        >}  tt 

"         "      conv.,  death  27  minutes. 
Per.    irr. 

"         "       lab.  resp.,  conv.,  death  30  minutes. 
Ruf.  coat,     "        "  "  "       14 

Severe  symptoms,  recover}'. 
Pel.  irr.,  conv.,  death  10  minutes. 
Mild  symptoms. 
Ruf.  coat,  conv.,  death  12  minutes. 


*Per.  irr. — peripheral  irritation;  nif.  coat — ruffled  coat;  lab.  resp. — labored  respiration;  par.  paral. — 
partial  paralysis  ;  conv. — convulsions. 

Tabulation  B  shows  that  the  toxicity  of  the  tissue  cellular  protein  poison 
is  quite  uniform — the  average  fatal  dose,  by  the  intraperitoneal  route,  being 
about  fifty  (50)  milligrams. 
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SOURCE  OF 
POISON. 


TABULATION  C. 


INJECTED 

INTRAPERI- 

TONE.\LLY. 


RESULTS    IN    R.\BBITS. 


Rabbit  liver 

380  mgs. 

450    " 

Rabbit  kidney 

450    " 

Rabbit  heart 

350    " 

Mild  sj'mptoms. 

Twitchings,   lab.   resp.,  conv.,  death   15  minutes. 
Par.  paral.,  conv.,  death  30  minutes. 
Twitchings,  par.  paral.,  lab.  resp.,  recovery. 


SOURCE  OF 
POISON. 


TABULATION  D. 


INJECTED 
INTRAVE- 
NOUSLY. 


RESULTS    IN    RABBITS. 


Rabbit  liver 

100 

mgs. 

T 

ivitchings, 

per. 

irr., 

conv. 

death 

7 

minutes. 

Rabbit  kidney 

100 

♦> 

}i 

>) 

a 

J) 

jj 

U 

'f 

Rabbit  heart 

100 

ty 

99 

» 

}> 

it 

tt 

20 

•> 

The  results  of  the  experiments  reported  in  Tabulations  C  and  D  are  interest- 
ing from  the  fact  that  here  it  is  shown,  that  the  tissue  protein  poison  is  toxic  for 
the  same  species  from  which  it  has  its  origin. 

Tabulation  E  gives  the  smallest  fatal  doses  of  the  various  protein  poisons 
indicated  when  these  are  injected  by  the  intraperitoneal  and  the  intravenous 
methods  in  both  rabbits  and  guinea-pigs. 


TABULATION  E. 


SOURCE  OF 
POISON. 


Beef  heart 
Goat  muscle 
Dog  muscle 
Colon  poison 
Casein 
Edestin 


INJECTED. 

M.    L.    D.    FOR 
GUINEA-PIG. 

V. 

0.6  mgs. 

P. 

50.0     " 

V. 

0.5     " 

P. 

50.0     " 

V. 

0.75    " 

P. 

75.0     " 

V. 

0.8     " 

P. 

75.0     " 

V. 

0.6     " 

P. 

60.0     " 

V. 

0.6     '• 

p. 

50.0     " 

\I.    L.    D. 

FOR 

RABBIT 

90  mgs. 

350 

100 

380 

100 

380 

100 

500 

100 

450 

100 

400 

The  difference  in  the  intraperitoneal  and  the  intravenous  dose  required  to 
kill  a  guinea-pig  shows  (see  Tabulation  E)  that  this  animal  is  a  hundred  times 
more  susceptible  to  the  poison  when  given  intravenously  than  intraperitoneally ; 
while  the  rabbit  is  only  four  times  more  susceptible  intravenously  than  intra- 
peritoneally. It  would  follow  then,  that  one  must  injoct  the  guinea-pig  intra- 
peritoneally with  one  hundred  times,  and  the  rabbit  with  four  times  the  amount 
which  will  actually  be  absorbed  into  the  circulation. 

The   guinea-pig  and   the   rabbit    are   ecjually   susceptible    in    terms   of   body 
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weight  wliLU  injected  with  the  poison  intraperitoneally.  It  requires  aUjut  1  mg. 
of  poison  to  4.5  grams  of  body  weight  for  each  species.  In  contrast  it  will 
be  noted  that  by  the  intravenous  route  the  guinea-pig  is  killed  in  the  propor- 
tion of  1  mg.  of  poison  to  470  grams  of  body  weight ;  while  the  rabbit  is  sus- 
ceptible to  1  mg.  to  18  grams  of  body  weight.  It  follows  then  that  the  guinea- 
pig  is  in  proportion  to  body  weight  about  twenty-five  times  more  susceptible  in- 
travenously than  is  the  rabbit. 

Since  the  two  species,  when  injected  intraperitoneally,  are  equally  suscept- 
ible in  proportion  to  their  body  weights,  it  follows  from  the  results  of  the  in- 
travenous injections  that  the  guinea-pig  takes  up  poison  from  the  peritoneal 
cavity  less  readily  than  does  the  rabbit.  It  must  be  borne  in  mind,  however,  that 
the  guinea-pig  is  killed  by  an  intravenous  injection  of  one  one-hundredth 
(1/100)  of  the  intraperitoneal  dose;  whereas  the  intravenous  dose  required  for 
the  rabbit  is  as  much  as  one-fourth  (34)  of  the  intraperitoneal  dose.  So  then 
the  guinea-pig  is  twenty-five  times  more  susceptible,  so  far  as  the  toxicity  of  the 
poison  to  the  circulation  is  concerned,  than  is  the  rabbit,  but  the  rabbit  absorbs 
the  poison  from  the  peritoneal  cavity  twenty-five  times  more  readily  than  the 
guinea-pig;  consequently  when  given  by  the  intraperitoneal  route  the  poison  is 
toxic  for  the  two  species  in  proportion  to  body  weight. 

From  the  above  consideration  of  dosage,  by  the  two  routes  in  the  two 
species,  the  following  formula  may  be  applied  for  the  determination  of  the  dos- 
age of  an  unknown  specimen  of  protein  poison ;  granting,  of  course,  that  either 
dose  for  either  species  has  been  determined  by  trial. 

Assume  that  the  minimum  fatal  dose  of  the  poison  by  the  intraperitoneal 
route  has  been  determined,  then  from  the  formula, 

I.  P.*  for  guinea-pig 

loo 

mined. 


I.  \'.*  for  guinea-pig,   the  intravenous  dose  is  deter- 


Since  the  intravenous  dose  of  the  poison  is  in  the  proportion  of  1  mg.  to 
470  grams  of  body  weight  for  the  guinea-pig.  and  1  mg.  to  18  grams  for  the 
rabbit,  the  guinea-pig  is  twenty-five  times  more  susceptible  intravenously  than 
is  the  rabbit;  furthermore  by  the  intraperitoneal  method  of  injection  both  species 
are  equally  susceptible  in  proportion  to  body  weight.     Then  the  formula, 

J    ^-    r  ■  ■  -     ^^  eight  of  rabbit 

1.  \  .  for  guinea-pig  X  2o      — -. -. —    ^  I.  P.  for  rabbit,  gives 

W  eight  of  guinea-pig 

the  intraperitoneal  dose  for  the  rabbit. 

The  intraperitoneal  dose  for  the  rabbit  having  been  determined,  one  can  now 
calculate  from  this  the  intravenous  dose  for  the  same  species  by  the  formula, 

I.  P.  for  rabbit  .         ,  .  , 

■ 2 ^  ^-   ^-   ^"or  labbit.      So   then,   if  one  determines  by   trial 

the  minimum  fatal  dose  for  either  route  of  injection  in  either  species  it  is  evi- 
dent that  the  other  three  doses  can  be  derived  from  the  above  formula.  In 
conclusion,  then,   we  find  from  the   formula, 

*1.   p.  means  intraperitoneal  dose;   I.  V.  means  intravenous  dose. 
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\\  eight  of  rabbit 

I.  P.  for  guinea-pi?       ..  .   , ;: -. ^-  ==  I.   P.  for  rabbit,  that  the 

\\  eight  of  guinea-pig- 

guinea-pig  and  the  rabbit  are  equally  susceptible  in  proportion  to  their  rela- 
tive body  weights.  If  this  is  a  fact  one  might  reasonably  ask:  AMiy  is  not  the 
rabbit — contrary  to  experimental  findings — as  desirable  as  the  guinea-pig  for 
the  purpose  of  demonstrating  anaphylactic  shock?  If  minimum  fatal  doses  of 
specific  serum  were  given  intraperitoneally  to  anaphylactized  animals  of  each 
species  the  absorption  into  the  circulation  of  the  guinea-pig  of  one  one-hundredth 
(1/100)  of  this  dose  would  kill,  and  in  the  rabbit  the  absorption  of  one-fourth 
(%)  of  the  dose  would  kill.  So  then  there  are  injected  intraperitoneally  into 
the  guinea-pig  one  hundred  (100)  intravenous  doses,  while  in  the  rabbit  there 
are  injected  intraperitoneally  only  four  (4)  intravenous  doses.  Consequently 
the  chances  of  variation  in  the  absorption  of  the  poison  from  the  peritoneal 
cavity  of  the  guinea-pig  are  far  less  than  they  are  in  the  rabbit,  accordingly  when 
just  the  minimum  fatal  dose  is  given  intraperitoneally  the  chances  of  producing 
anaphylactic  shock  in  the  two  species  are  one  hundred  to  four  (100-4)  in 
favor  of  the  guinea-pig.  Aside  from  the  above  consideration  which  deals  with 
minimum  fatal  doses  it  may  be  pointed  out,  since  the  body  weights  of  the  two 
species  have  not  been  considered  in  anaphylactic  work,  that  the  chances  are 
about  sixteen  hundred  to  one  (1600-1)  in  favor  of  the  guinea-pig.  In  the  ex- 
periments presented  it  is  shown  that  the  killing  dose  intravenously  for  the  guinea- 
pig  is  two  hundred  (200)  times  smaller  than  that  for  the  rabbit,  furthermore 
since  the  anaphylactic  injections  are  usually  given  intraperitoneally,  and  the 
relative  weights  of  the  two  species  are  not  taken  into  consideration,  it  is  evi- 
dent that  in  such  tests  the  guinea-pig  has  had  from  sixteen  hundred  to  two 
thousand  chances  to  develop  shock  to  the  rabbit's  one  chance.  It  follows  that 
the  conclusion  from  these  experiments  coincides  with  Vaughan's  statement  "that  the 
guinea-pig  is  the  par  excellence  animal  for  the  production  of  anaphylactic  shock." 
The  following  experiments  on  rabbits,  guinea-pigs,  and  dogs  show  the  ef- 
fects of  the  intraperitoneal,  intravenous,  and  intracardiacal  injections  of  pro- 
tein poison  on  the  clotting  of  blood,  both  ///  I'liv  and  /;/  zitro. 

EXPERIMENT   1. 

Normal  rabbit — clotting  time  of  blood  8  minutes. 

Gnat  muscle  poison  injected  intravenously   148  mgs.  per  kilo. 

i'lotfi)u/  time  after  injection. 
Bled  from  heart  after  Clotted  in 

2  minutes  2  minutes 
Death     3 

7  "  5       " 

EXI'KKI  MKNT   2. 

Normal  rabbit — cloUing  lime  nf  blood  .^   minutis. 

Goat  muscle  poison   injected    intravenously   50  ni.ns.    per   kilo. 

Clotting  lime  after  injeetioit. 
Bled   from  heart  after  Clotteil  in 

3  minutes  4  minutes 

8  "  2         " 

20         *•  5        '•  . 
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EXPERIMENT  3. 
Normal  rabbil— clotting  time  of  blood  9  minutes. 
Goat  muscle  poison   injected   intravenously   100  mgs.   per   kilo. 

Clotting  time  after  injection. 
Bled  from  heart  after  Clotted  in 

3  minutes  -  2  minutes 

Death    4 

3        11 

EXPERIMENT  4. 

Normal  rabbit— clotting  time  of  blood  9  minutes. 

Goat  muscle  poison  injected  intrapcritoneally  500  mgs.  per  kilo. 

Clotting  time  after  injection. 
Bled  from  heart  after  Clotted  in 

3  minutes  3  minutes 

8  "  7        ■• 
Death  10 

16        "  4        " 

21        "  8        " 

EXPERIMENT  5. 

Normal  guinea-pig— clotting  time  10  minutes. 

Goat  muscle  poison  injected  intraperitoneally  100  mgs.  per  kilo. 

Clotting  time  after  injection. 
Bled  from  heart  after  Clotted  in 

6  minutes  2  minutes 

9  "  1        " 

Death  10 

16  •'  2        " 

EXPERIMENT  6. 

Normal  dog — clotting  time  of  blood  4  minutes. 

Goat  muscle  poison  injected  intracardiacally  100  mgs.  per  kilo. 

Clotting  time  after  injection. 

Bled  from  heart  after  Clotted  in 

3  minutes  3  minutes 

6        "  2        " 

10        "  4 
Death  13 

13        "  4        " 

17  "  4        " 

EXPERIMENT  7. 

Normal  rabbit — clotting  time  of  blood  3  minutes. 

Casein  poison  injected  intravenously  50  mgs.  per  kilo. 
Clotting  time  after  injection. 

Bled  from  heart  after  Clotted  in 

3  minutes  3.5  minutes 

8        "  2  " 

13        "  1-5        " 

EXPERIMENT  8. 

Norm-al  rabbit — clotting  time  of  blood  5  minutes. 

Morphine  sulphate  injected  subcutaneously  10  mgs.  per  kilo. 

Casein  poison  injected  intravenously  500  mgs.  per  kilo. 

Clotting  time  after  injection. 
Bled  from  heart  after  Clotted  in 

Death     2  minutes 

3        "  3  minutes 

7        "  1        " 

10  ."  1 
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EXPERIMENT  9. 

Normal  dog — clotting  time  of  blood  4  minutes. 

Morphine  sulphate  injected  subcutaneously  10  mgs.  per  kilo. 

Casein  poison  injected  intravenously  500  mgs.  per  kilo. 

Clotting  time  after  injection. 
Bled  from  heart  after  Clotted  in 

4  minutes  10  minutes 
16        "  7 

20        "  15 

23        "  90 

29        "  90 

52        "  90 


EXPERIMENT  10. 

Normal  dog— clotting  time  of  blood  5  minutes. 

Morphine  sulphate  injected  subcutaneously  10  mgs.  per  kilo. 

Casein  poison  injected  intravenously  50  mgs.  per  kilo. 

Clotting  time  after  injection. 

Bled  from  heart  after  Clotted  in 

5  minutes 

9        "  * 

\g        "  * 

30        "  * 

50        "  * 

*Not  clotted  in  24  hours. 

Tissue  cellular  protein  poisons,  in  either  large  or  small  doses,  hasten  the 
clotting  of  the  blood  of  the  rabbit,  guinea-pig,  and  dog  in  vivo.  The  protein 
poison  from  casein  differs  from  these  in  that  it  either  retards  or  prevents  en- 
tirely the  clotting  of  dog's  blood. 

Edmunds  failed  to  observe  any  effect  upon  the  clotting  of  dog's  blood  when 
bacillary  protein  poison  was  injected.  Underbill  and  Hendrix  report  that  the 
injection  in  large  doses  of  protein  poison  prepared  from  casein  and  zein  pre- 
vent the  clotting  of  dog's  blood,  this  effect  being  comparable  to  typical  pro- 
teose poisoning.  Their  results  are  similar  to  those  of  experiments  9  and  10 
reported  in  this  paper.  It  will  be  noted,  however,  that  the  smaller  dose  of  casein 
poison  had  the  greater  power  of  inhibiting  the  clotting  of  dog's  blood.  Although 
these  results  are  obtained  with  casein  poison  it  is  shown  in  experiment  6  that 
the  injection  of  a  small  dose  of  goat  muscle  poison  tends  to  accelerate  the 
clotting  of  dog's  blood.  Here  we  have  opposite  effects  resulting  from  the  in- 
jection into  dogs  of  these  two  protein  poisons,  thus  showing  that  conclusions 
drawn  from  results  of  experiments  with  any  single  protein  poison  cannot  be 
applied  to  protein  poisons  as  a  group. 

In  none  of  our  experiments  (  1  to  8)  in  vivo  on  rabbits  and  guinea-pigs 
with  protein  poison  have  we  found  that  the  injection  retards  the  clotting  of 
blood ;  acceleration  of  clotting,  on  the  contrary,  is  noted. 

Since  the  tissue  cellular  protein  poison  from  goat  muscle  and  also  the  bacil- 
lary protein  poison,  have  no  effect  on  the  clotting  of  dog's  blood,  whereas  casein 
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poison  has  a  decided  retarding  effect,  the  difference  in  the  physiological  effect 
may  serve  to  differentiate  casein  poison  from  the  other  two  groups. 

The  following  experiments  with  protein  poisons  were  carried  out  for  the 
purpose  of  determining  the  effect  of  these  poisons  on  the  clotting  of  fresh  blood 
in  vitro. 

EXPERIMENT  11. 


Xormal  rabbit 

blood 

made 

up 

to 

.24  per 

cent 

goat 

heart 

poison 

.6      ' 

.9      ' 

1.8      ' 

3.05    ' 

4.15    ' 

4.99    ' 

5.6      ' 

6.4      ' 

7.0      ' 

8.0      ■ 

9.0      " 

Control 

Cot  clotted  in  24  hours. 

Clotted  in 
9  minutes 

10 

19 

30 

180 

* 

3 


Jelly  clot 


In  experiment  11  the  percentage  (0.9  per  cent)  of  goat  heart  poison  neces- 
sary to  inhibit  clotting — if  we  accept  the  terminology  of  Underbill  and  Hen- 
drix,  "that  the  blood  was  considered  clotted  when  the  containing  cylinder  could 
be  inverted  without  the  loss  of  a  drop" — in  z'itro  was  about  the  same  as  that 
of  casein  poison  used  on  dogs  in  vivo  by  Underbill  and  Hendrix,  and  in  which 
there  was  no  coagulation  of  blood.  It  will,  however,  be  noted  in  the  follow- 
ing experiment  (Experiment  12)  that  rabbit's  blood  must  be  made  up  to  1.8 
per  cent  casein  poison  in  order  to  prevent  clotting.  Inasmuch  as  in  both  ex- 
periments (11  and  12)  blood  of  the  same  species  was  employed,  it  would  again 
appear  that  the  dift"erent  physiological  effects  of  these  two  poisons  are  shown 
in  the  clotting  of  blood. 


EXPERIMKXT  12. 

Normal  rabbit 

bloo 

d  made  up 

to 

.0005 

per 

cent 

casein  poison 

.005 

J) 

.01 

fj 

.05 

71 

.12 

.18 

" 

.56 

»» 

.61 

»» 

.84 

»» 

1.12 

If 

1.4 

J> 

1.6 

ft 

1.8 

»» 

3.5 

tt 

?» 

Control 

Clotted  in 
3  minutes 
3 
3 

3 

D 

4 

6 

5 

4 

7 

7 

8 
* 

* 

3        " 


'Not  clotted  in  24  hours. 
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EXPERIMENT   13. 

Normal  rabbit  blood  made  up  to 

.24  per   cent   W'itte's   peptone 
1.0       " 

-^    -  »i  J}  JJ  *9 

3.0      " 
3.5      " 

4.0       " 

4  J'  jj  »»  >* 

5.0      " 

^  -      jj        )»  )»  »> 

10.0      " 
Control 


Clotted  in 

2  minutes 
2 

2 
2 
3 
2 
3 

3  " 
3 

3        " 

4 

3.5     " 


In  contrast  to  the  effect  of  the  pfotein  poison  on  the  clotting  of  rabbit's 
blood  in  vitro  it  is  shown  in  experiment  13  that  AMtte's  peptone  produces  the 
opposite  effect. 


EXPERIMENT  14. 


Normal    dog 

blood 

Xormal    dog    blood 

made  up  to 

the 

Clotted 

made 

up  to  the 

Clotted 

following  percentages 

ir 

1 

following  percentages 

ir 

1 

of  casein  poison. 

9 

minutes 

of  ox 

liver  poison. 

10 

minutes 

.24. 

.24 

.5 

8 

)> 

.5 

9 

" 

.75 

9 

»» 

.75 

9 

fi 

.9 

19 

>' 

.9 

23 

i» 

1.6 

20 

>; 

1.6 

25 

.1 

2.0 

95 

>j 

2.0 

95 

» 

3.0 

* 

3.0 

* 

3.5 

* 

3.5 

* 

4.0 

5 

)l 

4.0 

4 

>• 

Control 

7 

'J 

Control 

7 

•> 

*Not  clotted  in  24  hours. 

Experiment  14  shows  that  from  0.24  to  0.75  per  cent  of  ox  liver  poison 
and  the  same  percentage  of  casein  poison  have  hut  little  effect  on  the  clot- 
ting of  dog's  blood  ;  there  is  a  well-defined  retardation  for  from  0.9  to  2.9  per 
cent ;  the  inhibition  is  complete  for  3.9  to  3.5  per  cent ;  while  there  is  accelera- 
tion of  clotting  with  the  4.0  per  cent  solutions  of  these  poisons.  It  will  be 
noted  that  the  percentages  of  these  two  poisons  run  parallel  to  each  other  as 
to  their  influence  on  the  clotting  of  dog's  blood  ///  litro;  it  will  be  observed,  also, 
that  in  vitro  a  much  larger  percentage  of  casein  is  required  to  prevent  the  clot- 
ting of  dog's  blood  than  in  vivo.  Tf  we  assume  that  the  ox  li\er  poison  has  the 
same  effect  on  tlie  clotting  of  dog's  bloo<l  as  goat  muscle  jioison  ;';;  vivo  (Exp. 
6),  may  we  not  concliKle.  since  the  percentage  employed  /;/  v'rvo  is  nearly  rep- 
resented by  the  .24  per  cent  In  x'itro.  that  proliably  the  tissue  cellular  poisons 
have  similar  effects  on  the  clotting  of  dog's  blood  both  in  livo  and  in  vitro. 

CoXCI.l'STONS. 

1.  Vaughan's  i)rotein  poison  can  be  i>repared  from  tissue  cells  of  the  ex- 
sanguinated organs  of  nnilticellular  animals. 


438  The  Journal  of  Laboratory  and  Clinical  Medicine 

2.  The  tissue  cell  protein  poisons  are  not  only  toxic  for  heterologous  species, 
but  also  for  homologous  species. 

3.  The  'M.  L.  D.  of  the  protein  poisons— here  reported— for  the  guinea-pig 
and  the  rabbit  is  in  proportion  to  their  relative  body  weights  when  given  by  the 
intraperitoneal  method  of  injection;  when  given  intravenously,  however,  it  is, 
in  proportion  to  body  weight,  twenty-five  (25)  times  more  toxic  for  the  guinea- 
pig  than  the  rabbit. 

4.  Tissue  cellular  protein  poison  hastens  the  clotting  of  blood  from  the 
guinea-pig,  rabbit,  and  dog  in  vivo.  The  protein  poison  prepared  from  casein 
differs  from  these  in  that  it  either  retards  or  prevents  entirely  the  clotting  of 

dog's  blood. 

5.  Witte's  peptone  does  not  prevent  the  clotting  of  rabbit's  blood  in  vitro. 

6.  The  in  vitro  experiments  here  reported  show  that  all  the  protein  poisons 
tested  inhibit  the  clotting  of  blood  from  the  guinea-pig,  rabbit,  and  dog,  in  cer- 
tain percentages. 
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An  Automatic  Pipette* 


By  Albert  H.  Rowe,  M.S.,  M.D.,  San  Francisco,  Caeif. 


THIS  pipette  has  been  in  use  for  several  months  while  estimating  albumin 
and  globulin  in  blood  sera  by  Robertson's^  method.  The  instrument  has 
proved  so  satisfactory  that  it  is  described  in  this  paper  with  the  hope  that  it  will 
be  found  of  help  in  other  laboratories  where  repeated  measurements  of  small 
amounts  of  fluids  must  be  made. 

For  the  operation  of  the  pipette  a  constant  supply  of  compressed  air  and 
suction  (produced  by  an  ordinary  suction  pump)  is  necessary.  The  photograph 
shows  the  arrangement  of  the  apparatus  in  the  size  most  convenient  for  use  in 
Robertson's  method. 

The  pipette  (a)  can  be  of  any  style  or  size.  If  1  or  2  c.c.  of  liquid  are  to 
be  measured,  Folin's  modification  of  Ostwald's  pipette  is  most  convenient.  If 
it  is  desired  to  measure  larger  amounts  either  the  ordinary  volumetric  or  Alohr's 
pipettes  may  be  employed.  For  Robertson's  technic,  the  pipette  is  best  made 
of  small  tubing  2.5  mm.  in  bore  and  30  c.c.  in  length.  The  small  size  of  this 
tube  helps  accurate  measurement  and  allows  the  pipette  to  be  inserted  into  the 
tubes  of  5  mm.  bore,  thus  facilitating  their  filling.  As  only  equal  amounts  of 
different  fluids  of  approximately  .5  c.c.  volumes  are  used,  it  is  only  necessary  to 
make  one  mark  with  a  file  on  the  pipette  near  the  .5  c.c.  level. 

The  pipette  is  held  in  place  by  being  fitted  snugly  into  a  rubber  stopper 
(b)  which  is  inserted  into  a  hole  in  the  cross  beam  of  the  frame.  To  the  upper 
end  of  the  pipette  a  glass  bulb  (c)  is  attached  to  prevent  fluid  being  suddenly 
sucked  into  the  pump.  To  this  bulb,  a  "T"  tube  (d)  is  joined,  the  left  arm 
of  which  is  connected  by  means  of  a  three  way  stopcock  with  the  compressed 
air  and  the  right  arm  by  means  of  a  similar  stopcock  with  the  suction  pump. 
These  stopcocks  (e)  are  fastened  securely  to  the  uprights  of  the  frame.  The 
handles  of  these  stopcocks  pass  through  the  center  of  cardboard  dials  which 
bear  inscriptions  denoting  the  action  of  the  suction  or  air  when  the  handles  are 
turned  in  the  indicated  directions.  Attention  is  called  to  the  fact  that  at  point 
(f)  on  the  left  dial,  a  nail  is  inserted  which  prevents  the  handle  being  turned 
into  a  position  where  there  is  no  escape  for  the  compressed  air,  which  occlusion 
would  blow  out  the  tube  connections.  If  the  compressed  air  contains  moisture 
it  is  well  to  run  it  through  a  large  empty  bottle  before  it  comes  to  the  instru- 
ment. 

The  stopcock  on  the  right  has  one  of  its  arms  filed  off  so  that  the  remain- 
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ing  one  indicates,  by  reference  to  the  dial,  the  action  tliat  suction  exerts  on  the 
pipette.  When  the  handle  of  the  stopcock  is  turned  l(j  the  left  full  suction  is 
exerted  on  the  pipette.  In  the  vertical  position,  the  suction  varies  according  to 
the  degree  of  closure  of  the  rubber  tube  by  the  Hofmann's  pinch-cock  (g), 
fastened  distal  to  the  dial  on  the  upright  of  the  frame.  This  pinch-cock  can 
be  so  regulated  that  fluid  is  drawn  up  into  the  pipette  very  slowly.  When  the 
handle  of  this  stopcock  is  turned  to  the  right,  suction  is  cut  off  and  fluid  in  the 
pipette  .is  held  stationary.  It  is  best  to  draw  the  fluid  up  a  little  beyond  the 
desired  mark  and  suck  it  down  to  the  correct  level  by  a  piece  of  filter  paper 
held  to  the  opening  of  the  capillary  end. 

If  compressed  air  is  used  to  discharge  measured  fluid  from  the  pipette,  it 


is  done  rapidly.  But  when  atmospheric  pressure  is  allowed  to  enter  the  upper 
portion  of  the  pipette  by  loosening  or  pulling  out  the  left  hand  stopcock,  the 
fluid  will  run  out  slowly  by  gravity.  The  latter  method  of  emptying  is  often 
required  in  Robertson's  technic.  especially .  where  serum  is  added  to  an  equal 
amount  of  saturated  ammonium  sulphate  solution,  by  use  of  which  method  the 
serum  is  introduced  so  gently  that  it  overlies  the  sulphate  solution  and  does  not 
mix  with  it  until  the  tube  is  shaken. 

In  Robertson's  method,  it  is  frequently  necessary,  in  order  not  to  waste 
fluid,  to  clean  and  dr\-  the  pipette  before  each  measurement.  This  is  done  by 
drawing  water,  alcohol,  ether  and  finally  air  up  and  down  the  pipette.  By  turn- 
ing both  air  and  suction  into  the  pipette  but  having  the  force  of  air  consider- 
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ably  greater  than  that  of  the  suction,  it  is  possible  to  draw  the  fluid  up  and  down 
very  quickly  by  merely  turning  the  air  on  and  off. 

It  is  necessary  to  add  that  the  pipette  must  be  absolutely  clean  so  that  no 
fluid  will  remain  on  the  inner  surface  of  the  tube  after  it  is  emptied  of  its  con- 
tents. Therefore,  it  is  well  to  draw  cleaning  fluid  into  the  pipette,  leaving  it 
there  when  the  pipette  is  not  in  use.  It  is  even  better  to  have  several  pipettes 
so  that  one  can  be  used  which  has  been  in  cleaning  fluid  for  several  days. 


The  Schick  Test* 


By  Don   M.  Griswow,  M.D..  M.P.H.,   Detroit,  Mich. 


THE  development  of  the  Schick  test  is  one  of  the  recent  advances  in  modern 
medicine.  It  is  unique  in  that  it  does  not  enter  the  field  of  diagnosis  or 
treatment,  but  is  concerned  entirely  with  the  immunity  or  susceptibility  to  dis- 
ease. 

The  diagnosticians  and  therapeutists  have  had  their  day,  and  now  the  im- 
munologists  appear  to  have  a  real  contribution  for  science. 

The  so-called  skin  tests  date  from  von  Pirquet's  work  on  tuberculosis.  The 
intradermal  test  for  that  disease  has  traveled  as  far  as  propaganda  of  the  fight 
against  the  Great  White  Plague.  Skin  tests  have  been  developed  later  for  gonor- 
rhoea, syphilis,  typhoid  and  diphtheria.  The  information  sought  is  the  pres- 
ence or  absence  of  disease  in  all  these  tests,  except  the  diphtheria  test.  In  this 
test  the  determination  of  susceptibility  or  immunity  of  the  patient  to  diphtheria 
is  the  object  sought. 

Physiological  chemistry  is  a  wonderful  field,  and  extensive  as  our  knowl- 
edge might  seem  we  have  only  scratched  the  surface.  To  put  HCl  and  XaHCOg 
in  a  test  tube  and  explain  the  evolution  of  gas  is  comparatively  simple.  The 
reason  it  is  simple  is  because  the  chemical  characteristics  of  both  these  substances 
are  very  well  known.  To  the  person  not  possessed  of  this  chemical  data,  the 
evolution  of  gas  would  seem  quite  wonderful. 

And  should  it  not  seem  equally  as  wonderful  to  any  of  us  that  wc  can 
take  certain  chemical  substances  called  amboceptor,  complement,  etc..  of  which 
we  know  nothing  regarding  the  chemical  composition,  and  determine  whether 
our  patient  has  syj)liilis  or  not.  In  dealing  with  reagents,  of  which  we  do  not 
Unow  the  chemical  character,  our  test  tube  results  must  always  be  interpreted 
in  the  light  of  our  scant  knowledge.  As  one  of  my  former  teachers  so  often 
said:     "Please  to  remember,  gentlemen,  a  human  stomach  is  not  a  test  tube." 

So  it  seems  fitting  that  sucli  men  as  von  Pinjuet.  Park.  Kolmer  and  von 
Schick,  should  spend  many  months  or  years  upon  tests  which  leave  out  of  con- 
sideration the  inanimate  test  tube,  and  utilize  the  human  Iiody  as  a  i)lacc  for 
physiologico-chemical   reactions  to  be  studied.     Of  course  the  skin  is   the   part 
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of  the  body  most  easily  accessible.  Inflammation  of  the  skin  gives  least  an- 
noyance to  the  patient,  and  is  a  point  most  easily  determined. 

Von  Pirquet  built  the  foundation  for  this  line  of  research  when  he  an- 
nounced that  by  applying  old  tuberculin  to  abrasions  of  the  skin,  characteristic 
inflammation  occurred  in  tuberculous  individuals. 

Von  Schick,  working  with  the  acute  contagious  diseases  in  the  same  clinic, 
attempted  to  use  the  same  fundamental  principles  for  work  on  diphtheria. 

Romer  has  shown  that  persons  who  take  diphtheria  uniformly  have  less 
than  1  30  unit  of  diphtheria  antitoxin  per  cubic  centimeter  of  their  blood  serum. 
He  also  found  that  persons  who  were  exposed  to  diphtheria  over  long  periods 
of  time,  such  as  nurses,  internes  and  doctors,  who  never  took  diphtheria,  uni- 
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formly  showed  more  antitoxin  in  their  blood  serum  than  would  be  expressed  by 
1/30  antitoxic  unit.  From  this  he  concluded  that  immunity  or  susceptibility 
to  diphtheria  depended  upon  whether  the  individual  possessed  more  or  less  than 
1/30  of  an  antitoxic  unit  in  each  cubic  centimeter  of  his  blood  serum. 

This  is  a  piece  of  purely  scientific  data.  Von  Schick  realized  how  valuable 
this  piece  of  information  would  be  if  the  test  for  1/30  of  an  antitoxic  unit  per 
cubic  centimeter  could  be  made  rapidly  and  simply  enough  to  allow  it  to  be  used 
in  routine  work.  He  found  that  if  1/50  of  an  M.  L.  D.  of  diphtheria  toxin  be 
diluted  to  1/10  of  a  cubic  centimeter,  and  the  same  injected  intracutaneously,  that 
persons  susceptible  to  diphtheria  would  show  a  red  area  about  the  site  of  the  in- 
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jection,  and  that  immune  persons  would  show  no  such  reaction.  The  basis  of 
this  reaction  is,  of  course,  the  irritating  properties  of  diphtheria  toxin.  This 
irritating  toxin  injected  into  the  skin  of  an  immune  person  is  immediately  neu- 
tralized by  the  antitoxin  in  the  circulating  blood,  and  no  reaction  is  to  be  seen. 
When  the  test  is  applied  to  a  susceptible  person,  there  being  no  free  circulat- 
ing antitoxin  (or  at  least  less  than  1/30  per  cubic  centimeter),  the  toxin  lays 
there  between  the  layers  of  the  skin,  and  in  twenty-four  to  forty-eight  hours  a 
slight  redness  is  seen  about  the  site  of  the  injection. 

The  technic  is  so  simple  that  it  can  be  acquired  by  a  few  trials  and  can 
be  done  very  rapidly.  In  running  a  large  series  of  these  tests,  it  soon  becomes 
evident  that  only  30  to  35  per  cent  of  the  people  are  susceptible  to  diphtheria, 
and  that  the  remaining  65  to  70  per  cent  are  naturally  immune  and  could  not 
take  the  disease.  This  gives  the  words  "naturally  immune"  a  new  meaning,  be- 
cause now  we  know  that  it  is  definite  diphtheria  antitoxin  which  brings  about 
this  immunity  and  not  pleasing  generalities  of  the  past  "robust  constitution," 
"perfect  physical  condition,"  etc. 

The  percentage  of  positive  Schick  tests  agrees  very  closely  with  the  inci- 
dent of  diphtheria  for  the  different  ages  as  is  shown  by  the  chart.  If  we  take 
as  proven,  that  two-thirds  of  all  persons  are  naturally  immune  to  diphtheria,  the 
question  arises  at  once  of  the  advisability  of  giving  antitoxin  promiscuously  to 
all  exposures  to  diphtheria.  It  stands  to  reason  that  two-thirds  of  the  anti- 
toxin will  be  given  to  individuals  who  already  have  enough  to  protect  them. 

The  rational  procedure  would  seem  to  be  to  give  antitoxin  to  all  clinical 
cases,  and  a  Schick  test  to  all  exposures;  the  following  day  to  read  the  results 
of  the  test  and  immunize  all  susceptible  persons.  The  length  of  time  that  pas- 
sive immunity  is  given  by  injections  of  antitoxin  has  been  discussed  at  length. 
The  only  available  data  being  the  occurrence  of  diphtheria  in  persons  immun- 
ized by  antitoxin. 

The  Schick  test  gives  us  data  along  this  line : 

I  have  found  six  people  who  would  take  a  Schick  test  every  second  day 
after  they  had  recovered  from  diphtheria.  The  earliest  recurrence  of  a  positive 
Schick  was  three  weeks  after  20,000  units  of  antitoxin.  The  longest  time  that 
20,000  units  gave  immunity  was  six  weeks. 

To  Summarise. — The  Schick  test  seems  to  give  us  a  quick,  easy  way  of  de- 
termining whether  a  person  is  susceptible  to  diphtheria.  Its  use  will  eliminate 
needless  giving  of  antitoxin  to  persons  exposed  to  this  disease.  It  will  lessen 
the  danger  of  anaphylaxis  in  a  community  because  there  will  be  fewer  sensitized 
persons.  It  is  the  greatest  single  step  forward  in  immunology  and  serum  therapy 
since  the  advent  of  diphtheria  antitoxin  itself. 
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Simple  Test  for  Estimating   Chlorides  in  the  Urine,  Founded  on 

Volhcird's  Method 

By  J.  J.  Seelman,   M.D.,  Milwaukee,   Wis. 


THE  following  test  for  estimating  chlorides  in  the  urine  is  accurate  to  within 
one-half  gram  per  liter,  and  can  be  made  in  from  three  to  five  minutes. 
Two  solutions  are  made  up  as  follows : 

SOLUTION    NO.    1. 

Anhydrous,  crystallized  silver  nitrate,    (C.   P.) 29.055  gms. 

25%    nitric    acid    in    distilled    water 900.         c.c. 

Cold  saturated  solution  of  ammonioferric  alum  in  distilled  water       50. 

Distilled   water,   q.    s 1000. 

SOLUTION    NO.    2. 

Ammonium  sulphocyanate    7         gms. 

Distilled  water   1000.        c.c. 

The  test  can  be  performed  with  ordinary  1  c.c.  pipettes  graduated  to  .01, 
separate  pipettes  being  used  for  the  urine  and  for  each  solution  to  prevent  con- 
tamination. I  find  nipple  pipettes  more  convenient,  and  have  had  three  pipettes 
made  w^hich  I  use  for  this  test  only.  One  is  a  .5  c.c.  pipette,  one  a  1  c.c,  and 
one  a  2  c.c.  graduated  to  .05. 

Solution  Xo.  2  is  purposely  made  too  strong,  and  must  be  standardized  by 
adding  distilled  water  in  such  an  amount  that  exactly  the  last  drop  of  2  c.c. 
of  this  solution  will  bring  about  the  end  reaction  when  added  to  1  c.c.  of  Solu- 
tion No.  1.  The  end  reaction  consists  of  a  reddish-brown  color,  which  does  not 
disappear  on  moderate  stirring.  If  the  second  last  drop  produces  a  discolora- 
tion which  disappears  rather  slowly,  and  the  last  drop  a  deep  brown  color,  the 
solution  must  be  still  further  diluted,  until  the  discoloration  on  the  addition  of 
the  last  drop  is  a  light  reddish-brown,  which  does  not  disappear  on  stirring  fif- 
teen to  twenty  seconds. 

The  test  proper  is  performed  as  follows :  Place  .5  c.c.  of  the  urine  to  be 
tested  in  a  small  porcelain  dish.  Add  1  c.c.  of  Solution  Xo.  1  and  stir  about 
one  minute  with  a  glass  rod.  From  a  pipette  graduated  to  at  least  .05  c.c.  add 
Solution  No.  2  drop  by  drop,  stirring  after  each  drop  until  the  brown  color 
which  develops  disappears.  When  the  brown  fails  to  disappear  after  about  fif- 
teen seconds'  stirring  the  end  reaction  has  been  reached.  Read  off  the  exact 
amount  of  Solution  No.  2  which  has  been  used  to  bring  about  the  end  reaction. 
The  difference  between  this  and  2  is  equal  to  the  number  of  grams  of  sodium 
chloride  per  100  c.c.  of  urine.  Example:  1.15  c.c.  brought  about  the  end  re- 
action. 2.00 — 1.15=.85  gms.  per  100  c.c.  or  8.5  gms.  per  liter  of  urine.  If  20 
gms.  or  more  per  liter  are  present,  as  evidenced  by  the  end  reaction  being  ob- 
tained with  the  first  drop,  the  urine  is  diluted  with  equal  parts  of  distilled  water, 
which  is.  of  course,  allowed  for  in  the  subsequent  calculation. 
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It  is  advisable  to  maintain  three  pipettes  for  this  work,  using  them  for  no 
other  purpose.  They  can  be  marked  X,  1  and  2.  The  first  is  used  for  the  urine 
only,  the  second  for  Solution  No.  1,  and  the  third  for  Solution  No.  2.  This  pre- 
vents contamination  of  solutions,  which  would  throw  them  out  of  adjustment. 
If  desired,  pipette  No.  2  can  be  marked  to  give  direct  reading  of  sodium  chloride 
in  grams  per  liter. 

A  no  inconsiderable  advantage  of  this  method  is  the  fact  that  only  very 
small  quantities  of  the  reagents  are  required  for  each  test. 


A  Rapid  and  Accurate  Clinical  Method   for  the  Estimation  of  Sugar 

in  Small  Quantities  of  Blood 


By  J.  J.  R.   Macleod,  M.B.,   Cleveland,  Ohio. 


THE  attention  which  has  been  given  to  the  elaboration  of  methods  for  the 
determination  of  sugar  in  small  quantities  of  blood,  has  been  due  to  the 
fact  that  no  one  method  has  really  been  satisfactory.  The  method  may  have 
been  accurate  enough  (e.  g.,  those  of  Rona  and  Michaelis,  or  of  Frank),  but 
required  too  large  a  quantity  of  blood  to  make  it  practicable  in  clinical  prac- 
tice, or  it  may  have  met  the  requirements  in  this  regard  but  have  been  too  com- 
plicated and  uncertain  for  use  by  any  others  than  those  who  had  originally 
worked  it  out,  or  had  at  least  devoted  much  time  and  care  to  learning  it  (e.  g.. 
the  so-called  micro  method  of  Bang). 

It  is  therefore  most  important  that  a  simple  method  which  is  not  only  ac- 
curate but  can  be  applied  to  small  amounts  of  blood  (1-2  c.c.)  should  at  last 
be  available.  The  originators  of  this  method  are  Lewis  and  Benedict,  but  it  has 
since  been  simplified  by  R.  G.  Pearce  and  by  Myers  and  Fine. 

Like  all  other  methods  for  the  estimation  of  sugar,  this  new  one  depends 
on  the  reducing  power  of  a  protein-free  filtrate  of  blood.  Instead  of  using  cop- 
per salts  to  indicate  the  extent  of  the  reduction,  however,  the  conversion  of  pic- 
ric into  picramic  acid  is  chosen.  Since  the  latter  forms  a  deep  red  solution, 
the  extent  of  reduction  can  be  ascertained  by  using  a  colorimeter. 

The  Lewis-Benedict  method  as  modified  b}'  K.  (i.  Fearce  is  carried  out  as 
follows:  2  c.c.  blood,  immediately  after  withdrawal,  is  mixed  with  8  c,c.  of 
water  in  a  test  tube  and  allowed  to  become  thoroui^hly  hiked;  15  c.c.  of  a  sat- 
urated watery  solution  of  picric  acid  is  then  added,  the  test  tube  well  shaken 
and  the  resulting  precipitate  d  ])r(itein  remo\cd  by  filtration.  Of  the  filtrate,  6 
c.c.  are  placed  in  another  lest  tube  and  mixed  with  2  c.c.  nvu-e  of  the  picric 
acid  solution  and  1  c.c.  10  per  cent  sodium  carbonate  solution.  Usually  two  such 
aliquot  portions  of  the  filtrate  can  be  secured,  thus  permitting  of  duplicate  an- 
alysis. The  tubes  are  then  placed  in  an  autocla\e  at  a  jiressure  of  2.5  kg.  per 
sq.  cm.  (or  about  20  pounds  to  the  square  inch)  for  15-v^O  minutes.  After  being 
allowed  to  cool,  the  contents  of  the  tubes,  now  more  or  less  red  in  color,  are 
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poured  into  10  c.c.  measuring  flasks  and  the  volume  in  each  case  made  up  lo 
10  c.c.  with  distilled  water.  Comparison  of  the  depth  of  color  is  now  made  in 
a  colorimeter  (Duboscq)  with  a  standard  consisting  of  either  (1)  a  picramic 
acid  solution  of  such  a  strength  that  the  color  corresponds  to  that  produced  by 
0.48  mg.  of  dextrose  under  the  above  conditions  (i.  e.,  0.048  gm.  picramic  acid 
and  0.100  gm.  anhydrous  sodium  carbonate  dissolved  in  1000  c.c.  water j,  or  (2) 
a  blank  estimation  made  exactly  as  above  described  with  a  known  amount  of 
dextrose  (preferably  0.48  mg.  in  10  c.c).  By  using  standards  of  the  above 
strength  the  readings  on  the  scale  of  the  instrument  are  directly  proportional 
to  the  sugar  concentration;  e.  g.,  suppose  the  standard  is  placed  at  10,  this  must 
correspond  to  blood  containing  0.1  per  cent  dextrose  (because  6/25  2  c.c.  or 
0.48  c.c.  of  blood  were  used),  so  that  if  the  unknown  read  8,*  the  percentage 
must  be  10/8  X  -1  =0.125,  and  if  it  read  12  the  percentage  is  10/12  X  -1  =  -083, 

and  so  on. 

In  ]\Iyers'  and  Fine's  modification,  the  use  of  the  autoclave  is  dispensed 
with  and  simple  heating  for  15  minutes  in  boiling  water  is  substituted.  To  make 
this  possible,  however,  a  lower  dilution  of  the  blood  is  necessary. 

The  method  is  carried  out  as  follows : 

Two  c.c.  of  blood  are  discharged  into  a  small  test  tube  containing  8  c.c. 
of  water.  After  laking,  0.2  gm.  of  dn,^  picric  acid  is  added  and  dissolved  by 
stirring  with  a  glass  rod.  After  the  protein  is  completely  precipitated,  the  tube 
is  allowed  to  stand  for  several  minutes  with  occasional  stirring.  It  is  then  cen- 
trifuged  and  the  supernatant  fluid  filtered  into  a  dry  test  tube  through  a  small 
thick  dr\^  5-7  cm.  filter  paper.  Three  c.c.  of  the  filtrate  is  placed  in  a  tall 
graduated  test  tube,  and  after  adding  1  c.c.  of  20  per  cent  sodium  carbonate 
solution,  the  tube  is  placed  in  a  boiling  water  bath  for  15  minutes.  After  cool- 
ing, the  volume  is  made  up  with  distilled  water  to  10.  15  or  20  c.c,  depending 
on  the  depth  of  the  color.  This  is  then  compared  either  in  a  Duboscq  or  a 
Hellige  colorimeter  with  a  standard.  If  the  Hellige  colorimeter  is  available  the 
wedge  is  filled  with  a  solution  prepared  by  dissolving  0.100  gm.  of  picramic 
acid  and  0.2  gm.  of  anhydrous  sodium  carbonate  in  a  liter  of  water.  The  cal- 
culation in  this  case  is  carried  out  by  subtracting  the  colorimetric  reading  ob- 
tained from  100  and  multiplying  by  0.002  if  the  dilution  was  to  10  c.c,  or  by 
.003  if  to  3  c.c,  and  so  on.  We  have  not  personally  tested  the  accuracy  of  this 
modification. 
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*The  scale  reads  from  below  up,  zero  corresponding  to  such  a  position  of  the  plunger  that  none 
of  the  colored  fluid  is  being  looked  through.  The  lower  the  reading  on  the  scale,  therefore,  the  stronger 
the  color  of  the  fluid. 
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EDITORIALS 


The  Pharmacological  Action  of  Chlorine  Gas 

ALONG  series  of  well-known  investigators  have  in  the  past  devoted  them- 
selves to  the  study  of  the  peculiar  and  striking  pharmacological  actions 
of  chlorine  gas.  Conspicuous  among  these  earlier  workers  are  Bohm/  Binz,- 
Lehmann/  Jurisch,*  Herxheimer,^  etc. 

In  the  year  1887  Lehmann  carried  out  a  long  series  of  animal  experiments 
with  chlorine  at  the  Hygienic  Institute  in  Munich.  He  was  chiefly  interested  in 
the  action  of  the  gas  from  an  industrial  standpoint,  since  in  the  various  manu- 
facturing processes  workmen  were  exposed  to  fumes  of  the  gas.  This  work  was 
continued  by  Lehmann  and  his  pupils  for  a  long  period,  and  a  whole  series  of 
papers  on  the  general  subject  of  poisonous  gases  were  published  by  these  workers. 
The  method  used  in  general  consisted  in  allowing  the  animal  to  breathe  for  longer 
or  shorter  periods  of  time,  air  containing  various  definite  percentages  of  chlorine, 
etc.  The  immediate  and  later  (or  postmortem)  symptoms  were  carefully  studied 
and  described.  Lehmann  confirmed  the  earlier  work  of  Bohm  and  others  who 
had  observed  that  the  poisonous  action  of  chlorine  is  chiefly  a  local  one  on  the 
respiratory  organs.  It  was  found  that  a  concentration  of  1  part  in  KX),000  parts  of 
air  produced  an  irritation  of  the  eyes,  nasal  mucosa,  mouth,  trachea  and  lungs. 
This  concentration,  however,  was  not  sufficient  to  produce  death.  It  was  believed 
by  Bin/,  that  small  quantities  of  chlorine  like  these  regularly  produced  a  cerebral 
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depression,  hut  as  the  concentration  i>i  the  f,'as  was  increased  then  the  irritative 
symptoms  served  to  completely  overcome  and  mask  the  previously  observed 
cerebral  action.  Later  writers  appear  to  have  dropped  this  earlier  view  of  Bin/. 
Lehmann  also  determined  that  a  concentration  of  1  part  of  chlorine  in  10,000 
parts  of  air  was  capable  of  producing  fatal  results  in  a  comparatively  short  time. 
If  the  animal  did  not  die  immediately,  a  short  exposure  was  sufficient  to  produce 
lesions  from  which  death  would  probably  result  many  hours  later.  It  is  interest- 
ing to  note  also  that  Lehmann  considered  the  possibility  of  sterilizing  the  lungs 
and  respiratory  passages  by  administering  chlorine  in  sufficient  concentration  to 
kill  the  bacteria.     This,  however,  he  quickly  gave  up. 

In  1895  Herxheimer  called  attention  to  a  new  feature  of  chlorine  poison- 
ing. This  consisted  in  the  production  of  a  peculiar  form  of  acne.  This  was 
characterized  by  multiple  abnormalities  of  the  sebaceous  glands.  Many  of 
these  showed  no  inflammatory  symptoms,  but  were  merely  scattered  about  over 
the  skin  as  white  projecting  comedones,  some  filled,  others  showing  a  dark-col- 
ored discharge.  Other  glands  were  inflamed  and  contained  purulent  material. 
These  formed  small  ulcers  and  led  to  deep  scar  formation  which  might  give  the 
aflfected  area  a  sieve-like  appearance.  .A.  number  of  the  glands  were  enlarged 
into  thick-walled  atheromatous  cysts,  some  of  which  showed  no  inflammator}' 
changes  while  others  were*  inflamed  and  contained  more  or  less  purulent  ma- 
terial. Furunculosis  was  often  observed.  As  general  symptoms  were  noted  head- 
ache, sleeplessness,  anorexia,  emaciation,  anemia,  vertigo,  etc.,  briefly,  symptoms 
which  apparently  depended  on  the  anemia.  In  later  years  a  good  deal  of  dis- 
cussion has  been  carried  on  regarding  the  real  cause  of  these  lesions.  It  ap- 
pears that  workmen  engaged  in  the  electrolytic  production  of  chlorine  are  the 
chief  sufferers,  and  it  is  still  undecided  whether  the  condition  is  produced  by 
free  chlorine  or  by  some  other  unknown  bod}'. 

Recently  a  number  of  investigators  have  again  taken  up  the  question  of 
chlorine  poisoning.  In  the  laboratory.  Schafer*'  and  Hill'  especially  have  done 
valuable  work,  while  a  great  many  clinical  observers  have  written  on  the  subject. 

The  symptoms  produced  by  breathing  air  containing  chlorine  (1  to  10,000) 
consist  of  irritation  of  the  eyes,  nose,  larynx,  and  deeper  respiratory  passages; 
bronchitis,  pulmonary  congestion  and  edema,  pulmonary  hemorrhages,  coughing 
and  pain  in  the  thorax.  The  amount  of  irritation  produced  in  the  eyes,  nose, 
throat,  etc..  does  not  always  correspond  with  the  severity  of  the  SA'mptoms 
wdiich  may  follow  later  from  the  effects  of  the  gas  on  the  lungs,  etc.  Clinically, 
there  are  repeated  allusions  to  the  fact  that  some  men  appear  to  stand  the  ac- 
tion of  the  gas  better  than  others  who  have  presumably  received  an  equal  ex- 
posure. 

From  its  chemical  nature  it  seems  evident  that  the  immediate  action  of 
chlorine  must  be  local.  For  it  is  scarcely  possible  to  imagine  that  it  can  exist 
in  the  free  state  in  such  a  fluid  as  blood,  which  contains  many  bodies  with  which 
it  would  immediately  combine,  and  which  would — unless  it  were  introduced  in 
immense  quantities — at  once  render  it  inocuous.  For  chlorine  at  once  displaces 
hydrogen  from  its  combinations  in  the  proteins  and  forms  hydrochloric  acid  with 
the  hydrogen  set  free.     And   further,   it  combines  with  the  hydrogen   of  water 
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thus  liberating  nascent  oxygen,  which  then  acts  on  the  tissues.  These  processes 
are  beUeved  to  account  for  the  fact  that  chlorine  is  a  much  more  powerful  dis- 
infectant in  moist  air  than  in  dry.  In  the  higher  organisms  all  of  these  reac- 
tions probably  occur  together. 

Schafer  saturated  Ringer's  solution  with  chlorine  gas  and  then  injected  the 
solution  intravenously.  If  only  a  small  quantity  were  thus  introduced  no  effect 
was  seen,  and  if  a  larger  quantity,  spread  over  a  certain  interval  of  time  so  that 
the  fluid  became  well  mixed  with  the  blood,  were  injected,  the  only  result  was 
to  produce  a  quite  temporary  diminution  of  blood  pressure  (preceded  by  a  slight 
rise)  and  a  slight  increase  in  the  depth  of  the  respirations.  The  fall,  Schafer 
believed,  was  due  to  obstruction  of  the  pulmonary  vessels.  Tlie  diminution  in 
volume  of  the  kidney,  which  occurred  as  the  blood  pressure  fell  he  believed  to 
be  passive.  These  results  were  produced  by  the  introduction  into  the  jugular 
vein  of  a  rabbit  of  10  c.c.  of  Ringer's  solution  saturated  with  chlorine,  the  in- 
jection being  spread  over  twenty  seconds.  With  inhalation  the  result  is  always 
.serious.  Even  with  air  containing  only  1  per  cent  of  chlorine — although  at  this 
dilution  no  special  effect  upon  either  the  blood  pressure  or  respiration  may  be 
visible  for  some  minutes — a  profound  change  ultimately  occurs,  and  this  may 
show  itself  with  great  suddenness.  In  this  case  the  respirations,  while  remain- 
ing regular  both  in  rate  and  depth  for  a  few  minutes,  may  suddenly  become  very 
deep  and  in  another  minute  convulsive,  prior  to  complete  arrest ;  while  the  blood 
pressure  usually  falls  rapidly  and  profoundly  as  the  respiration  becomes  irregular 
and  stops.  With  5  per  cent  of  chlorine  in  the  air  breathed  a  fatal  result  was 
rapidly  and  inevitably  produced.  In  none  of  these  latter  cases  was  it  possible 
to  revive  the  animal  by  artificial  respiration.  Schafer  considers  these  effects  due 
to  something  happening  locally  in  the  lungs,  since  the  chlorine  which  is  inhaled 
cannot  be  carried  to  the  tissues  in  a  free  state.  There  is  moreover,  abundant 
evidence  that  the  tissues  retain  their  vitality  even  after  inhalation  of  the  strong- 
est mixture ;  for  when  the  body  is  opened  immediately  after  death,  the  muscles 
contract  briskly  on  excitation  either  directly  or  through  their  ncr\cs,  and  the 
heart  is  also  responsive  to  stimulation,  and  is,  indeed,  usually  seen — especially 
the  auricles — beating  spontaneously  if  somewhat  weakly.  The  only  visible  change 
is  in  the  lungs,  which  even  after  the  shortest  exposure  to  a  fatal  dose,  are  in- 
tensely red  and  congested,  either  all  over  or  in  innumerable  patches.  They  are 
less  shrunken  than  usual,  and  have  a  more  solid  feel,  with  but  little  crepitation; 
nevertheless,  even  small  pieces  float  in  water.  On  section,  the  huig  is  deep  red 
in  color,  and  the  tissue  seems  to  be  full  of  blond.  There  is  usually  some  froth 
in  the  trachea  and  larger  bronchi.  It  is  to  i)c  noted  that  if  an  animal  be  sub- 
jected to  a  large  but  nonfatal  dose  of  the  gas,  and  then  allowed  to  live  for  some 
time  after,  other  changes  than  those  here  described  will  occur. 

The  effects  which  might  be  pioduced  locally  in  tlie  lung  by  an  irritant  gas- 
like chlorine  are  various.  It  ni;iy  directly  affect  the  bronchial  musculature  or 
the  vascular  musculature ;  it  may  stimulate  the  mucus-secreting  mechanism  of 
the  air  tubes ;  it  may  influence  the  coagulability  or  viscosity  of  the  blood  within 
the  pulmonary  vessels;  or  it  may  produce  reflex  eft"ects  by  exciting  the  endings 
of  afferent  ner\es   within   the  hnigs.      Schafer   is  of  the  opinion,   however,  that 
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the  fatal  result  is  due  to  obstruction  in  the  pulmonary  vessels  rendering  it  im- 
possible for  the  blood  to  pass  freely  to  the  left  auricle  and  ventricle.  This  latter 
conclusion  he  demonstrated  by  perfusing  the  lungs  in  situ  in  a  freshly  killed  ani- 
mal. A  cannula  was  tied  into  the  pulmonary  artery  and  the  outflow  of  the  solu- 
tion was  collected  from  the  left  auricle  by  means  of  a  second  cannula  tied  into 
the  auricle.  The  lungs  w^ere  regularly  inflated  by  an  artificial  respiration  ma- 
chine. The  action  of  the  chlorine  was  determined  by  adding  Ringer's  solution 
containing  chlorine  to  the  solution  whicli  was  being  perfused  through  the  lungs. 
It  was  found  that  even  small  quantities  (1  c.c.  of  1  in  10  chlorine  Ringer)  pro- 
duced a  profound  eft'ect  upon  the  pulmonary  circulation,  the  flow  through  which 
became  greatly  slowed  almost  to  complete  cessation.  Similar  results  were  pro- 
duced when  the  chlorine  was  introduced  into  the  lungs  in  the  air  used  for  the 
artificial  respiration. 

In  another  series  of  experiments  the  action  of  the  gas  on  the  bronchioles 
was  studied.  Three  different  methods  were  used  in  these  experiments  (none 
of  these  methods  seem  reliable  to  the  present  writer),  the  final  conclusion  being 
that  chlorine  causes  the  bronchial  tubes  to  become  more  permeable   (dilate). 

Microscopically,  sections  of  the  lung  showed  the  pulmonary  capillaries  gorged 
with  blood,  and  with  an  extraordinary^  amount  of  edema  in  the  interstitial  tis- 
sue. Often  the  edema  fluid  passed  freely  into  the  alveoli,  many  of  which  were 
full  of  coagulated  lymph,  some  containing  blood.  Presumably  the  edema  was 
secondary  to  the  vascular  obstruction,  but  even  if  this  were  so  it  would  set  up 
a  vicious  circle  by  increasing  the  obstruction,  and  this  again  would  increase  the 
edema.  That  the  secretion  of  mucus  did  not  play  an  important  part  in  connec- 
tion with  the  fatal  ending  was  evident  from  the  fact  that  death  resulted  just  as 
inevitably  and  rapidly  after  a  pribr  dose  of  atropine  as  without  it.  The  liver 
and  abdominal  organs  possessed  a  normal  appearance  postmortem. 

Clinically,  a  good  many  variations  from  the  above  description  have  been  re- 
corded because  the  patients  have  generally  been  subjected  to  the  influence  of  the 
gas  some  hours  or  days  before  most  of  the  clinical  descriptions  were  made.  Dur- 
ing this  period  secondary  changes  are  set  up  and  complicate  the  original  condi- 
tion. It  is  remarked  by  Hill  that  the  action  of  the  gas  on  the  very  extensive  sur- 
face of  the  lungs  (90  sq.  metres)  is  comparable  to  the  effects  produced  by  ex- 
tensive burns  of  the  skin,  and  the  same  general  treatment  to  support  strength 
and  lessen  shock  is  required.  Just  as  septic  infection  of  the  skin  is  the  sequel 
of  a  burn,  so  pneumonia  and  bronchitis  follow  chlorine  poisoning. 

The  clinical  course^  of  cases  of  chlorine  poisoning  has  been  described  as 
passing  through  three  more  or  less  definite  stages : 

1.  The  asphyxial  stage. 

2.  The  quiescent  or  intermediate  stage. 

3.  The  bronchitic  stage. 

The  first  stage  begins  as  soon  as  the  gas  is  breathed  in  sufficient  concentra- 
tion. A  sense  of  suffocation  and  choking  together  with  greater  or  less  irrita- 
tion of  the  eyes,  nasal  mucosa  and  respiratory  passages  lead  to  strong  gasping 
convulsive  efforts  at  respiration.  If  the  patient  is  removed  from  the  fumes 
after  several  minutes,  and  if  a  fatal  dose  has  not  been  received,  the  symptoms 
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will  progress,  being  marked  by  cyanosis,  the  escape  of  a  light  yellowish  frothy 
discharge  from  the  mouth  and  nose,  collapse,  and  a  variable  but  usually  intense 
degree  of  asphyxia.  Consciousness  is  not  destroyed  unless  by  asyphxia  or  im- 
pending death.  The  temperature  becomes  subnormal,  there  is  restlessness,  the 
pulse  is  slow  and  full  (except  in  collapsed  cases),  the  expression  is  strained  and 
anxious.  The  patient  may  sit  propped  up  with  his  head  thrown  back  gasping 
for  breath,  or  he  may  lie  with  his  head  hanging  over  the  side  of  the  bed  attempt- 
ing to  aid  expectoration.  The  respirations  are  jerky  and  hurried  and  often 
accompanied  by  a  choking  cough.  With  each  inspiration  the  chest  is  expanded 
to  its  fullest  and  emphysematous  areas  are  often  thus  produced  in  the  lung  tis- 
sues. Auscultation  shows  the  presence  of  moist  sounds  of  different  qualities  all 
over  the  chest. 

After  some  thirty-six  hours  the  first  stage  usually  passes  ofif  and  the  patient 
may  fall  into  a  sleep  from  which  he  awakes  feeling  much  better.  This  stage 
may  last  for  perhaps  half  a  day.  But  after  these  few  hours  of  comparative  quiet 
symipto>ms  of  bronchitis  may  begin  to  manifest  themselves.  Fortunately  it  ap- 
pears that  this  bronchitis  stage  is  not  always  so  severe  as  would  be  expected. 
But  death  may  occur  from  the  effects  of  the  poison  and  its  sequela  at  almost 
any  stage  of  the  intoxication.  If  the  bronchitic  stage  becomes  severe  the  froth- 
ing secretion  gives  way  to  a  thick  greenish  mucopurulent  expectoration,  con- 
sciousness may  be  replaced  by  delirium,  the  fever  rises,  the  pulse  becomes  small 
and  rapid,  and  the  respirations  increase  in  number  but  become  shallow  and 
feeble. 

The  treatment  of  these  patients  presents  problems  of  peculiar  and  uncom- 
mon difficulty.  It  is  obvious  at  once  that  the  patient  needs  two  things,  first  a 
full  oxygenation  of  his  blood  and  second,  the  removal  of  the  carbon  dioxide 
from  his  blood.  Under  ordinary  conditions  these  two  processes  go  on  together 
simultaneously  by  means  of  the  respiration.  But  in  these  cases  the  ordinary 
methods  of  aiding  nature  in  carrying  out  these  processes  are  greatly  handicapped 
on  account  of  the  peculiar  condition  of  the  lungs  and  respiratory  passages.  For 
the  patient  may  be  continually  struggling  about  and  trying  to  expectorate  so 
that  any  method  of  artificial  respiration  so  far  tried  is  used  only  at  a  consider- 
able  disadvantage.  Large  quantities  of  a  frothy  yellowish  fluid  clog  the  air 
passages  and  arc  expectorated  with  difficulty.  Postmortem  lliis  fluid  is  seen 
to  complete]}-  fill  the  small  air  passages  while  the  finer  ones  are  entirely  It^st  in  a 
condition  cif  intense  congestion  and  edema  which  afTects  the  lungs  as  a  whole,  the 
congestion  in\olving  the  mucosa  of  the  entire  res[)iratory  tract.  The  first  object 
of  treatment  has  been  to  try  to  get  rid  of  some  of  this  exudation  w  hich  is  drown- 
ing the  victim.  Emetics  have  proved  useful  in  a  large  number  of  cases.  Half 
a  pint  of  salt  and  water  or  8  grains  of  copper  sulphate,  followed  by  large  drafts 
of  lukewarm  water,  have  been  recommended.  Vomiting  may  be  promptly  in- 
itiated by  brushing  the  back  of  the  throat  with  a  feather  or  the  patient's  finger. 
The  act  of  vomiting  has  been  reported  to  cause  the  expulsion  of  a  large  quantity 
of  the  frothy  fluid.  As  emetics  vinum  ipecacuanhre  and  apomorphine  hydro- 
chloride do  not  appear  to  have  licen  so  satisfactory  as  salt  and  water.  Atropine, 
amylnilritc,  slraiiionium.  rhloroforni  inhalations,  etc..  do  not  ajipear  to  have  Iiecn 
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of  any  substantial  benefit,  as  indeed  might  be  expected  from  theoretical  con- 
siderations. Ammonium  carbonate  (10  grains  every  3  hours)  as  a  "stimulating 
expectorant"  seems  to  have  been  of  some  real  benefit.  Vinum  i[)ecacuanhs  given 
along  with  this  has  also  been  said  to  be  <>f  value.  ()i)iuin  may  be  of  value  in 
cases  that  sufifer  a  good  deal  from  local  irritation,  etc.  The  patient  should  be 
kept  warm  and  otherwise  made  as  comfortable  as  possible,  and  plenty  of  fresh 
air  should  be  available.  Muscular  movements,  vigorous  treatment,  etc.,.  should 
be  avoided  when  possible  on  account  of  the  increased  demand  on  the  patient's 
limited  supply  of  oxygen  in  the  blood. 

Lastly,  and  perhaps  in  the  severer  cases  most  important  of  all,  we  come  to 
the  administration  of  oxygen.  Hill  has  studied  this  question  very  carefully.  \'a- 
rious  methods  and  forms  of  apparatus  have  been  used,  but  none  so  far  seem  to 
be  entirely  satisfactory.  The  cost  of  oxygen  when  used  by  ordinar}-  clinical 
methods  such  as  administering  it  through  an  open  funnel  held  near  the  mouth 
and  nose,  is  very  great  and  the  benefit  is  very  small.  Hill  found  that  when  oxy- 
gen was  administered  to  himself  by  an  attendant  in  a  London  hospital,  the  oxy- 
gen in  his  own  alveolar  air  was  increased  by  only  1  or  2  per  cent.  If,  however, 
a  loose  kind  of  face-mask  were  made  out  of  a  towel,  and  the  oxygen  tube  were 
led  under  that,  and  the  oxygen  were  sent  in  in  a  sufficient  stream  to  blow  away 
the  exhaled  carbon  dioxide,  then  70  per  cent  of  oxygen  could  easily  be  obtained 
in  the  alveolar  air.  P.ut  a  20  ft.  cylinder  of  oxygen  is  soon  exhausted  by  these 
methods.  To  give  oxygen  economically  and  continuously,  some  closed  method 
must  be  used.  A  device  by  which  this  may  be  done  has  recently  been  described"' 
in  this  journal.  Hill  further  found  that  compressed  air  was  of  distinct  benefit 
to  animals  in  this  condition.  The  whole  animal  was  placed  in  a  compressed 
air  chamber  in  which  a  pressure  of  two  atmospheres  was  produced.  This  not 
only  increased  the  amount  of  oxygen  (dissolved)  which  passed  into  the  ani- 
mal's blood,  but  it  also  reduced  by  one-half  the  size  of  the  air-bubbles  in  the 
frothy  liquid  which  obstructed  the  air-tubes,  thus  relieving  the  obstruction.  Ar- 
tificial respiration,  e.  g.,  by  the  method  of  Schafer  sometimes  has  been  of  dis- 
tinct help  clinically,  especially  in  carrying  the  patient  through  a  brief  crisis.  It 
must  not  be  forgotten  that  the  patient's  blood  is  also  loaded  with  carbon  dioxide, 
and  other  acids  also,  such  as  lactic,  are  increased  in  quantity  owing  to  the  lack 
of  oxygen.  In  many  instances  it  has  been  found  that  the  administration  of  oxygen 
for  brief  periods  at  a  time  at  intervals  afforded  distinct  and  prolonged  relief  to 
the  patient. 

Other  diverse  forms  of  treatment. ^°  such  as  bleeding,  cupping,  leeching,  in- 
jection of  large  doses  of  camphorated  and  etherized  oil.  the  hypodermic  adminis- 
tration of  strychnine,  sparteine,  oxygen,  pituitar}^  extract,  brandy,  adrenaline, 
sodium  cacodylate,  etc.,  inhalations  of  steam  impregnated  with  compound  tincture 
of  benzoin  or  with  eucalyptol,  the  application  of  mustard  plasters,  administra- 
tion of  "ethone."  the  application  of  large  linseed  meal  poultices,  etc..  have  been 
tried.  From  a  theoretical  standpoint  it  is  often  difficult  to  understand  how  a 
patient  who  had  been  severely  poisoned  by  breathing  chlorine  could  live  through 
some  of  the  courses  of  treatment  described.  Strangely  enough  the  clinical  re- 
ports from  most  forms  of  treatment  are  fairly  favorable,  except  for  the  desperate 
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cases,  the  majority  of  which  apparently  usually  die  in  the  early  stage  of  the 
poisoning. 

It  is  only  to  be  expected  that  numerous  complications  may  arise  from  chlor- 
ine poisoning.  Some  of  these  have  been  briefly  referred  to  in  recent  literature. 
Bronchitis  and  pneumonia  are  the  immediate  sequelae  of  the  poisoning.  Ne- 
phritis as  a  later  development  has  been  frequently  mentioned.  Fibrosis  of  the 
lungs  and  angina  pectoris  are  also  suggested.  Pojarisky^^  has  reported  changes 
in  the  blood,  especially  in  Bizzozzero's  blood  plates,  and  in  the  walls  of  the  ves- 
sels, the  endothelium.  He  believed  that  from  these  changes  the  blood  is  in- 
creased in  coagulability.  This  "thickening"  and  increased  coagulability  of  the 
blood  is  repeatedly  mentioned  in  cases  where  bleeding  was  attempted  and  car- 
ried out  only  with  difficulty.  Postmortem  Pojarisky  frequently  found  miliary 
hemorrhages  in  the  brain.  After  the  third  day  he  observed  such  complications 
as  putrid  bronchitis,  partial  pulmonic  gangrene,  pleurisy,  embolism,  hemorrhagic 
infarcts,  etc.  These  may  lead  to  permanent  disability  even  if  there  is  recovery 
from  the  immediate  efifects  of  the  gas. 

As  a  prophylaxis  against  chlorine  poisoning  various  forms  of  respirators 
have  been  devised.  The  literature  on  this  phase  of  the  subject,  however,  ap- 
pears to  be  very  meager  at  present.  Bollay  long  ago  recommended  the  use 
of  a  large  sponge  soaked  in  anilin  solution  ( poison ! )  which  was  to  be  supported 
before  the  nose  and  mouth  in  order  to  absorb  the  gas.  Obviously  the  eyes  should 
be  protected  from  the  effects  of  all  concentrated  vapors  of  chlorine.  This  can 
be  done  by  a  mask  with  glass  windows.  Apparently  if  protection  is  required 
against  only  dilute  vapor,  then  a  mask  made  of  several  layers  ( Jiirisch  suggests 
30)  of  moist  flannel  may  be  sufficient.  If,  however,  concentrated  vapor  is  met 
with,  the  mask  should  be  moistened  with  a  solution  of  some  chemical  capable 
of  neutralizing  the  chlorine  or  of  arresting  its  passage  into  the  mouth  and  lungs. 
Sodium  thiosulphate  has  been  recommended  for  this  purpose,  the  reaction  tak- 
ing place  as  follows  :  Na^S.O,  ^  4  CI,  -  5  H.,0  =  2  NaCl  r  2  H.SO,  -  6  HCl.  The 
sodium  thiosulphate  is  used  in  dilute  solution  and  a  little  sodium  hydrate  may 
be  added. 
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The  Uric  Acid  of  the  Blood 

MUCH  has  been  written  in  the  past  on  the  uric  acid  of  the  blood,  and  in 
no  other  field,  probably,  have  the  reported  findings  been  of  so  little  value. 
Not  only  in  the  medical  profession,  but  also,  secondarily,  of  course,  and  ex- 
cusably, among  laymen,  there  has  been  much  loose  talk  regarding  an  "increase 
of  uric  acid  in  the  blood." 

It  is  only  a  little  more  than  three  years  that  accurate  knowledge  as  to  the 
uric  acid  content  of  the  blood  has  been  available.  For  example,  vSaleeker,'  in 
1909,  reported  the  finding  of  5  parts  of  uric  acid  in  1,000  parts  of  blood  in  a 
gouty  subject,  and.  as  uric  acid  was  not  demonstrable  by  quantitative  methods 
in  health,  this  finding  was  looked  upon  as  evidence  that  there  is  an  increased 
concentration  of  uric  acid  in  the  blood  in  gout.  IJrugsch  and  Schittenhelm- 
have  gone  so  far  as  to  say  that  uric  acid  is  lacking  in  normal  blood,  while  its 
presence  points  to  the  existence  of  gout. 

Folin  and  Denis. ^  in  1912.  published  their  method  for  the  quantitative  de- 
termination of  uric  acid  in  small  amounts  of  blood,  and  were  able  to  show  that 
this  substance  is  a  normal  constituent  of  blood,  being  present  in  quantities  of 
1.5  to  2.5  mg.  per  100  c.c.  of  blood.  At  the  same  time  they  were  able  to  show 
that  in  gout,  lead  poisoning,  leukemia  and  some  cases  of  nephritis,  the  uric  acid 
may  be  considerably  increased. 

More  recently,  F'olin  and  Denis*  have  published  a  comprehensive  paper  on 
the  diagnostic  value  of  uric  acid  determinations  in  the  blood.  The  large  ac- 
cumulations of  urate  deposits  in  the  joints  and  cartilages  in  gout  indicate  strong- 
ly the  probability  of  an  augmented  amount  of  uric  acid  in  the  blood.  But,  as  a 
result  of  several  hundred  quantitative  determinations  of  viric  acid  in  the  blood 
in  different  conditions,  the  authors  feel  convinced  that  uric  acid  determinations 
alone  are  not  of  great  value  in  the  differential  diagnosis  of  gout  and  other 
arthritides. 

Their  studies  have  shown,  too.  that  the  uric  acid  values  of  blood  bear  no 
fixed  relation  to  the  values  for  nonprotein  nitrogen.  Four  possibilities  present 
themselves,  as  they  point  out : 

"1.  Blood  in  which  both  uric  acid  and  nonprotein  nitrogen  are  present  in 
normal  amounts. 

"2.  Blood  in  which,  with  normal  amounts  of  uric  acid,  we  have  greatly 
increased  amounts  of  nonprotein  nitrogen. 

"3.  Blood  giving  abnormally  high  uric  acid  values  with  normal  amounts 
of  nonprotein  nitrogen. 

"4.  Blood  in  which  abnormally  large  amounts  of  both  uric  acid  and  non- 
protein nitrogen  are  present." 

They  then  append  tables  illustrative  of  each  of  the  four  groups.  In  group 
I  are  normal  individuals  as  well  as  patients  suffering  from  alcoholic  gastritis, 

^Saleeker:     Deutsch.   Arch.   f.   klin.   Med.,   1909,  xcv,  p.    353. 
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cvstinuria,  diabetes  insipidus,  arteriosclerosis  and  cardio-renal  disease  (one  case 
each),  insanity   (four  cases),  and  chronic  interstitial  nephritis    (two  cases). 

In  group  II,  with  normal  uric  acid  and  high  nonprotein  nitrogen  (50  to  110 
mg.  per  100  c.c),  are  found  cases  of  acute  arthritis  (three),  chronic  arthritis 
(five),  nephritis  with  prostatectomy  (one),  bone  tuberculosis  (one),  and  mitral 
stenosis  (one). 

Of  great  interest  is  group  III,  consisting  of  twelve  cases,  with  high  uric 
acid  (3.3  to  5.4  mg.  per  100  c.c.)  and  normal  nonprotein  nitrogen.  Eight  of 
diese  patients  had  typical  gout.  In  two  patients  gout  was  probable  but  there 
were  no  tophi.  Of  the  two  remaining  cases,  one  was  a  "normal  man,  many 
members  of  Vvhose  family  have  been  gouty"  and  the  other  a  patient  who  "has 
passed  several  vesical  calculi  consisting  of  pure  uric  acid." 

The  final  group  IV,  with  increase  in  both  uric  acid  (3.3  to  10  mg.  per  100 
c.c.)  and  nonprotein  nitrogen  (59  to  326  mg.  per  100  c.c),  is  based  on  observa- 
tions on  fourteen  cases.  There  were  four  cases  of  uremia,  three  of  arthritis 
deformans,  one  with  "weak  heart,,  edema  of  the  lungs,  hypertrophic  arthritis," 
one  of  pneumonia,  one  with  cardio-renal  disease,  two  with  nephritis,  one  with 
acute  gonorrheal  arthritis,  and  one  case  of  "acute  gout,  tophi,  chronic  inter- 
stitial nephritis." 

To  quote  further  from  Folin  and  Denis,  "Gout  is  characterized  by  abnor- 
mally high  uric  acid  content  of  the  blood  without  any  abnormally  high  accumula- 
tion of  other  waste  products  (nonprotein  nitrogen).  Exceptions  may,  of  course, 
occur;  gouty  patients  may  also  have  nephritis.  Nephritis  in  the  gouty  is  usually 
of  the  arteriosclerotic  type,  a  type  which,  according  to  our  experience,  is  not 
accompanied  by  an  excessive  accumulation  of  nonprotein  nitrogen  in  the  blood 
(except  in  the  terminal  stages).  This  rule  is,  however,  unfortunately  not  with- 
out exceptions." 

Thus,  it  is  evident  that  quantitative  determination  of  the  uric  acid  of  the 
blood  alone  is  of  little  service  in  the  differential  diagnosis  of  gout  and  other 
arthritides.  To  make  it  of  value,  a  determination  of  the  nonprotein  nitrogen 
of  the  blood  must  be  made  at  the  same  time.  If  the  uric  acid  alone  is  in- 
creased, the  finding  speaks  strongly  for  gout.  If  both  uric  acid  and  nonprotein 
nitrogen  arc  above  normal,  the  blood  findings  are  more  suggestive  of  arthritis 
of  other  origin,  though  the  possibility  of  gout  plus  nephritis  must  be  borne  in 
mind. 

The  estimations  which  Folin  and  Denis  report  have  been  made  with  their 
method.  The  patients  have  been  on  a  purin-free  diet  for  at  least  two  days  before 
the  blood  for  analysis  wa^s  drawn. 

More  recently,  Denis"'  has  reported  experiments  on  the  effect  of  diet  on 
the  uric  acid  content  of  the  blood. 

Observations  have  been  made  on  patients  after  a  period  of  purin-frce  diet 
and,  again,  after  a  purin-rich  diet.  The  bh^od  was  always  drawn  before  break- 
fast, to  avoid  the  possible  effects  of  a  recent  meal.  It  has  been  found  that  in 
normal  men  "no  increase  in  the  circulating  uric  acid  is  produced  by  the  in- 
gestion of  large  quantities  of  pm-incs.     In  persons  suffering  with   renal   insufifi- 

i^Denis,   W.  :      Imir.    Hid.   t'hcm,,    1915,  xxiii,    147. 
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ciency,  a  more  or  less  marked  increase  in  the  uric  acid  content  of  the  blood 
is  produced  by  high  purine  feeding."  Indeed,  this  accumulation  of  uric  acid 
may  be  found  there  before  there  is  any  rise  in  the  nonprotein  nitrogen.  Denis 
concludes  that  "when  the  determination  of  uric  acid  in  the  blood  is  undertaken 
as  a  diagnostic  test,  the  insistence  on  a  preliminary  period  during  which  no 
purine-containing  foods  are  consumed  is  unnecessary,  except  in  cases  in  which 
kidney  insufficiency  exists,  or  perhaps  in  the  case  of  persons  who  habitually 
consume  extremely  large  quantities  of  purine-containing  foods." 

~R.  S.  M. 


The  Pituitiiry  in  Hibernation 

THE  dominant  manifestations  of  hibernation  are  lethargy,  storage  of  fat,  de- 
creased tissue  combustion,  associated  with  lowering  of  the  body  tempera- 
ture, bradycardia,  slowing  of  the  respiration,  lowered  blood  pressure,  and  in- 
sensitivity  to  painful  or  emotional  stimuli. 

Gushing,  Crowe  and  Homans^  noticed  in  their  cases  of  experimental  hypo- 
physectomy  that  after  the  operation  the  dogs  became  lethargic  and  finally  died 
in  coma.  They  noticed  that  associated  with  these  symptoms  there  was  a  notice- 
able lowering  of  the  body  temperature  together  with  slowed  respiration,  brady- 
cardia, low  blood  pressure  and  insensitiveness  to  external  stimuli.  They  like- 
wise noticed  that  when  not  enough  gland  was  removed  to  produce  the  fatal 
cachexia  hypophyseopriva  that  the  animals  tended  to  accumulate  fat  and  to  lose 
their  sexual  activity,  and  to  be  drowsy  and  apathetic  with  slow  pulses  and  sub- 
normal temperatures,  a  total  symptom  picture  which  simulates  that  known  in 
human  beings  as  dystrophia  adiposogenitalis.  These  symptoms  were  relieved 
by  the  use  of  pituitary  extracts.  So,  from  the  experimental  as  well  as  from  the 
clinical  sides  there  was  evidence  of  a  distinct  similarity  between  pituitary-  in- 
sufficiency and  hibernation. 

Recently  Gushing  and  Goetsch-  have  studied  the  ductless  glands  of  hiber- 
nating woodchucks  with  the  result  that  they  have  found  ver}-  noticeable  changes 
especially  in  the  pituitary  glands.  They  found  that  the  glands  were  decreased 
in  size  and  that  the  cells  of  the  pars  anterior  had  lost  their  characteristic  stain- 
ing reaction  to  acid  and  basic  dyes.  Also  they  found  that  at  the  end  of  hiberna- 
tion the  glands  enlarge  and  the  cells  regain  their  normal  microchemical  reac- 
tions, and  also  increase  in  number. 

In  this  work  is  given  very  interesting  proof  of  the  fact  that  what  is  a  nor- 
mal physiological  process  in  an  animal  is  abnornjat  in  the  human  even  though 
the  appearances  are  identical.  The  difference  may  be  that  in  the  one  the  proc- 
ess is  temporary;  in  the  other  permanent.  It  makes  one  stop  and  wonder 
whether  it  is  quite  safe  to  base  so  many  experimental  conclusions  on  the  sim- 
ilarities in  the  morphological  or  even  the  chemical  reactions  in  human  and  ani- 
mal tissues  without  knowing  the  specific  physiological   relationships. 


JCushing,    Crowe,   and    Romans:      Bull.    Tohns    Hopkins    Hosp.,    1910    (21)    127. 
-Gushing  and   Goetsch:     Jour.    Exper.    Med.,    1915    (22)    25. 
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HAY  FEVER  AND  CERTAIN  OTHER  LOCAL  ANAPHYLACTIC  PHE- 
NOMENA REFERABLE  TO  THE  RESPIRATORY  MUCOUS 

MEMBRANES* 


By  a.  Parker  Hitchexs,  M.D.,  axd  Claude  P.  Browx,  M.D.,  Glenolden,  Pa. 


IX  reviewing  the  history  of  hay  fever,  we  find  that  the  Hteratui^e  naturally  falls 
into  five  fairly  distinct  periods  : 

First  Period. — In  the  earlier  bibliography,  long  before  the  first  accurate  de- 
scription of  the  disease  by  Bostock^  there  are  numerous  references  to  periodical 
attacks  of  rhinitis  and  asthma  as  well  as  to  various  idiosyncrasies  associated 
with  flowering  plants.  Among  the  earliest  of  these  is  Botallus-  (1565)  "for  there 
are  many  who  are  attacked  with  sneezing,  by  the  slightest  thing  whatsoever, 
others  by  merely  smelling  a  rose."t  Others  mentioned  by  Sticker^  are  Bin- 
ninger*  (1673),  Ledelius^  (1684),  Hiinerwolf*'  (1687),  and  Constant  de  Rebec- 
que"  (1691).  Bostock  stated  that  the  earliest  reference  to  which  his  attention 
had  been  called  was  that  of  Herberden^  (1802).  The  quotation  referred  to  is 
probably,  "Five  patients  were  attacked  violently  by  this  disease  for  a  month 
every  summer ;  one  w'as  afflicted  annually  for  the  entire  summer ;  another  was 
never  free  from  it  except  in  tlic  summer. "|  These  references  are  sufficient 
evidence  tliat  liay  fever  existed  for  centuries  before  its  recognition  as  a  specific 
disease,  and  all   attempts  to  estimate  its  antiquity  arc  entirely   futile. 

Second  Period. — In  1819,  Bostock^  described  a  "Case  of  a  Periodical  Af- 
fection of  llu'   Eyes  and  Chest,"  so  accurately  that   later  writers.  e\en   in   their 


•Presented  at  tlic  Second  I'.in-.Vimricaii  Scicntinc  Congress,  Wasliington.  D.  C.,  Sec.  viii.  Tan.  5. 
1916. 

t"Nam  plerique  sunt  qui  (|ii.'K-un(|ne  re  Icvissiina  sterniUatiunis  multis  agitabuntnr,  .ilii  ex  solo  rosae 
odoratu." 

fOiiincme  aejiris  contiRit  K'avitcr  lahorare  Ihh-  morlii  per  mensem  omni  aestate ;  alium  totam 
aestatem  afflixit  (juotannis  ;  alius  nun(|uam  nisi  aestate  ah  eo  lilier  fuit." 

In  a  translation  of  Ilcberden's  work  iiuldishcd  the  next  year"  is  the  following:  "[  have  known 
it  return  in  four  or  five  persons  annually  in  the  mojuhs  of  April,  May.  June,  or  July,  and  last  a  month 
with  great  violence.  In  one  a  catarrh  constantly  visited  him  evt'ry  siunmer  ;  and  in  another  this  was  the 
only  part  of  the  year  in  which  it  ceased  to  be  troublesome." 
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most  elaborate  analyses  of  symptoms,  have  been  unable  to  add  anything  of  clin- 
ical importance.  The  attention  of  physicians  thus  being  called  to  this  afifec- 
tion,  reports  in  a  short  time  began  to  appear  in  the  medical  publications  of  Eng- 
land, France  and  Germany.  Nine  years  later  I'>ostock'"  himself  added  distinct 
accounts  of  18  cases  with  10  others  "less  correctly  ascertained."  EHiottson^^ 
contributed  a  number  of  cases  and  noted  many  interesting  data  with  regard  to 
the  association  of  symptoms  with  the  apparent  exciting  causes.  From  the  con- 
tributions of  Gordon^'  and  Macculloch^-  we  learn  that  the  term  "hay  fever"  was 
in  common  use  some  time  before  its  recognition  as  a  disease  by  Bostock. 

Our  information  concerning  the  incidence  of  hay  fever,  its  relation  to  age, 
sex,  and  condition  of  life,  and  its  geographical  distribution  may  be  attributed 
in  some  degree  to  Elliottson,^-'  but  still  more  to  Phoebus.^* 

\\]X\\  regard  to  the  etiology,  various  theories  were  held  and  practically  ev- 
ery external  agency  was  claimed  at  first  as  an  exciting  cause.  Bostock  believed 
his  own  symptoms  to  be  due  to  the  heat  of  summer,  while  other  writers  held 
the  odors  of  flowering  plants  chiefly  responsible.  The  proposal  of  a  bacterial 
origin  by  Helmholz^^  never  gained  much  headway.  Pirrie^''  suggested  that  the 
disease  was  of  nervous  origin,  at  the  same  time  admitting  emanations  from 
plants  and  various  external  agencies  as  exciting  causes. 

In  1859,  Professor  Phoebus^*  of  the  University  of  Giessen  sent  out  about 
400  circulars  to  physicians,  medical  societies,  etc.,  requesting  information  con- 
cerning hay  fever.  His  analysis  of  the  replies  received  remains  one  of  the  best 
statistical  studies  of  the  disease,  but  adds  no  fundamental  fact  with  regard  to 
etiology.  One  of  the  most  interesting  communications  quoted  by  Phoebus^''  was 
that  of  Kirkman  who  disagreed  with  the  opinion  that  emanations  from  Anthoxan- 
thum  odoratum  were  a  cause  (probably  tlie  cause  according  to  Gordon^^),  be- 
cause "I  am  always  attacked  at  least  three  weeks  before  the  Anthoxanthum  is 
in  blossom."  Later  in  his  hothouse  he  noticed,  a  day  or  two  before  Christmas, 
a  single  Anthoxanthum  odoratum  in  blossom  and  well  loaded  with  pollen.  He 
rubbed  the  flower  in  his  hand  and  snififed  it,  whereupon  all  the  symptoms  of  hay 
fever  appeared  immediately,  continued  for  an  hour  and  then  left  him. 

In  1872  and  1876,  respectively,  Morrell  A\'ynian^"  and  Beard^**  published 
statistical  investigations  similar  to  those  made  by  Phoebus.  Although  Black- 
ley's  work  had  appeared  three  years  earlier,  Beard  was  confident  that  his  theory 
of  a  nervous  diathesis  was  conclusive ;  he  said  that  pollen  was  merely  one  of  the 
"debilitating  influences,  exciting  causes  purely — and  of  themselves  are  power- 
less to  induce,  or  at  least  to  sustain  an  attack." 

Third  Period. — The  chaotic  state  of  these  earlier  opinions  could  be  cleared 
up  only  by  actual  experiment.  Without  attracting  much  serious  attention  at 
the  time,  this  necessary  elucidation  was  furnished  by  Charles  H.  Blackley/^'  -" 
a  physician  of  Manchester,  England.  In  1873,  he  published  the  results  of  one 
of  the  most  complete  researches  in  the  histor}'  of  experimental  medicine.  Black- 
ley,  himself  a  suft'erer  from  hay  fever,  was  at  first  inclined  to  agree  with  Bostock 
that  summer  heat  was  the  cause  of  the  disease,  but  he  was  led  to  question  the 
correctness  of  this  view  by  circumstances  connected  with  a  journey  to  the  sea- 
coast.     In  the  locality  of  his  home   at   Manchester  the  hay  had   already   been 
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gathered  in  and  his  attacks  of  hay  fever  had  ceased ;  on  approaching  the  sea- 
coast,  however,  the  symptoms  reappeared,  and  later  investigation  revealed  a 
field  of  uncut  hay  much  of  which  was  in  flower.  His  attention  was  directed  to 
the  same  subject  by  an  incident  two  years  later.  Upon  examining  a  bunch  of 
grass  brought  indoors  by  one  of  his  children,  the  cloud  of  pollen  scattering  near 
his  face  brought  on  violent  sneezing  in  two  or  three  minutes.  Blackley  dates  his 
experimental  work  from  this  time   (1859). 

After  carefully  reviewing  all  the  current  opinions  concerning  the  etiology 
of  hay  fever,  Blackley  asked  himself  the  following  questions : 

1.  Can  pollen  produce  the  symptoms  of  hay  fever? 

2.  Does  this  property  belong  to  all  the  pollens,  or  is  it  confined  to  the 
pollen  of  some  one  or  more  orders  of  plants?  And  if  so,  to  what  natural  or- 
ders does  it  belong? 

3.  To  the  pollen  of  which  natural  order,  or  of  which  species  of  this  order, 
are  the  actual  attacks  of  hay  fever,  as  they  occur  in  early  summer,  due? 

4.  Is  this  condition  or  property  found  in  the  dried  as  well  as  in  the  fresh 
pollen  ? 

5.  To  what  special  substance  in  pollen  is  this  supposed  action  due? 

In  order  to  answer  these  questions  Blackley  experimented  upon  the  pollen 
in  five  dififerent  ways:  "(Ij  by  applying  it  to  the  mucous  membrane  of  the 
nares;  (2)  by  inhaling  it,  and  thus  bringing  it  into  contact  with  the  mucous 
membrane  of  the  larynx,  trachea,  and  bronchial  tubes;  (3)  by  applying  a  de- 
coction of  the  pollen  to  the  conjunctiva;  (4)  by  applying  the  fresh  pollen  to  the 
tongue,  lips,  and  fauces;  (5)  by  inoculating  the  upper  and  lower  limbs  with 
the  fresh  moistened  pollen." 

Blackley^"  tested  on  himself  the  pollens  of  the  grasses  and  of  plants  be- 
longing to  35  other  natural  orders,  all  of  which  produced  symptoms.  He  studied 
microscopically  the  various  pollen  grains ;  furthermore,  he  counted  the  grams 
deposited  within  a  given  time  upon  slides  coated  with  glycerine  and  carbolic 
acid.  These  studies  were  made  at  dififerent  seasons,  indoors  and  out,  in  coun- 
try and  in  city,  at  about  the  level  of  a  man's  head  and  at  higher  altitudes  by 
means  oi  kites.  Blackley  demonstrated  that  symptoms  did  not  appear  until  the 
pollen  grains  had  reached  a  certain  number,  and  that  the  severity  of  the  symp- 
toms varied  in  direct  ratio  with  the  amount  of  pollen  in  tlie  air.  He  also  showed 
that  pollen  may  travel  enormous  distances,  tlius  accounting  for  the  fact  that  the 
seashore,  or  even  the  ocean,  does  not  always  afford  relief  to  susceptible  persons. 

In  all  this  work  Blackley  himself  was  tlic  subject  of  the  experiment.  He 
tried  in  vain  to  find  other  hay  fever  sufferers  who  would  submit  to  the  tests. 

In  spite  of  the  evidence  presented  by  Blackley,  the  attention  of  his  con- 
temporaries was  so  concentrated  upon  the  work  of  Pasteur  and  Koch  that  no 
suggestion  regarding  etiolog}-  was  welcomed  unless  founded  upon  bacterial  in- 
fection. The  findings  of  Helmholz  that  a  vibrio  was  the  cause  of  hay  fever 
were  confirmed  by  Binz-^  and  Patton.-"'  Hcymann  and  Matzuschita,--  however, 
attempted  to  straddle  the  question  by  suggesting  pollen  as  the  carrier  of  bacteria, 
especially  of  streptococci. 
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Furthermore,  the  fact  that  Blackley's  work  contained  no  facts  of  direct 
therapeutic  value  naturally  detracted  from  its  significance  for  clinicians.  Thus 
it  was  not  until  the  successful  application  of  Noon's  method  of  vaccination  that 
the  etiologic  role  of  pollen  attracted  general  interest  and  found  final  accept- 
ance to  the  exclusion  of  all  other  theories. 

Fourth  Period. — In  1903,  Dunbar-^  published  his  work  built  upon  the  foun- 
dation laid  by  Blackley.  With  technic  similar  to  that  used  by  his  predecessor, 
Dunbar  experimented  upon  himself  and  other  susceptible  persons  with  the  re- 
sult that  pollen  was  established  as  the  cause  of  hay  fever — thus  the  findings  of 
Blackley  were  confirmed.  Dunbar  believed  at  first  that  only  certain  pollens  were 
in  question.  It  is  probable,  however,  that  the  pollen  of  any  plant  may  be  a 
cause  of  hay  fever;  although  those  varieties  found  in  largest  quantities  in  the 
atmosphere  undoubtedly  claim  the  greatest  number  of  sufferers. 

Dunbar  was  more  fortunate  than  Blackley  in  having  at  his  disposal  the 
results  of  all  the  later  achievements  in  both  organic  chemistry  and  immunology 
— the  latter  was  an  unknown  science  in  Blackley's  day.  Dunbar's  work  on  the 
chemistry  of  pollen  thus  constitutes  a  real  advance  in  our  knowledge  of  hay 
fever.  In  the  field  of  immunology  he  was  able  by  serological  tests  to  strengthen 
the  evidence  in  favor  of  the  etiologic  role  of  the  pollen  proteins.  He  was  the 
first  to  establish  the  possibility  of  active  immunity  and  to  elaborate  a  specific 
therapy,  but  he  fell  into  error  by  applying  to  hay  fever  the  discoveries  of  Beh- 
ring,  Kitasato  and  others  concerning  bacterial  toxins  and  antitoxins.  Dunbar 
maintained  that  hay  fever  was  caused  by  a  true  toxin  existent  in  the  pollen  and 
that  the  serum  of  animals  (rabbits  and  horses)  injected  with  pollen  and  pollen 
derivatives  possessed  true  antitoxic  power.  At  present  we  regard  hay  fever  as 
an  anaphylactic  phenomena  and  consider  that  the  serum  elaborated  and  patented 
by  Dunbar*  belongs  with  the  antibacterial  serums ;  in  other  words,  that  it  de- 
pends for  its  activity  upon  amboceptor  and  not  upon  antitoxin. 

Fifth  Period. — In  1911  Noon-^  reported  the  results  of  his  work  in  the  lab- 
oratory of  Sir  Almroth  Wright  on  the  treatment  of  hay  fever  with  subcutaneous 
injections  of  pollen  extracts  in  minute  doses.  Curtis-^  and  Dunbar  had  pre- 
viously used  plant  extracts  and  pollen  extracts,  but  neither  had  achieved  results 
sufficiently  promising  or  reliable  to  encourage  a  continuation  of  this  work.  Noon 
injected  extracts  of  timothy  pollen  controlling  the  doses  by  ophthalmo  reac- 
tions; this  work  interrupted  by  his  untimely  death  was  continued  by  Freeman.-' 

Preparation  of  Pollen  Extracts. — Dunbar-^  and  his  associates  Prausnitz,^^ 
Kammann,^"  Weichardt^^  and  Liefmann'-  demonstrated  that  the  protein  which 
constitutes  about  40  per  cent  of  the  organic  substances  in  pollen  is  the  active 
agent  in  causing  hay  fever.  Accordingly  all  methods  in  the  preparation  of 
material  for  vaccination  must  include  extraction  of  this  essential  protein. 

One  of  the  methods  used  by  Dunbar  for  the  preparation  of  his  "Pollen 
Toxin"  is  to  extract  the  finely  pulverized  pollen  with  5  per  cent  sodium  chloride 
solution  containing  0.5  per  cent  phenol,  incubating  the  mixture  at  37°  C.  The 
undissolved  portion  removed  by  centrifugation  consists  of  empty  pollen  mem- 
branes and  inactive  starch  rods.     The  supernatant  opalescent  solution  contains 

*D.    R.    p..   Xo.    152163. 
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the  dissolved  proteins :  this  is  intensely  active,  even  in  high  dilution,  when  ap- 
plied to  the  skin  or  conjunctiva  of  susceptible  persons.  For  use,  the  extract 
is  diluted  with  physiological  saline  solution.  Dunbar  suggests  further  purifica- 
tion by  precipitation  with  eight  (8)  volumes  of  absolute  alcohol  or  by  dialysis. 
Only  the  albumens,  which  constitute  about  16  per  cent  of  the  total  proteins,  are 
toxic,  the  globulin  fraction  being  entirely  inactive. 

Subsequent  investigators  have  made  their  extractions  with  distilled  water 
and  with  saline  solutions  of  various  strengths.  The  pollen  is  sometimes  ground 
with  sand;  Goodale  considers  grinding  unnecessary. 

There  are  other  modifications  in  technic  which  are  scarcely  worth  men- 
tioning. In  many  instances  the  possibility  that  the  extract  is  not  sterile  cannot 
be  eliminated.  Standardization  is  generally  considered  accomplished  by  not- 
ing the  relation  between  the  quantity  of  fluiii  and  the  amount  of  pollen  ex- 
tracted. This  procedure  is  obviously  subject  to  great  variation.  Cooke's  method 
of  standardization  seems  to  be  the  most  accurate  so  far  and  it  is  the  one  we" 
have  adopted. 

Recent  Literature. — Among  the  recent  reports  of  Clowes,^^  Lovell,^*^  Lowder- 
milk,"  Ulrich,^^  Koessler,^^  Manning,*^  Cooke,"  Wood,"-  and  Goodale,*^  the  ob- 
servations of  Ulrich  regarding  intervals  between  doses  are  of  special  interest. 
He  noted  that  some  patients  w^ere  relieved  for  much  longer  periods  than  others 
and  because  of  this  variability  in  individuals,  he  suggested  that  the  intervals  be 
governed  in  each  case  by  the  date  of  return  of  the  symptoms. 

The  excellent  technic  of  Cooke  with  regard  to  standardization  has  already 
been  mentioned.  His  theories  regarding  the  mechanism  of  hay  fever  and  its 
treatment  are  in  accord  with  the  latest  views  on  anaphylaxis. 

"1.  With  regard  to  antibody  for}iiatiou. — It  must  lie  borne  in  mind  thai  any  form 
of  foreign  protein  parenterally  introduced  within  the  living  body,  gives  rise  to  the  forma- 
tion of  a  specific  immune  or  antibody  which  exists  either  attached  to  certain  cells  or 
free.  When  union  takes  place  between  protein  and  free  antibody,  there  is  no  clinical 
evidence  of  a  reaction,  but  when  a  union  takes  place  between  protein  and  fixed  antibody, 
a  reaction  takes  place,  and  the  nature  of  this  reaction  is  determined  by  the  type  of  cell  to 
which  the  antibody  was  attached. 

"2.  Relation  between  immunity  and  anaphylaxis. — They  are  qualitatively  identical 
but  quantitatively  different.  In  other  words,  v/hen  there  is  a  lar^je  excess  of  antibody  cir- 
culating free,  we  have  an  immune  state ;  and  when  there  is  little  antibody,  and  that  for 
the  most  part  attached,  we  iiave  the  sensitized  state. 

"3.  Duration  of  immunity. — Immunity  in  the  sense  that  free  excess  antibodv  once 
present  is  always  present,  does  not  exist.  With  cessation  of  protein  injection,  the  body 
returns  to  the  anaphylactic  state,  in  wliicli  it  may  remain,  or  to  the  state  of  accelerated 
capacity  to  form  antibody." 

The  attempts  of  Goodale  to  classify  the  susceptibility  of  patients  accord- 
ing to  natural  orders  arid  thus  to  study  this  part  of  the  problem  systematicallv. 
opens  up  inany  interesting  possibilities  not  only  in  hay  fever  treatment  luit  also 
in  botanical   classification. 

Work  of  the  Writers. — For  obtaining  the  ]i(i11cn  the  flowers  are  gathered 
just  when  pollination  has  started.  Tlie  llowcrs  are  dried  and  the  pollen  col- 
lected by  means  of  fine  sieves.  The  pollen  itself  is  thoroughly  dried  immediately 
and  preserved  in  the  dry  state  until  it  is  to  be  extracted. 
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Preparatiox  of  Extract. 

1.  The  pollen  is  mixed  with  sufficient  physiological  saline  solution  (0.85 
per  cent)  to  make  a  fairly  thick  paste. 

2.  The  paste  is  transferred  to  a  porcelain  ball  mill  and  ground  for  24 
hours,  or,  until  microscopic  examination  shows  that  the  pollen  grains  are  broken. 

3.  Physiological  saline  solution  is  added  and  the  resultant  mixture  is  cen- 
trifuged  to  remove  insoluble  debris. 

4.  The  extracted  protein  is  purified  by  precipitation  with  acetone. 

5.  The  precipitate  is  dried  and  thus  preserved  until  needed. 

6.  For  use,  the  precipitate  is  dissolved  in  physiological  saline  solution. 
The  amount  of  protein-nitrogen  in  this  solution  is  determined  by  the  Kjeldahl 
method. 

7.  The  solution  is  then  diluted  so  that  each  cubic  centimeter  will  con- 
tain certain  fractions  of  a  milligram  of  protein-nitrogen.  The  lowest  dilution, 
1  c.c.  of  which  may  be  used  as  the  initial  dose  in  treatment,  contains  0.0025  mg. 

8.  The  final  solutions  are  preserved  from  contamination  by  the  addition 
of  0.25  per  cent  tricresol  and  sterilized  by  filtration.  Sterility  is  determined  by 
careful  aerobic  and  anaerobic  cultural  tests. 

Plan  of  Treatment. 

Beginning  with  the  minimal  initial  dose  (0.0025  mg. )  the  treatment  may- 
be continued  with  increasing  multiples  of  this  amount  according  to  the  needs 
and  the  sensitiveness  of  the  patient.  The  injections  are  first  given  at  about  5- 
day  intervals,  but  as  soon  as  the  period  of  relief  has  been  found  these  intervals 
are  shortened  or  lengthened,  that  is,  if  treatment  is  necessary  during  the  season. 

A\'e  consider  this  better  technic  than  to  depend  upon  ophthalmo  reactions 
which  may  be  dangerous  or  upon  skin  tests  which  merely  complicate  the  pro- 
cedure for  the  clinician.  In  other  words,  ophthalmo  reactions  and  skin  tests 
bear  the  same  relation  to  pollen  vaccine  dosage  that  the  opsonic  index  bears  to 
bacterial  vaccine  dosage.  By  the  ophthalmic  test  Xoon  and  Freeman  were  able 
to  place  pollen  vaccination  upon  a  scientific  basis  similar  to  that  achieved  by 
Wright  by  means  of  the  opsonic  index  technic.  At  present  by  starting  with  a 
dose  (of  either  vaccine)  demonstrated  to  be  sufficiently  small  to  do  no  harm, 
satisfactory  results  are  obtained  without  the  same  control  of  dosage  that  was 
necessary  at  the  beginning. 

Our  spring  extracts  contain  a  mixture  of  the  pollens  of  red  top  timothy, 
rye  and  orchard  grass ;  the  autumn  type  consists  only  of  ragweed. 

These  vaccines  have  been  used  by  ourselves  and  by  other  physicians  kindly 
cooperating  with  us  in  the  treatment  of  62  patients. 

Of  these  62  cases 

18  had  asthma  as  a  complicating  symptom. 

Of  these  :  3 no   report. 

1 not  relieved. 

3 considerably  relieved. 

11 entirelv  relieved. 
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44  remaining  cases. 

Of  these:  3 no  report. 

2 not  relieved. 

4 slightly  relieved. 

18 considerably  relieved. 

17 entirely  relieved. 

One  patient  has  apparently  been  cured ;  he  was  treated  during  two  years  in 
both  spring  and  autumn.  Another  patient  \vho  was  only  partially  relieved,  was 
found  to  be  susceptible  to  wheat,  but  he  was  compelled  to  leave  the  vicinity  be- 
fore a  special  extract  could  be  prepared  for  him. 

One  patient  not  completely  relieved  by  the  "spring"  vaccine  was  found  sus- 
ceptible to  daisy  pollen.  A  special  "daisy"  vaccine  was  prepared  and  the  ad- 
ministration of  a  single  dose  brought  complete  relief. 

Our  results  on  the  wdiole  do  not  differ  greatly  from  those  obtained  by  others 
since  Noon's  first  report.  In  none  of  these  cases  have  we  considered  the  pos- 
sibility of  a  superadded  or  even  possibly  of  a  primary  bacterial  infection.  This 
point,  however,  should  not  be  overlooked. 

Alexander  reports  two  patients  suffering  from  chronic  nasal  catarrh  which 
condition  was  aggravated  by  pollen  during  the  hay  fever  season.  Treatment 
with  Noon's  Pollen  Vaccine  had  no  efifect.  But  after  bacteriological  examina- 
tion and  the  administration  of  Micrococcus  catarrhalis  vaccine,  the  cases  were 
cured. 

We  have  treated  one  asthmatic  patient  with  bacterial  vaccine,  who  through- 
out one  winter  did  not  have  a  single  attack,  although  each  winter  previously  she 
had  experienced  many. 

Other  Anaphylactic  Phenomena. — The  validity  of  the  so-called  idiosyncrasies 
to  the  emanations  from  animals  cannot  be  questioned.  Inquiry  into  the  cases  of 
sudden  death  following  the  injection  of  horse  serum  has  shown  that  many  of 
these  persons  had  previously  suffered  asthmatic  attacks  whenever  coming  in  con- 
tact with  horses.  ^  ■» 

The  manifestatid^is  qt  anaphylaxis  after  eating  certain  foods  are  now  well 
recognized.  All  these  facts  lead  to  the  deduction  that  any  protein  in  the  atmos- 
phere may  find  hypersusceptible  individuals  who  react  with  sneezing  and  all  the 
symptoms  of  hay  fever  or  asthma,  or  possibly  with  other  more  obscure  symp- 
toms. A  case  in  jioint  is  the  efi^ect  of  bad  ventilation  (or  the  lack  of  ventilation) 
on  certain  persons  while  tlie  other  occupants  of  the  mom  remain  unaffected. 
Rosenau  and  Amoss^"  have  attempted  to  demonstrate  the  presence  of  proteins  in 
the  exhaled  breath,  and  although  this  work  as  yet  lacks  confirmation  we  believe 
it  is  a  line  of  research  wortliy  of  closer  attention. 

Discussion. 

Hay  fever  at  present  is  a  problem  of  immunology  and  of  chemi>lr}- ;  and 
the  extension  of  our  knowledge  is  Hmiled  io  these  two  fields  unless  some  unsus- 
pected development  may  lead  to  a  departure  from  the  present  trend  of  research 
— a  departure  such  as  followed  tlie  inxestigation  of  anaphylaxis  by  Rosenau  and 
Anderson. 
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The  demonstration  made  by  Noon  that  injection  of  a  pollen  extract,  under 
the  rules  laid  down  b}-  Wright,  has  immunizing  and  therapeutic  value  in  hay 
fever,  suggests  two  important  questions : 

1.  U'liaf  essential  constituent  of  the  pollen  should  be  contained  in  the  ex- 
tract?— This  is  practically  Question  No.  5  asked  by  Blackley,  and  the  work 
of  Dunbar  and  his  associates  has  gone  far  toward  giving  us  an  answer.  How- 
ever, the  lack  of  a  standard  method  for  preparing  an  extract  of  maximum  diag- 
nostic, immunizing  and  therapeutic  value,  clearly  indicates  the  intensive  investiga- 
tion needed  in  this  direction ;  whether  or  not  the  same  constituent  would  pos- 
sess all  these  properties  would  be  one  point  demanding  further  study. 

In  certain  respects,  the  method  of  preparation  adopted  by  us  yields  a  product 
superior  to  those  prepared  by  the  technic  described  in  recent  reports. 

a.  Keeping  qualities.  Koessler^^  among  others  found  his  extracts  to  be 
worthless  after  3  weeks.  An  extract  prepared  by  the  technic  given  above  yielded 
positive  therapeutic  results  after  2  years;  chemical  tests  according  to  the  Kjel- 
dahl,  biuret  and  Sorenson  methods  showed  no  change  in  protein-nitrogen  con- 
tent .nor  decomposition  with  formation  of  peptones  or  amino  acids. 

b.  Uniformity.  The  Cooke  Method  of  Standardization  certainly  appears 
more  rational  than  that  used  by  Dunbar  and  others  who  estimate  the  strength 
of  the  extract  by  the  amount  of  pollen  submitted  to  extraction.  Lack  of  uni- 
formity in  the  strength  of  his  vaccines  may  account  for  the  fear  of  anaphylactic 
shock  expressed  by  Lowdermilk.^"  None  of  our  patients  had  more  than  a  slight 
local  reaction  which  caused  no  inconvenience. 

2.  To  what  pollens  is  the  individual  patient  susceptible? — This  is  Black- 
ley's  Question  No.  2.  While  certain  patients  are  susceptible  to  the  pollen  of  only 
one  or  a  very  few  plants  (or  at  least  to  a  single  nattiral  order),  others,  like 
Blackley,  are  susceptible  to  nearly  all  plants ;  there  are,  of  course,  all  grades  be- 
tween. Goodale  has  attacked  this  problem  from  a  practical  standpoint  by  class- 
ifying the  various  pollens  with  a  view  to  minimizing  the  number  requisite  in 
treatment.  Freeman  reduced  his  vaccine  to  an  extract  of  timothy  pollen  alone. 
It  would  greatly  simplify  matters  for  the  clinician  if  in  the  fall  the  pollen  of  a 
single  member  of  the  Composit?e  could  be  applied.  A  sufficient  number  of  cases 
has  been  reported  however  to  show  that  some  patients  would  not  be  relieved, 
even  assuming  that  timothy  pollen  extract  and  ragweed  pollen  extract  are  ade- 
quate for  the  Gramineje  and  the  Composite  respectively.  Persons  susceptible 
to  rose  pollen  or  to  the  pollen  of  certain  trees  are  cases  in  point. 

Although  these  two  questions  are  the  most  important  at  the  present  time, 
a  third  problem  is  ever  present  with  the  practicing  physician. 

3.  In  the  present  state  of  our  knoidedge  of  hay  fever,  how  can  this  knowl- 
edge be  best  applied  to  the  advantage  of  our  patients? — The  answer  to  this  ques- 
tion may  be  considered  in  two  sections;  (a)  Measures  to  be  taken  two  or  three 
months  before  the  hay  fever  season,  and  (b)  Measures  to  be  taken  immediately 
before  or  during  the  hay  fever  season. 

a.  Measures  to  be  taken  tzvo  or  three  months  before  the  hay  fever  season. 
When  the  patient  can  be  studied  beforehand,  a  survey  of  his  habitual  surround- 
ings should  be  made.     After  noting  all  the  flowering  plants  which  might  reason- 
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ably  come  into  question,  skin  tests  should  be  made  with  pollens  of  each  of  these 
plants  in  order  to  determine  which  of  them  are  responsible.  In  this  connection 
it  must  be  remembered  that  pollens  may  travel  great  distances  (Blackley)  ;  ac- 
cordingly, a  field  of  grain  even  several  miles  away  must  be  taken  into  account. 

It  seems  scarcely  necessary  to  mention  the  eliminations  that  could  be  made 
according  to  the  seasonal  incidence  of  the  attack.  The  Gramineae  in  the  spring, 
the  Compositse  in  the  fall  would  receive  first  consideration. 

b.  Measures  to  he  taken  immediately  before  or  during  the  attack.  If  the 
attack  has  already  started,  treatment  should  be  begun  at  once  with  a  vaccine 
representing  the  pollens  most  likely  to  be  responsible  for  the  attack.  If  the 
treatment  does  not  give  entire  relief,  an  exact  diagnosis  may  be  made  quite  in- 
dependently of  the  treatment. 

While  the  ordinary  seasonal  attacks  can  be  controlled  fairly  easily,  those 
patients  who  suffer  from  earliest  spring  until  latest  autumn  may  present  greater 
difficulties.  As  stated  above,  w-e  have  treated  one  patient  of  this  type  during 
tw^o  springs  and  autumns  with  apparent  cure  as  the  result. 

As  regards  dosage  we  believe  that  the  placing  of  extracts  upon  the  con- 
junctiva should  be  unqualifiedly  condemned.  Skin  reactions  may  not  be  quite 
so  exact,  but  they  are  adequate  for  all  practical  purposes,  if  indeed  any  such 
control  is  needed,  except  in  diagnosis. 
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CEREBELLAR  LOCALIZATION  IN  THE  LIGHT  OF  RECENT 

RESEARCH* 


By  Davidson  Black,  B.A.,  M.B.,  Cleveland,  Ohio. 


IN  1870  Hitzig  and  Fritsch  localized  certain  motor  centers  in  the  cerebral  cor- 
tex by  means  of  electrical  stimulation  and  tlius  furnished  the  necessary 
experimental  proof  for  the  theory  of  cortical  localization  previously  formulated 
by  both  Broca  and  P.  Gratiolet. 

Since  this  date  many  attempts  have  been  made  to  demonstrate  an  analogous 
localization  of  function  in  the  cortex  of  the  cerebellum.  However,  indubitable 
proof  of  the  underlying  truth  of  this  concept  has  only  recently  been  forthcoming. 
The  cerebellar  cortex,  unlike  that  of  the  cerebrum,  presents  the  same  micro- 
scopic structure  throughout  its  entire  extent.  On  this  account,  no  facts  can  be 
adduced  in  support  of  a  theory  of  cerebellar  localization  on  purely  histological 
grounds.  It  is  to  researches  within  the  last  decade  in  the  fields  of  comparative 
morpholog}^,  experimental  physiolog}^  and  clinical  observation  that  we  are  chiefly 
indebted  for  our  present  knowledge  of  cerebellar  localization. 

Data  of  Comparative  Morphology. 

One  of  the  great  obstacles  in  the  path  of  cerebellar  research  has  been  the 
persistent  use  of  a  system  of  nomenclature  for  the  parts  of  the  human  cerebellum 
which  is  entirely  lacking  in  morphological  significance.  Another  source  of  con- 
fusion lies  in  the  attempt  to  use  the  highly  specialized  human  cerebellum  as  a 
type  with  which  to  compare  the  simpler  cerebella  of  lower  mammals.  It  is 
chiefly  due  to  the  work  of. Elliot  Smith  and  Bolk  that  these  obstacles  have  been 
removed  and  a  rational  method  of  description  introduced. 

These  authors  independently  investigated  the  phylogenetic  and  ontogenetic 
morphology  of  the  mammalian  cerebellum  and  were  able  to  recognize  a  definite 
plan  of  cerebellar  structure  common  to  all  mammals  with  the  possible  exception 
of  Monotremes. 

Both  investigators  agree  that  the  mammalian  cerebellum  consists  of  two 
major  subdivisions,  an  anterior  lobe  and  a  posterior  lobe,  separated  bv  a  fissure 
of  great  constancy  termed  the  fissura  prima.  The  classic  description  of  a  cere- 
bellum which  is  composed  of  a  median  lobe  or  vermis  and  two  hemispheres  has 
b^en  rejected  as  being  incorrect. 

Figs.  1  and  2  are  reproductions  of  the  schemata  constructed  by  Elliot  Smith 
and  Bolk  to  illustrate  the  morphological  arrangement  of  the  parts  (^f  the  mam- 
malian cerebellum. 

The  further  researches  of  I'olk  lia\e  culminated  in  ihe  formulation  l)y  him 
of  a  theory  of  cerebellar  locah'/atiim  based  upon  the  data  of  comjxirative  anatomy. 

The  i)arts  of  the  cercbelhun  are  su1)jecl  to  great  variation  in  their  relati\e 
development  in  different  nianinials.  For  example,  in  one  group  (Lhigulata)  the 
postero-meclian    loliule   is    \ery   large   while   the   lolmli    an>iformes   arc   small;   in 
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anotlicr  group  (Carnivoraj  the  lobuli  ansiformcs  lend  to  be  greatly  develoijerl 
while  the  postero-median  lobule  is  small.  Equally  great  variations  of  form  and 
size  occur  in  ihc  other  cerebellar  subdivisions  and  especially  is  this  true  of  the 
formatio  vermicularis  which  is  rudimentary  in  the  elephant  and  man  but  in  the 
Cetacea  forms  the  largest  part  of  the  lobus  posterior.  That  this  great  variability 
cannot  be  accounted  for  on  the  Itasis  of  bndy  bulk  is  evident  when  one  compares 
the  simple  postero-median  lobule  in  the  mole  and  the  elephant  with  the  much 
folded  and  complex  posterior  median  lobule  in  the  cat  and  horse. 

Since  form  is  largely  dependent  upon  function,  Rolk  sought  to  explain  these 


Fig.    1. 


Fig.  2. 

Figs.  1  and  2  represent  schemata  of  the  fundamental  arrange:nent  of  the  parts  of  the  mammalian 
cerebellum  spread  out  in  one  plane;  Fig.  1,  according  to  Elliot  Smith  (op.  cit.  6)  and  Fig.  2  after  Bolk 
(op.  cit.  3  and  4).  In  their  chief  characters  the  two  schemata  resemble  one  another  closely,  such  dif- 
ferences as  appear  being  due  in  a  large  measure  to  the  fact  that  Eolk  has  selected  for  his  type  the  cere- 
bellum of  Lemur  albifrons  while  hlliot  Smith  was  influenced  by  his  primary  work  on  the  cerebellum 
in  the  Edentata. 


Striking  variations  in  cerebellar  form  by  investigating  the  functional  develop- 
ment of  the  muscular  system,  the  direction  of  whose  tonic,  sthenic  and  static  ac- 
tivities is  the  special  function  of  the  cerebellum. 

Movements  of  certain  regions  of  the  body  (for  exam.ple  the  head,  neck  or 
trunk)  necessarily  involve  the  simultaneous  action  and  coordination  of  the  mus- 
cles of  both  right  and  left  sides.     On  the  other  hand,  the  most  complex  move- 
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nients  can  be  carried  out  by  the  musculature  of  one  arm  or  leg  while  the  homo- 
dynamic  organs  of  the  opposite  side  remain  inactive. 

If  there  be  representation  in  the  cerebellar  cortex  of  centers  concerned  in 
the  working  of  special  muscle  groups,  it  is  reasonable  to  suppose  that  an  un- 
paired center  will  prove  sufficient  for  the  coordination  of  muscle  groups  which 
are  necessarily  synergic  in  action.  In  the  case  of  muscular  areas  capable  of  and 
accustomed  to  dysynergic  action,  a  paired  coordination  center  must  be  postulated. 
However,  inasmuch  as  the  limbs  are  frequently  required  to  act  in  harmonious 
coordination  one  with  the  other  (as  for  example  in  walking),  an  additional  un- 
paired center  becomes  necessary  in  their  case  for  synergic  coordination. 

Working  upon  the  above  hypothesis,  Bolk  successfully  demonstrated  a  def- 
inite correspondence  between  the  variations  in  the  development  of  certain  cere- 
bellar lobules  and  the  functional  importance  of  certain  muscle  groups. 

For  further  details,  reference  should  be  made  to  this  author's  monograph. 
The  following  is  a  brief  synopsis  of  Bolk's  deductions : 

The  cerebellar  cortex  is  composed  of  a  number  of  coordination  centers 
some  of  which  are  paired  and  some  unpaired. 


Fig.  3. — Schema  of  the  jiarts  of  the  mammalian  cerebeUum  spread  out  in  6ne  plane.  (After  Bolk 
Ijy  Van  Rijnberk  from  Luiciani.  Op.  cit.)  On  the  right  side  of  the  ligure  the  relation  of  the  different 
lobules  to  the  functional  development  of  the  musculature  is  indicated  according  to  the  theory  of  Bolk 
noted   in   the   text. 

The  lobus  anterior  ccrcbcUi  contains  the  coordination  centers  for  the  nmscle 
groups  of  the  head  (eyes,  tongue,  muscles  of  mastication,  muscles  of  expression) 
and  also  those  of  the  larynx  and  pharynx. 

The  lobnlus  simplex  contains  the  coordination  centers  fur  the  muscles  of 
the  neck. 

The  upper  part  of  the  lobnlus  niedianus  posterior  contains  the  unpaired  cen- 
ters (centers  for  synergic  movement)  for  the  left  and  right  extremities. 

In  each  of  the  lobuli  ansifornies  el  paramediani  are  situated  tlie  paired 
centers  for  the  extremities — the  arrangement  of  the  centers  in  each  case  being 
homolateral. 

In  the  remainder  of  the  cercl)ellum  the  coordination  centers  for  the  rest 
of  the  trunk  and  tail  region  arc  situated. 

These  facts  have  been  further  summarized  and  somewhat  elaborated  in  the 
form  of  a  diagram  by  Van  Rijnberk  which  is  here  reproduced  as  Fig.  3. 

For  the  purpose  of  correlating  the  current  text  descriptions  of  the  human 
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cerebellum  with  the  rational  morphological  subdivision  of  this  organ  accord- 
ing to  ilolk,  Figs.  4,  5  and  6  have  been  constructed.  In  view  of  the  attached 
legend  further  description  here  is  unnecessary. 

Experimental  Data. 

With  the  establishment  of  the  homologies  of  the  cerebellar  lobes  among  the 
various  mammalian  g-roups,  it  became  possible  to  investigate  their  function  ex- 
perimentally in  dififerent  forms.  Van  Rijnberk  working  in  Luciani's  laboratory, 
was  the  first  to  test  Bolk's  theory  of  localization  by  means  of  circumscribed  ex- 
tirpations of  certain  lobules.  The  results  of  his  investigations  confirmed  Bolk's 
hypothesis  and  may  be  summarized  in  part  as  follows : 

(1)  Total  or  partial  extirpation  of  the  lobulus  simplex:  side  to  side  oscil- 
lations of  the  head  due  to  astasia  of  the  muscles  of  the  neck. 


Fi.E 


Fig.    S. 


Figs.  4  and  5. — Diagrams  to  represent  respectively  a  ventral  view  of  the  left  half  and  a  dorsal 
view  of  the  right  half  of  the  human  cerebellum  illustrating  the  scheme  of  subdivision  according  to  Bolk. 
(From  photographs  of  specimens  C.  193  and  C.  194  from  the  Anatomical  Museum,  Western  Reserve 
Medical   School.)      The   Tonsilla    and    Flocculus   are   lobules   of   the    Formatio   vermicularis   of    Bolk. 

(2)  Complete  extirpation  of  the  Crus  primimi:  homolateral  dynamic  dis- 
turbances in  the  fore-limb  causing  in  the  first  irritative  stages  the  assumption  of 
a  characteristic  position,  likened  by  the  author  to  the  military  salute.  Later  oc- 
curred considerable  dysmetria  in  the  movements  of  the  limb  due  to  muscular 
atonia. 

(3)  Extirpation  of  the  Crus  secundum:  homolateral  asthenia  of  the  mus- 
cles of  the  hind  limb. 

(4)  Extirpation  of  both  crura  of  lobulus  ansiformis:  marked  asthenia 
and  atonia  in  both  fore  and  hind  limbs  on  the  same  side  as  the  lesion  and  the 
later  appearance  of  a  characteristic  disturbance  in  walking  termed  the  "hen's 
gait." 

(5)  Extirpation  of  the  lobulus  paramedian  us:  rotation  on  the  longitudinal 
axis  of  the  body  associated  with  pleurothotonus  to  the  operated  side. 
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In  each  case  the  symptoms  gradually  became  less  marked  and  eventually 
almost  completely  disappeared,  owing,  according  to  Luciani,  to  organic  com- 
pensation. 

These  observations  of  Van  Rijnberk  have  since  been  confirmed  in  all  their 
essentials  by  many  investigators  working  on  dogs,  monkeys  and  other  animals. 
In  this  connection  the  recent  work  of  Rothmann  and  of  Andre-Thomas  et  Durupt 
on  dogs  and  monkeys  should  be  noted. 

These  authors  point  out  once  more  that  the  destruction  of  the  cerebellar 
cortex  does  not  give  rise  to  a  paralysis ;  as  in  man,  cerebellar  cortical  lesions 
cause  a  perturbation  in  the  equilibrium  of  antagonistic  muscles :  an  anisosthenia. 
They  have  also  carried  the  investigation  of  cerebellar  localization  a  step  further 
and  have  shown  that,  within  the  paired  centers  for  the  upper  and  lower  ex- 
tremities described  above,  there  is  a  definite  arrangement  of  subsicHarv  centers 
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Fig.  6. — Diagram  of  mesial  sagittal  section  thrcnigh  tl'e  human  cerebellum  to  further  illustrate 
the  scheme  of  subilivision  according  to  Bolk.  (From  siiccimen  C\  192,  Anatomical  ^luscum  Collection.) 
The  old  descriptive  terminology  for  the  iiarts  of  the  so-called  "vermis"  is  indicated  for  com]iarison.  X.  \'I, 
Kervus  abducens ;   Lobus  anterior  dotted. 


for  the  direction  of  the  activities  of  antagonistic  muscle  groups.  Each  of  these 
secondary  extremity  centers  is  related  to  a  single  segment  or  articulation  of  the 
corresponding  limb  and  presides  over  the  elaboration  of  sthenic,  tonic  and  static 
impulses  distributed  to  definite  muscle  groups  of  the  segment.  As  will  be  seen, 
these  observations  are  in  harmony  with  those  of  Barany  based  upon  clinical 
investigations. 

It  is  important  to  note  that  the  symptoms  of  cerebellar  deficiency  after  ex- 
tirpation experiments,  become  gradually  ameliorated  and  may,  if  the  lesion  he 
small,  finally  disappear.  This  is  due  to  two  influences:  (1)  possible  organic 
compensation  by  the  uninjured  parts  of  the  cerebclhmi  itself  which  has  already 
been  mentioned,  and  (2)  actual  functional  compensation  by  the  purposive  and 
voluntary  acts  of  the  cerebrum. 

The  influence  of  the  cerebrum  in  the  correction  of  the  phenomena  of  cere- 
bellar  tleficiency   is   of   great   importance.      The  destruction   of   one-half  of   the 
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cereLellum  of  a  dog  gives  rise  to  such  marked  atonia,  asthenia  and  astasia  in 
the  muscles  of  the  same  side,  that  the  animal  is  at  first  unable  either  to  main- 
tain the  erect  position  or  to  walk.  The  severity  of  these  symptoms  gradually 
lessens  and  after  a  time  the  animal  learns  to  stand  and  to  walk  once  more, 
though  its  position  and  gait  are  not  entirely  normal.  If  a  second  operation  be 
now^  performed  and  the  motor  cortex  of  the  contra-lateral  cerebral  hemisphere 
be  destroyed,  the  symptoms  of  cerebellar  deficiency  return  in  their  full  severity 
and  the  power  of  standing  in  the  erect  position  and  of  walking  is  permanently 
lost. 

Clinical  Data. 

The  diseases  of  the  cerebellum  \\hicli  have  furnished  data  of  a  useful  na- 
ture in  this  connection  are  necessarily  those  caused  by  circumscribed  lesions 
such  as  abscess,  cyst  or  regional  agenesia.  With  a  positive  diagnosis  of  cere- 
bellar disease  the  question  arises,  is  it  possible  to  localize  the  site  of  the  lesion 
with  any  degree  of  accuracy?  In  this  connection  reference  may  be  made  to  the 
recent  work  of  Rothmann,  Andre-Thomas  et  Durupt,  Babinski  et  Tournay,  and 
especially  to  the  theory  of  cortical  localization  within  the  human  cerebellum, 
elaborated  by  Barany.* 

On  the  basis  of  an  extensive  series  of  observations,  Barany  has  described 
certain  clinical  tests  by  means  of  which  he  has  been  able  to  localize  circum- 
scribed cerebellar  lesions  with  a  considerable  degree  of  exactitude.  It  will  be 
of  interest  here  to  give  a  very  brief  resume  of  the  procedure  employed  in  carr}^- 
ing  out  these  tests,  on  account  of  their  diagnostic  value. 

Index  Test.  —  ("L'epreuve  de  I'index'" — "Zeigeversuch.") 

The  patient's  eyes  being  closed,  he  is  asked  to  execute  a  simple  movement 
in  a  given  direction  with  one  of  his  extremities.  For  example,  the  forearm  be- 
ing firmly  supported,  the  patient's  index  finger  is  extended  and  brought  into 
contact  with  that  of  the  observer.  The  patient  is  then  required  to  move  his 
finger  vertically  downward  and  then  to  return  it  to  its  previous  position.  The 
test  is  repeated  a  number  of  times  both  in  the  vertical  and  in  the  horizontal  di- 
rection and  if  any  tendency  toward  deviation  from  the  plane  of  movement  be 
present,  its  direction  is  noted.  By  slight  modifications  of  the  foregoing  pro-  | 
cedures  it  is  possible  to  test  each  of  the  limb  segments  in  all  positions  of  rota- 
tion, pronation  or  supination.  i 

These  tests  may  be  practiced  in  two  different  ways:  (1)  without  previously 
induced  nystagmus,  and   (2)   after  the  production  of  artificial  nystagmus. 

In  the  normal  subject  the  following  reactions  may  be  observed :  J 

(Ij  Without  previously  induced  nystagmus,  the  tests  in  question  are  cor- 
rectly performed — there  is  no  deviation. 

(2)  After  production  of  artificial  nystagmus,  a  deviation  may  be  noted  in 
the  direction  corresponding  to  the  slow  jerk  of  the  nystagmus.  This  is  termed 
by  Barany  the  "reaction  deviation." 

In  the  presence  of  a  cerebellar  lesion  certain  variations  of  the  above  reac- 
tions may  be  observed : 


*It  is  of  interest  to  record  in  the  present  connection  that  this  author  has  but  recently  been  awarded 
the  Nobel  Prize  in  recognition  of  his  distinguished  work  in  this  field. 
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(1)  When  tested  without  previously  induced  nystagmus,  a  definite  devia- 
tion of  the  tested  segment  may  occasionally  be  noted.  This  is  what  Barany  terms 
the  "spontaneous  deviation." 

(2)  After  production  of  artificial  nystagmus,  an  absence  of  the  normal 
"reaction  deviations"  can  be  noted.  It  is  this  test  which  has  proved  to  be  most 
useful  in  diagnosis. 

The  perturbation  or  deviation  which  is  observed  during  these  tests,  depend- 
ing upon  the  direction  in  which  it  is  produced  and  the  segment  of  the  limb  in 
which  it  occurs,  serves  to  indicate  the  exact  site  of  the  cerebellar  lesion.  This 
statement  is  based  upon  the  fact  that  interruption  of  the  cerebellar  control  of 
one  muscle  group  leads  to  an  exaggeration  of  antagonistic  muscular  action  and 
thus  to  deviation  of  the  segment  during  movement  in  the  direction  of  the  hyper- 
active muscle  group. 

Barany  has  thus  been  able  to  map  out  definite  areas  in  the  human  cerebellar 


Fig.   7 


Fig.   8 


Figs.  7  and  8  represent  respectively  the  inferoiateral  and  the  posterior  aspect  of  the  human  cere- 
bellum indicating  certain  cerebellar  localizations  ace  rl  •  rJavany.  A  ter  Ha  nn  .rf"i  Andri^-  homas 
et  Durupt.  Op.  cit. )  See  text  for  description.  X.  V,  Nervus  trigeminus;  N.  VI,  Nervus  abducens ; 
N.   VII,   Nervus  facialis;   N.    IX,  Nervus   Glossopharyngeus ;    N.    XII,   Nervus   hypoglossus. 

cortex,  each  associated  with  a  special   muscular  action.     The  chief  deductions 
this  author  has  made  from  his  observations  may  be  summarized  as  follows: 

(1)  There  exists  an  exact  localization  of  function  in  the  cortex  of  the 
iiuman  cerebellum. 

(2)  The  centers  for  the  extremities  are  situated  in  circumscribed  areas  in 
the  cortex  of  the  hemispheres. 

(3)  In  correspondence  with  the  theory  of  Bolk  and  with  experimental 
researches,  the  centers  for  the  riglit  and  left  extremities  are  situated  respectively 
in  the  right  and  left  seniihniar  (--nperiDr  and  inferior)  and  digastric  lobules. 

(4)  Within  these  chief  centers  the  representation  of  the  limb  musculature 
is  spatially  determined  by  the  action  of  its  xarious  functional  groups  and  by  their 
position  in  the  limb.  Thus,  within  tiie  arm  center,  other  subsidiary  centers  are 
to  be  recognized  concerned  in  the  moxements  of  tlie  limb  in  the  horizontal  plane, 
in  the  sagittal  jilane,  in  rotatimi.  in  pronation  and  in  supination;  and  further,  in 
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each  subsidiary  center  the  more  minute  arrangement  of  functional  areas  is  in  ac- 
cordance with  the  movable  segments  of  the  limb.* 

(5)  On  the  sudden  destruction  of  a  center  concerned  in  the  movements 
of  a  limb  in  a  determined  direction  (for  example,  to  the  right)  there  is  pro- 
duced a  "spontaneous  deviation"  in  the  inverse  direction  (that  is,  to  the  left). 
This  "spontaneous  deviation"  may  disappear  in  time,  either  through  the  com- 
pensatory action  of  the  cerebrum  or  of  the  cerebellum  itself. 

(6)  The  chief  centers  of  direction  which  have  been  investigated  are  local- 
ized as  follows:  (vide  Figs.  7  and  8). 

(S)  A  center  for  the  tonus  of  the  musculature  concerned  in  the  movements 
of  the  right  arm  downwards,  is  situated  at  the  medial  extremity  of  the  right 
superior  and  inferior  semilunar  lobules.      (Abwartstonus  Zentrum.) 

X  A  center  for  the  tonus  of  the  musculature  concerned  in  abduction  of 
the  right  arm  is  situated  at  the  lateral  angle  of  the  hemisphere  in  the  right  su- 
perior and  inferior  semilunar  lobules.      (Auswartstonus  Zentrum.) 

O  A  center  for  the  tonus  of  the  musculature  concerned  in  adduction  of 
the  right  hand  is  situated  in  the  anterior  part  of  the  right  digastric  lobule  in  the 
area  immediately  behind  the  labyrinth  as  it  lies  in  the  petrous  bone.f  (Einwarts- 
tonus  Zentrum.) 

-f-  A  center  for  the  tonus  of  the  musculature  adducting  the  right  arm  is 
situated  caudad  and  laterad  from  the  preceding  center,  in  the  right  digastric 
lobule. 

±  Still  more  laterad  and  caudad  on  the  right  side  is  situated  a  center  for 
the  tonus  of  the  musculature  adducting  the  right  hip. 

In  the  left  hemisphere  of  course  a  similar  arrangement  of  centers  obtains. 

It  is  evident  from  the  foregoing  account  that  the  general  theory  of  cerebel- 
lar localization  as  originally  formulated  by  Bolk  has  been  to  a  large  extent  con- 
firmed not  alone  by  experimental  studies  but  also  by  careful  clinical  observation. 
Barany's  localizations  in  the  human  cerebellar  cortex  remain  yet  to  be  confirmed 
in  detail  but  the  importance  of  his  work  in  thus  presenting  a  possible  means  of 
early  diagnosis  of  cerebellar  disease  cannot  be  overestimated. 

It  will  be  of  interest  in  conclusion  to  contrast  the  phenomena  of  motor 
localization  characteristic  of  the  cerebrum  with  those  of  the  cerebellum  and  note 
the  fundamental  differences  between  cerebral  and  cerebellar  control. 

The  cerebellar  cortex  has  been  shown  to  be  practically  inexcitable  as  com- 
pared with  that  of  the  cerebrum  over  the  motor  area. 

Muscular  representation  in  the  cerebral  motor  area  is  chiefly  determined  by 
the  segmental  position  of  the  respective  muscles  and  broadly  speaking,  the  more 
caudad  muscles  are  represented  in  the  upper  portion  of  the  motor  area  while 
the  most  cephalic  groups  are  represented  in  the  lowest  areas  of  the  precentral 
region.  On  the  other  hand  in  the  cerebellum,  w^hile  the  grouping  of  the  "tonus 
centers"  has  been  determined  in  part  by  segmental  position,  their  arrangement 

*Barany  has  frequently  demonstrated  that  "spontaneous  deviation"  (to  the  right  or  left  in  the 
sagittal  plane)  may  exist  in  the  hand  while  in  the  position  of  pronation  but  be  entirely  lacking  when  the 
position  is  changed  to  that  of  supination.  Such  clinical  phenomena  receive  an  explanation  on  the  hypothesis 
of  subsidiary  centers. 

jThe  subsidiary  center  for  the  toiuis  of  the  muscles  adducting  the  hand  when  in  the  position  of 
pronation,  is  more  medially  placed  than  the  center  for  adduction  of  the  hand  when  in  the  position  of  su- 
pination. 
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within  the  lobules  has  been  chiefly  determined  by  the  functional  association  of 
muscular   groups. 

The  cortex  of  the  cerebellum  is  everywhere  concerned  in  the  elaboration  of 
tonic,  sthenic  and  static  impulses  of  a  reinforcing  nature  distributed  for  the  most 
part  homolaterally.  A  special  part  only  of  the  cerebral  cortex  is  concerned  in 
the  elaboration  of  impulses  of  a  voluntary,  motor,  clonic  nature  distributed  hetero- 
laterally. 

Destruction  of  the  motor  cortex  on  one  side  of  the  cerebrum  gives  rise  to 
an  actual  paralysis  of  a  spastic  nature  in  the  musculature  of  the  opposite  side  of 
the  body  while  destruction  of  the  cortex  on  one  side  of  the  cerebellum  causes 
no  paralysis  but  gives  rise  to  atonia,  asthenia  and  astasia  of  the  musculature  on 
the  same  side  of  the  body. 
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L.  Bolk:  (1)  "Hauptziige  der  vergleichenden  Anatomie  des  Cerebellum  der  Sauge- 
tiere,  mit  besonderer  Beriicksichtigung  des  menschlichen  Kleinhirns" — Monstschr.  f.  Ps\-chiat. 
u.  Neurologic,  Bd.  12,  Heft  5,  1902.  pp.  432-467.  (2)  "Beitrage  zur  Affen-Anatomie  IV — 
Das  Kleinhirn  der  NeuweltafFen"— Morphol.  Jahrb.  Bd.  31,  1902,  pp.  44-84.  (3)  "Das  Cere- 
bellum der  Saugetiere" — Part  I,  Petrus  Camper,  Vol.  3.  1905,  pp.  1-136;  Part  II,  ibid.,  pp. 
455-598;  Part  III,  ibid.,  Vol.  4,  1906,  pp.  115-194.  The  theory  of  cerebellar  localization  is 
summarized  and  the  problem  of  morphological  variation  in  relation  to  function  discussed  in 
the  third  part  of  this  communication,  pp.  153-194.  (4)  "Das  Cerebellum  der  Saugetiere" — 
Jena,  1906.  This  is  a  collection  in  book  form  of  the  researches  published  in  Petrus  Camper 
in  three  parts. 

G.  Van  Rijnbcrk  has  published  critical  reviews  of  the  current  literature  on  cerebellar 
localization  up  to  1912 — (1)  "Die  neueren  Beitrage  zur  Anatomie  und  Physiologic  des  Klein- 
hirn der  Sanger,"  Part  III,  Foha  Neurobiologica,  Bd.  I.  1907,  pp.  535-551.  (2)  "Weitere 
Beitrage  zum  Localisationsproblem  in  Kleinhirn."  ibid.  Bd.  6,  1912,  pp.  143-170.  Reference 
should  also  be  made  to  Luciani's  discussion  of  cerebellar  localization  in  "Human  Physiology."' 
Vol.  III.    English  translation  from  4lh  Italian  Ed..  Macmillan  &  Co..  1915 — pp.  473-485. 

Andre-Thomas  ct  Duruft,  in  their  book  "Localisations  Cerebelleuscs"  (Paris,  1914), 
present  the  results  of  their  researches  upon  dogs  and  monkeys  together  with  an  interesting 
and  detailed  review  of  the  subject  in  all  its  phases  and  an  extensive  bibliography. 

Babinski  et  Tournay  in  their  communication  "Le  Symptomes  des  Maladies  du  Cervelet 
et  Icur  Signification"  read  at  the  meeting  of  the  17th  International  Congress  of  Medicine  in 
London  have  discussed  the  clinical  aspect  of  this  problem.  An  extensive  clinical  bibliography 
is  also  given  in  this  report — Transactions,  Section  XI.  Part  I,  1912 — pp.  51-58.  The  paper 
liy  M.  Rothmann  on  "The  Symptoms  of  Cerebellar  Disease  and  Their  Significance"  (ibid.. 
pp.  59-83 )   should  also  be  consulted  in  this  connection. 

R.  Baraiiy  has  published  a  number  of  his  important  clinical  observations  under  the  title, 
"Lokalisation  in  der  Rinde  der  Kleinhirnhemispharen  des  Mensciicn"^VViener  klinische 
Wochenschrift.  Xo.  52,  Dec.  26,  1912.  His  technic  is  described  and  a  brief  summary  given 
in  the  papers  by  Babinski  et  Tournay  and  by  .\ndre-Thomas  et  Durupt.  cited  above. 
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IN  the  normal  heart  the  sinoauricular  node,  a  specialized  structure  which  lies 
in  the  floor  of  the  sulcus  terminalis  of  the  right  auricle,  has  a  higher  degree 
of  rhythmicity  than  any  other  portion  of  the  cardiac  tissue  and  it  is  in  this  node 
that  the  normal  cardiac  rhythm  has  its  origin.  Under  abnormal  conditions,  how- 
ever, some  other  part  of  the  heart  may  initiate  stimuli  more  rapidly  than  the 
sinus  node  or  may  be  functionally  separated  from  it  by  conduction  changes  and 
may  thus  become  the  cardiac  pacemaker.  Rhythms  which  arise  outside  of  the 
sinus  node  have  been  called  ectopic  rhythms.  Lewis^  has  long  insisted  that  such 
rhythms  should  be  divided  into  two  classes,  homogenetic  ectopic  rhythms  and 
heterogenetic  ectopic  rhythms.  In  the  first  type  the  impulses  are  supposed  to 
be  generated  by  physiologic,  in  the  later  type  by  pathologic  processes. 

Regular  Ectopic  Rhythms  of  the  Heterogenetic  Type. 

Heterogenetic  rhythms  are  recognized  by  the  following  characteristics:  (1) 
The  impulses  which  give  rise  to  them  are  formed  at  a  very  rapid  rate.  This 
may  lie  anywhere  between  140  and  370  per  minute.  (2)  The  rate  is  remark- 
ably constant  and  is  little  or  not  at  all  influenced  bv  procedures  which  influence 
the  normal  cardiac  rhythm  such  as  change  of  posture,  exercise,  or  stimulation 
of  the  vagus  nerves.  It  is  true  that  such  rhythms  sometimes  cease  abruptly  upon 
the  application  of  various  therapeutic  measures  which  involve  vagus  stimulation 
but  the  cessation  of  the  abnormal  rhythm  is  not  usually  preceded  by  any  grad- 
ual slowing  and  the  results  of  vagus  stimulation  are  very  inconstant.  (3)  There 
is  a  marked  and  abrupt  change  in  heart  rate  at  the  onset  and  at  the  end  of  the 
abnormal  rhythm.  (4)  The  abnormal  rhythm  occurrs  as  a  rule  in  paroxysms 
which  cease  abruptly  and  which  are  followed  by  a  post-paroxysmal  pause  ana- 
logous to  the  pause  which  follows  a  premature  systole.  In  fact  such  rhythms  are 
believed  to  be  made  up  of  a  series  of  premature  beats  arising  at  the  same  point. 
They  probably  arise  only  when  the  physiologic  integrity  of  some  small  area  of 
the  heart  muscle  has  been  interfered  with  either  by  an  organic  lesion,  by  some 
toxic  agent,  or  by  nutritional  changes. 

Paroxysmal  Tachycardia. 

Clinically,  we  divide  regular  rhythms  of  the  heterogenetic  type  into  two 
classes,  paroxysmal  tachycardia  and  auricular  flutter.  Paroxysmal  tachycardia 
usually  arises  in  the  auricular  muscle,  less  commonly  in  the  ventricular  muscle 
or  in  the  special  muscular  structures  which  unite  auricles  and  ventricles.  The 
heart  rate  during  the  paroxysm  usually  lies  between  140  and  220  per  minute. 
An  example  of  an  attack  of  paroxysmal  tachycardia  of  auricular  origin  is  shown 
in  Fig.  1.  It  exhibits  the  typical  features  of  a  heterogenetic  rhythm;  the  rapid 
rate   (150  per  minute),  the  abrupt  and  marked  change  in  heart  rate  at  its  ter- 
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mination,  and  the  post-paroxysmal  pause.  The  ectopic  nature  of  the  rhythm  is 
shown  by  the  abnormal  form  of  the  P-wave  of  the  electrocardiogram.  This  is 
inverted  and  occurs  between  the  R-  and  P-waves  of  the  ventricular  complex. 
The  last  ventricular  complex  is  not  modified  by  one  of  these  inverted  P-waves, 
which  indicates  that  the  last  ventricular  contraction  occurred  in  response  to  the 
auricular  contraction  which  coincided  with  the. previous  ventricular  systole.  The 
prolongation  of  the  P-R  interval  in  combination  with  the  rapid  heart  rate  caused 
auricles  and  ventricles  to  contract  simultaneously  and  thus  produced  the  posi- 
tive venous  pulse  seen  in  Fig.  1.  This  increase  in  the  length  of  the  P-R  interval 
is  common  in  paroxysmal  tachycardia  and  is  probably  due  to  fatigue  of  the 
junctional  tissues  as  a  result  of  the  rapid  heart  rate.  A  diagram  of  the  cardiac 
mechanism  is  shown  in  Fig.  1,  the  heterogenetic  character  of  the  ectopic  rhythm 
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Fig.  1. — Lead  II.  The  end  of  an  attack  of  paroxysmal  tachycardia.  Heart  rate  during  attack 
150  per  minute.  Heart  rate  after  attack  86  per  minute.  The  change  in  heart  rate  at  the  end  of  the 
abnormal  rhythm  is  abrupt  and  there  is  a  post-paro.xysmal  pause.  The  P-vvave  is  inverted  during  the 
abnormal  rhythm  and  occurs  I  ctwcen  K  and  i'  ol  the  ventr.c.ua  comp.ex.  There  is  a  positive  venous 
])ulse  during  the  paroxysm.  The  cardiac  mechanism  is  diagramed  heio.w  the  tracing.  The  heterogenetic 
character  of  the  ectopic  rhythm  is  represented  in  the  diagram  by  the  white  centers  of  the  auricular  rec- 
tangles  which   correspond   to   the  inverted   P-vvfaves. 

being  represented  by  the  white  centers  of  the  rectangles   which  c<M-respond   to 
auricular  systoles. 

AuRicuL.Mv  Flutter. 

Auricular  flutter  differs  from  paroxysmal  tachycardia  of  auricular  origin 
in  the  following  particulars  :  (1)  The  auricular  rale  is  more  rajiid  and  lies  be- 
tween 200  and  370  per  minute.  (2)  Either  because  of  the  very  rapid  auricular 
rate  alone  or  because  of  a  depression  of  the  conductivity  of  the  junctional  tis- 
sues in  addition  the  ventricles  do  not  respond  to  every  auricular  contraction. 
When  the  patient  first  comes  under  observation  the  ventricular  rate  is  most 
often  one-half  the  auricular.  Vagus  stimulation  does  not  influence  the  auricular 
rate  but  slows  the  ventricles  by  increasing  the  grade  of  block.     Digitali..  has  a 
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similar  effect  and  it  is  common  after  tlie  administration  of  this  drug  to  find  that 
the  ventricular  rate  has  been  reduced  to  one-fourth  of  the  auricular.  In  large 
doses  digitalis  frequently  transforms  auricular  flutter  into  auricular  filjrillation 
and  finally  this  may  be  followed,  when  digitalis  is  discontinued,  by  the  return 
of  the  normal  rhythm.  (3)  Attacks  of  auricular  flutter  arc  usually  much 
longer  than  those  of  paroxysmal  tachycardia,  their  duration  being  measured  in 
months  or  years  rather  than  in  hours  or  days.  The  essential  features  of  this  dis- 
order are  shown  in  Fig.  2.  The  auricles  of  the  patient  from  whom  this  record 
was  obtained  were  beating  at  the  rate  of  240  per  minute  while  the  ventricles 
which  responded  to  every  fourth  auricular  contraction  were  beating  but  60  times 
per  mmute.  Occasionally  the  ventricles  responded  irregularly  to  every  third, 
fourth,  fifth,  or  sixth  auricular  systole.  The  P-waves  of  the  electrocardiogram 
have  an  abnormal  outline  indicating  that  this  abnormal  rhythm  is  ectopic.  Each 
P-wave  is  accompanied  by  an  a-wave  in  the  venous  pulse.  The  auricular  rate 
was  very  constant  from  day  to  day  and  was  not  influenced  by  vagus  stimulation. 
This  fact  together  with  the  very  rapid  rate  of  impulse  formation  indicates  sufifi- 
cientlv  well  the  heterogenetic  character  of  this  ectopic  rhythm. 
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Fig-  2. — lyead  II.  Auricular  flutter.  The  auricular  rate  is  240  per  minute,  the  ventricular  rate 
60  per  minute.  The  P-waves  are  abnormal  in  form.  Corresponding  to  each  P-wave  there  is  an  a-wave  in 
the  venous  pulse. 

Homogenetic  Ectopic  Rhythms. 

Homogenetic  ectopic  rhythms  are  recognized  by  the  following  character- 
istics: (1)  They  are  of  comparatively  slow  rate.  (2)  The  change  in  heart 
rate  at  their  onset  and  at  their  end  is  gradual  and  is  usually  not  very  marked. 
(3j  The  rate  of  these  rhythms  is  influenced  like  the  normal  rhythm  by  exer- 
cise and  by  stimulation  of  the  extracardiac  nerves.  (4)  There  is  no  pause  fol- 
lowing the  abnormal  rhythm  similar  to  that  seen  at  the  end  of  an  attack  of 
paroxysmal  tachycardia. 

Ectopic  rhythms  of  this  type  lie  dormant  everywhere  in  the  heart  although 
practically  we  have  to  deal  only  with  those  centers  which  lie  in  the  specialized 
tissues  of  the  atrioventricular  junction  wdiose  rhythmicity  is  greater  than  that  of 
the  undifferentiated  cardiac  muscle  elsewhere.  All  of  these  centers  remain  quies- 
cent until  an  increase  in  their  rhythmicity  or  a  decrease  in  the  rhythmicity  of 
the  sinus-node  enables  that  one  whose  inherent  rate  is  highest  to  assert  itself. 
Since  most  homogenetic  ectopic  rhythms  have  their  origin  in  the  junctional  tis- 
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sues  they  are  usually  referred  to  as  atrioventricular  rhythms.  Such  rhythms 
may  arise  spontaneously,  most  often  during  the  course  of  certain  acute  diseases 
especially  diphtheria-  and  acute  rheumatic  fever.^  IVIore  often  they  may  be  pro- 
duced by  stimulation  of  the  vagus.*'  '  They  may  also  occur  after  the  adminis- 
tration of  digitalis.'^  \\'e  have  recently  been  able  to  show  that  such  rhythms  may 
be  produced  in  the  majority  of  young  adults  by  vagus  stimulation  between  eight 
and  fifteen  minutes  after  the  administration  of  one-fiftieth  of  a  grain  of  atropin 
sulphate.^  This  drug  appears  to  increase  the  susceptibility  to  atrioventricular 
rhythm  by  a  selective  action  upon  the  vagus  endings  in  that  it  paralyzes  those 
that  are  found  in  the  auriculoventricular  node  before  it  paralyzes  those  that 
lie  in  the  sinus  node.  We  have  been  able  to  obtain  a  large  number  of  atrioven- 
tricular rhvthms  bv  this  method.     Thev  are  usuallv  of  short  duration  and  are 
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Fig.  3. — Lead  III.  An  A-V  rhythm  of  type  I,  with  the  transition  to  the  normal  rhythm.  Dur- 
ing the  A-V  rhytlim  the  P-wave  is  inverted  and  tlie  I'-R  and  a-c  intervals  are  slightly  reduced.  In  the 
tliird  cycle  the  P-wave  is  invisible  although  there  is  a  definite  a-wave  in  the  venous  pulse.  The  absence 
of  the  P-wave  is  due  to  the  fact  that  two  excitation  waves  met  in  the  auricular  walls  and  neutralized 
each  other  electrically.  The  cardiac  mechanism  is  diagramed  below  the  tracing.  This  A-V  rhythm  orig- 
inated  high    up   in   the   junctional    tissues   or    possibly    in    the    coronary    sinus    region. 

not  accompanied  by  symptoms  except  that  palpitation  is  occasionally  experienced 
when  auricles  and  ventricles  contract  simultaneously.  For  convenience  in  their 
description  atrioventricular  rhythms  may  be  divided  into  three  types;  type  1  in 
which  the  P-R  interval  is  present  but  reduced,  type  2  in  which  the  P-R  interval 
is  zero,  and  type  3  in  which  there  is  an  R-P  interval. 

Atrioventricular  rhythm  of  type  1  is  illustrated  in  Fig.  3.  The  abnormal 
rhythm  is  comparatively  slow,  there  is  no  abrupt  change  in  heart  rate  and  no 
pause  at  its  termination.  These  facts  indicate  its  homogenetic  character.  The 
P-wave  of  the  electrocardiogram  is  inverted  and  the  P-R  and  a-c  intervals  are 
both  slightly  reduced  indicating  that  the  ectopic  rhythm  originated  in  the  upper 
levels  of  the  junctional  tissues.  The  cardiac  mechanism  is  diagramed  below  the 
tracing. 

Atrioventricular   rh\lhni   of  type  2   is   illustrated   in    Fig.   4.     This  ectopic 
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rhythm  displays  the  same  characteristics  as  that  of  Fig.  3  except  that  the  P- 
wave  cannot  be  made  out  during  the  abnormal  rhythm.  There  is  a  tall  wave 
in  the  venous  pulse,  however,  which  indicates  that  auricles  and  ventricles  con- 
tracted simultaneously.  The  P-wave  is  buried  in  the  R-wave  and  the  P-R  in- 
terval may  therefore  be  given  as  zero.  Such  rhythms  arise  in  the  central  por- 
tion of  the  junctional  tissues. 

Fig.  5  illustrates  atrioventricular  rhythm  of  type  3.  Here  again  the  ab- 
normal rhythm  has  the  characteristics  which  place  it  in  the  homogenetic  group. 
Tn  this  instance,  however,  the  P-wave  which  is  inverted  falls  behind  R  and  there 
is  an  R-P  interval  of  .175  seconds.  Such  rhythms  originate  in  the  lower  levels 
of  the  junctional  tissues. 

Ths  Transitions  between  Normal  and  Atrioven'Trtcular  Rhythm. 

The  transitions  between  normal  and  atrioventricular  rhythms  are  of  in- 
terest  since   thev   illustrate   verv   well   the   essential    differences   between   homo- 
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Fig.  4. — Lead  II.  An  A-V  rhythm  of  type  2,  with  the  transition  frojn  the  normal  rhythm.  At 
the  beginning  of  the  abnormal  rhythm  P  without  changing  its  form  gradually  approaches  and  disappears 
within  the  R-wave.  During  the  abnormal  rhythm  (last  three  cycles)  P  is  invisible  but  there  is  a  tall 
wave  in  the  venous  pulse  indicating  that  auricles  and  ventricles  contracted  simultaneously.  This  rhythm 
originated  in  the  central  portion  oi  the  junctional  tissues,  presumably  in  the  region  of  the  A-V  node. 
The  cardiac  mechanism  is  diagramed  below  the  tracing.  Note  that  in  the  fourth  and  fifth  cycles  there 
is  an  interference  of  two  excitation  waves  in  the  junctional  tissues  and  that  in  these  two  cycles  the 
auricles  responded  to  the  sinus   node  and  the  ventricles  to   the  center  in  the  junctional   tissues. 

genetic  and  heterogenetic  ectopic  rhythms.  A  transition  from  atrioventricular 
^hythm  of  type  1  to  the  normal  rhythm  is  shown  in  Fig.  3.  There  is  very  little 
change  in  heart  rate  at  the  end  of  the  abnormal  rhythm.  The  P-wave  of  the 
third  cycle  which  marks  the  transition  from  abnormal  to  normal  rhythm  is  iso- 
electric. In  this  instance  the  two  excitation  waves,  one  from  the  sinus  node  and 
one  from  the  junctional  tissues,  neutralized  each  other  electrically.  More  often 
the  P-waves  which  are  due  to  the  interference  of  two  oppositely  directed  ex- 
citation waves  in  the  auricular  muscle  are  either  small  and  upright  or  diphasic 
(Fig.  5). 
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When  transitions  from  normal  rhythm  to  A-V  rhythm  of  type  2  occur  (Fig. 
4)  the  P-wave  of  the  normal  rhythm  does  not  change  its  form  but  there  is  a 
gradual  shortening  of  the  P-R  interval  so  that  P  gradually  moves  up  to  and  dis- 
appears in  R.  No  deformed  or  inverted  P-waves  are  seen  since  the  excitation 
wave  from  the  junctional  tissues  does  not  reach  the  auricles  until  the  begin- 
ning of  the  R-wave.  The  shortening  of  the  P-R  interval  with  no  change  in  the 
shape  of  the  P-wave  which  occurs  during  such  transitions  indicates  that  for 
a  short  period  the  auricles  respond  to  the  sinus  node  while  the  ventricles  respond 
to  the  atrioventricular  node. 

This  period  of  auriculoventricular  dissociation  is  much  longer  as  a  rule  in 
transitions  from  the  normal  rhythm  to  an  atrioventricular  rhythm  of  type  5. 
In  Fig.  5  it  will  be  seen  that  the  P-wave  gradually  approaches  the  R-wave  and 
finally  appears  after  it  without  changing  its  form,  indicating  that  during  this 
period  the  auricles  are  responding  to  the  sinus  node  as  in  the  normal  rhythm. 
In  the  seventh  cycle,  however,  the  P-wave  is  deformed  because  in  this  instance 
there  was  an  interference  of  two  excitation  waves  in  the  auricular  muscle.  Af- 
ter this  transitional  P-wave  auricular  systole  is  represented  by  an  inverted  P 
which  means  that  in  the  last  two  cycles  seen  in  the  figure  the  auricles  responded 
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iMg.  5. — Lead  II.  A  transition  from  normal  rhythm  to  an  A-V  rhythm  of  type  3.  The  P-wave 
gradually  approaches  R  and  finally  appears  after  R  in  the  sixth  cycle  without  changing  its  form.  From 
cycle  three  to  cycle  si.x  the  auricles  responded  to  the  sinus  node  wdiile  the  ventricles  responded  to  a 
center  low  down  in  the  junctional  tissues,  proliably  in  the  main  stem  of  the  His  lumdle  just  above  its 
bifurcation.  The  two  excitation  waves  met  during  this  time  in  the  junctional  tissues.  In  cycle  seven 
the  two  excitation  waves  met  in  the  auricular  walls  and  the  P-wave  of  this  cycle  is  deformed.  In  the 
last  two  cycles  the  auricles  responded  to  the  junctional  tissues  and  the  I'wave  is  inverted.  There  is  an 
R-P  interval  of  .175  seconds  during  the  A-V  rhythm  while  the  normal  I'-R  time  is  only  A^O  seconds  in 
this  case. 

to  the  center  in  the  junctional  tissues.  When  the  transition  from  normal  to 
A-V  rhythm  is  not  complete  short  periods  of  dissociation  similar  to  that  setn 
in  Fig.  5  may  occur  alone.  In  such  cases  the  fact  that  llio  P-wave  is  of  the  nor- 
mal form  wliile  the  P-R  interval  is  reduced  should  lead  to  their  correct  analysis. 

Thd  Form  of  the  P-Wave  and  oi-  thk  Ventricular  Complex  i.\ 

Atrioventricular  Rhythm. 

From  the  analysis  of  a  large  number  of  atrioventricular  rhythms  obtained 
by  vagus  stimulation  after  the  administration  of  atropin  we  have  found  that  in 
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A-V  rhythm  of  type  1  the  P-\vave  is  inverted  in  leads  II  and  III  and  upright  in 
lead  I.  The  most  marked  inversion  occurs  in  lead  III.  These  observations  in- 
dicate that  the  average  direction  in  which  the  excitation  wave  travels  over  the 
auricles  is  upward  and  to  the  left  rather  than  do,wnward  and  to  the  left  as  in 
the  normal  rhythm.  This  makes  it  seem  likely  that  A-V  rhythms  of  type  I, 
originate  in  the  region  of  the  coronary  sinus.  In  A-V  rhythm  of  type  2  the  P- 
wave  occurs  simultaneously  with  R  and  is  invisible  in  all  leads.  In  A-V  rhythm 
of  type  3  the  P-wave  is  inverted  in  leads  II  and  III.  In  the  single  instance  in 
which  we  have  obtained  an  A-V  rhythm  of  this  type  in  lead  I  the  P-wave  was 
invisible.  This  was  also  the  case  in  an  A-V  rhythm  of  type  3  described  by  Wil- 
liams and  James^  and  in  another  case  described  by  White. ^  It  seems  likely 
therefore  that  this  is  the  rule  and  that  the  excitation  wave  does  not  follow  ex- 
actly the  same  course  over  the  auricles  in  A-V  rhythms  of  type  3  that  it  fol- 
lows in  those  of  type  1. 

The  ventricular  complex  in  A-V  rhythm  is  usually  of  the  normal  type  since 
the  excitation  wave  is  distributed  over  the  ventricles  by  the  same  route  as  in  the 


Fig.   6. — Lead   III.     An  A-V  rhythm  of  type   3    fro^   the   same   patient   as   Fig.    4.      The  ventricular 
complex  is  abnormal   during  the   A-V   rhythm   in   that   R   is   taller   and   is    not   notched   and   T   is   inverted. 

normal  rhythm.  Occasionally,  however,  the  ventricular  complexes  are  distinctly 
abnormal  during  an  A-V  rhythm  of  type  2  or  3.  This  may  occur  in  normal  in- 
dividuals and  is  most  common  in  lead  III.  In  Fig.  6,  for  example,  the  ven- 
tricular complexes  of  the  ectopic  rhythm  are  distinctly  different  from  those  of 
the  normal  rhythm ;  the  R-wave  is  taller  and  is  not  notched  and  the  T-wave  is 
inverted.  Since  the  origin  of  the  A-V  rhythm  in  this  case  was  well  above  the 
bifurcation  of  the  His  bundle  as  is  shown  by  the  fact  that  there  is  no  R-P  in- 
terval the  abnormality  of  the  ventricular  complexes  can  we  believe  best  be  ex- 
plained by  assuming  that  the  center  which  gave  rise  to  the  ectopic  rhythm  was 
so  situated  in  the  A-V  node  that  the  excitation  wave  did  not  pass  through  the 
lower  junctional  tissues  by  the  normal  route  and  therefore  did  not  pass  down 
both  branches  of  the  His  bundle  simultaneously. 

The  Idioventricular  Rhythm  of  Complete  Heart-block. 

In  complete  heart-block  the  stimuli  which  are  formed  at  the  sinus  node  are 
prevented  from  reaching  the  ventricles  and  the  most  rhythmic  of  the  ventricu- 
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lar  centers  acts  as  pacemaker  for  these  heart  chambers.  The  idioventricular 
rhythm  in  such  cases  is  a  slow  one,  usually  about  30  per  minute.  Its  rate  is  in- 
fluenced by  exercise  but  not  as  a  rule  by  vagus  stimulation.  The  rhythm  is 
a  homogenetic  one :  its  failure  to  be  influenced  by  vagus  stimulation  is  probably 
due  to  the  destruction  or  functional  depression  of  the  vagus  fibers  that  go  to  the 
ventricles  by  the  same  agent  which  produced  the  heart-block. 

The  ventricular  complexes  of  the  electrocardiogram  in  complete  heart-block 
is  usually  of  the  normal  form  indicating  that  the  idioventricular  pacemaker  is 
situated  in  the  junctional  tissues  below  the  block.     Occasionally,  however,  the 
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Fig.  7. — Two  distinct  types  of  ventricular  complex  obtained  from  a  case  of  avnicnlar  lil>rillation 
with  complete  heart-block.  The  type  of  ventricular  complex  labeled  Scries  II  was  tlie  one  usually 
present.      (See  discussion   in   text.) 


ventricular  complexes  are  abnormal  and  such  ca>cs  nuisl  lie  explained  by  as- 
suming that  the  controlling  center  lies  below  the  bifurcalion  of  llie  His  bundle 
or  that  if  the  center  lies  above  this  jioinl  there  is  a  block  in  one  braiicli  of  the 
His  bundle.  Still  more  rarely  the  type  of  ventricular  complex  in  complete  heart- 
block  changes  from  time  to  time  and  when  this  occurs  one  must  assume  either 
that  there  are  two  centers  competing  for  the  position  of  ventricular  pacemaker 
and  that  now  one  and  now  the  other  fills  this  post  or  that  there  is  a  single  cen- 
ter and  that  the  changes  in  the  form  of  the  ventricular  complex  are  due  to  varia- 
tions in  the  conductivity  of  the  branches  of  the  His  bundle.  Tt  is  usually  im- 
possible to  decide  which  of  these  twn  explanations  is  the  correct  one.     .An  ex- 
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ample  of  complete  heart-block  in  which  two  types  of  ventricular  complex  were 
observed  is  given  in  Fig.  7. 

Summary. 

In  conclusion  we  may  say  that  we  believe  Lewis'  division  of  ectopic  rhythms 
into  two  groups,  homogenetic  rhythms  and  heterogenetic  rhythms,  is  in  har- 
mony with  the  facts  and  that  it  is  of  the  greatest  importance  since  it  dis- 
tinguishes between  ectopic  rhythms  which  are  essentially  pathologic  and  those 
which  are  essentially  physiologic  in  origin.  The  principal  differences  between 
the  two  types  of  ectopic  rhythms  are  tabulated  below-. 

HOMOGENETIC  HETEROGEKETIC. 

1.  Slow   rate.  1-  ^'e^y  rapid  rate. 

2.  No  pause  tit  end   of  abnormal   rhythm.  2.  Post-paroxysmal   pause. 

3.  Slowed   by   vagus   stimulation.  3.  Usually  not  affected  by  vagus  stimula- 
Rate  increased  by  exercise.  tion  or  exercise. 

4.  No  marked  nor  abrupt  change  in  heart  4.  Abrupt    and    marked    change    in    heart 

rate  at  beginning  and  end  of  abnor-  rate   at   onset   and   end   of   abnormal 

mal   rhythm.  rhythm. 

5.  Practically    always    originate    in    junr-  5.     Usually   originate    in    auricular    muscle, 

tional  tissues.  rarely  in  junctional  tissues. 

6.  Essentially   plu'siologic    in    origin.  6.     Essentially  pathologic  in  origin. 
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THE  EFFECT  OF  VENOUS  STASIS   ON  THE  PROTEINS   OF  HUMAN 

BLOOD  SERUM* 


By  Albert  H.  Rowe,  M.S.,  ^I.D.,  Sax  Francisco,  Calif. 


THAT  mechanical  increase  in  the  blood  pressure  does  not  increase  the  con- 
centration of  arterial  or  venous  blood  was  shown  by  Bohm^  and  Asher.- 
On  the  other  hand,  it  has  long  been  known  that  venous  stasis  does  increase  the 
concentration  of  the  blood.  Grawitz,"  Schultz  and  Wagner*  and  many  others 
have  studied  the  increase  in  the  erythrocytes,  hemoglobin,  specific  gravity,  and 
total  solids  of  the  whole  blood  that  results  from  stasis. 

The  total  protein  of  serum  also  increases  with  stasis  and  the  estimation 
of  this  increase  gives  a  less  erroneous  idea  of  the  amount  of  stasis  present 
than  does  a  determination  of  the  concentration  of  the  whole  blood.  This  fact 
is  shown  in  many  cases  of  cardiac  failure  where  there  may  be  an  increase  in 
the  red  count  and  hemoglobin,  as  well  as  in  the  specific  gravity  and  total  solids, 
while  the  serum  is  definitely  thinner  than  normal.  An  explanation  of  this  ap- 
parent discrepancy  is  afforded  by  the  work  of  Cohnstein  and  Zuntz^  who 
showed  that  with  a  constant  number  of  red  cells  in  the  circulatory  system,  their 
number  in  any  blood  vessel  depends  on  the  width  of  that  vessel.  Thus  nar- 
row capillaries  hold  relatively  much  plasma  and  few  red  cells,  which  forces  extra 
reds  into  other  parts  of  the  circulatory  system.  It  can  be  seen,  therefore,  that 
changes  in  the  width  of  vessels  in  disease  can  alter  the  true  relation  of  red 
cells  to  plasma.  Moreover  B5hme*'  has  shown  that  the  red  count  of  capillary 
blood  is  increased  above  normal  with  venous  stasis  while  the  concentration  of 
the  serum  is  not  changed.  The  same  holds  true  with  the  red  count  and  the 
serum  when  cold  is  applied  to  the  skin,  as  was  shown  by  Grawitz,^  ^^'internitz' 
and  Nonnenmacher.^ 

Kreibich,''  while  doing  refractometric  determinations  of  total  protein  in  the 
blood  sera,  noticed  accidentally  that  venous  blood  which  had  been  under  mod- 
erate stasis  showed  a  higher  refractive  index  than  did  arterial  blood  but  he 
failed  to  recognize  the  cause.  To  Schwenker,^"  working  under  Bohme,*'  be- 
longs the  credit  of  working  out  the  fact  that  the  total  protein  of  the  blood  serum 
progressively  increases  with  the  degree  of  venous  stasis.  For  the  determina- 
tion of  the  proteins  the  refractometric  method  of  Reiss^^  was  used.  Some  of 
his  data  have  been  incorporated  in  articles  by  Reiss  and  Bohme  together  with 
some  of  their  individual  observations  on  this  same  problem.  Schwenker  def- 
initely showed  that  the  longer  stasis  was  sustained  the  higher  was  the  increase 
in  total  protein.  Thus  he  found  that  in  16  minutes  there  was  an  increase  from 
7.4  per  cent  protein  to  11.4  per  cent  while  in  42  minutes  the  increase  was  from 
7.2  per  cent  to  12.16  per  cent.  His  method  was  to  produce  stasis  with  the  in- 
flated arm  band  of  a  blood  pressure  machine,  the  pressure  being  held  station- 
arv  throughout  the  experiment  at  a  point  just  :i  little  above  the  diastolic  pres- 
sure as  advised  by  Zur  Verth,''-  in   order  to   give  the  most  intense  stasis.     A 
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lumbar  puncture  needle  with  stylet  was  inserted  into  the  median  vein  before 
stasis  was  begun  and  was  left  throughout  the  experiment.  When  a  specimen 
of  blood  was  taken  the  stylet  was  withdraw^n  from  the  needle's  bore  and  rein- 
serted when  enough  blood  was  obtained.  Schwenker  also  determined  that  even 
the  physiological  stasis  produced  by  hanging  the  arm  over  the  bedside,  as  often 
occurs  in  sleep,  gave  an  increase  of  .7  per  cent  protein  in  nine  minutes. 

Cohnheim's^^  explanation   of  this   increase   in   total   protein   due  to  venous 
stasis    still    holds.      His    assumption   was  that  a  protein-poor   fluid   passes  out 


AGE                DIAGNOSIS 

DURATION 
OF 

STASIS 

DEGREE 

OF 
STASIS 

Tourniquet 

ALBUMIN 

NAME 

NO 

STASIS 

WITH 

STASIS 

INCREASE  DUE 
TO  STASIS 

1.     G.  C. 

21      Cardiac  neurosis 

1  min. 

5.7 

2.  H.O.M. 

Arteriosclerosis 
50      Chronic  interstitial 
nephritis 

1^  min. 

« 1 

5.3 
4.4 

56 

.3 

3.  F.  G. 

en      Fractured  femur 
^"      and  fibula 

If  min. 

( t 

4.6 

.2 

4.  Z.  M. 

17      Chronic  nephritis 

8  min. 

75mmHg. 

3  85 

4.2 

.35 

5.  E.  L. 

-Q      Gall  stones 

Arteriosclerosis 

10  min. 

100    " 

4.8 

6.1 

1.3 

6.  I.  R. 

53      Duodenal  ulcer 

10  min. 

100    " 

5. 

6.2 

1.2 

7.  J.  I. 

Pulmonary  tuber- 
35      culosis.      Hyper- 
thyroidism 

13  min. 

90    " 

4.6 

5.8 

1.2 

8.  J.   B. 

41       Hysteria 

15  min. 

100    " 

5. 

7.6 

2.6 

9.  P.  M. 

34      Subacute  bronchitis 

15  min. 

100 

5.7 
5.2 

7.65 

1.95 

10.  M.  S. 

40      Constipation 

15  min. 

100 

7.1 

1.9 

11.  W.  B. 

43      Dyspepsia 

15  min. 

100 

5.4        7.9 

2.5 

12.  HOM 

Arteriosclerosis 
50      Chronic  interstitial 
nephritis 

20  min. 

120 

5.3       8.2             2.9 

The  normal  values  for  albumin,  globulin  and  nonprotein  as  determined  by  Robertson's  method  were 
recently  published   by   Tranter  and   Rowe.^^ 


through  the  capillary  walls  into  the  surrounding  tissues  and  finally  into  the 
lymph  spaces  which  consequently  increases  the  concentration  of  the  serum  in 
the  veins  and  also  the  amount  of  lymph  in  the  lymphatics,  both  of  which  eff- 
fects  were  shown  by  Schultz  and  ^^'agner  to  occur  with  stasis.  Water  and  salt 
pass  in  and  out  of  the  blood  through  the  capillary  walls  with  the  greatest  ease. 
Protein  has  this  same  power  to  a  much  less  extent,  which  is  well  demonstrated 
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in  a  research  by  Morawitz^*  in  which  he  showed  that  after  large  bleedings  in 
animals  the  refractive  index  rose  towards  the  normal  value  within  a  few  hours, 
showing  that  large  amounts  of  protein  must  have  gone  through  the  capillary 
walls  into  the  blood  stream.  The  same  thing  is  shown  by  the  older  work  of 
Magnus^^  who  proved  that  the  protein  content  of  the  blood  underwent  definite 
changes  when  large  amounts  of  physiological  salt  solution  were  injected  intra- 
venously. 

This  increase  in  the  refractive  index  resulting  from  stasis   is,  in  a   small 


GLOBULIN 

1 

TOTAL   PROTEIN 

NONPROTEINS 

NO 
STASIS 

WITH 
STASIS 

INCREASE  DUE 
TO   STASIS 

NO      [with 
STASIS  STASIS 
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NO 

STASIS 
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2. 
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7.70 
7.2 
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1.3 

1.3 

1.9 

2. 

.1 

7.6 

.4 

1.3 

1.3 

2.7 

2.8 

.1 

7.1 

7.4 

.3 

1.1 

1.1 

2.3 

28 

.5 

6.15 

7. 

.85 

1.4 

1.4 

3.1 

3.6 

.5 

7.9 

9.7 

1.8 

1.1 

1.1 

2.3 

2.6 

.3 

1 

i    7.3 

8.8 

1.5 

1.2 

1  2 

2.5 

2.9 
3.1 
3.24 
2.6 
2  7 

.4 

7.1 

8.7 

1.6 

1.3 

1.3 

2.4 

.7 

7.4 

10.7 

3.3 

1.2 

1.2 

2. 

1.24 

7.7 

10.89 
9.7 

3.19 

1.3 

1.3 

2. 

.6 

1 
7.2 

2.5 

1. 

1.1 

2.1 

.6 

7.5 

10.6 

3.1 

4.3 

1.4 

1.4 

1,9 

3.3 

1.4 

7.2 

11.5 

1.3 

1.3 

but  definite  measure,  due  to  the  increased  CO2  contained  in  tlic  lilood.  Koranyi 
and  P>ence'*'  have  found  tliat  the  refractive  index  of  serum  is  increased  when 
COo  is  passed  througli  the  whole  blood.  The  cause  of  this  increase  was  shown 
by  Hamburger  ''  to  be  due  to  the  passage  of  water  and  chlorides  from  the  scrum 
into  the  erythrocytes  along  with  the  passage  of  certain  organic  substances  from 
ihc  red  cells  into  the  serum.  Schwenker  and  P>ohm  found  that  in  mild  stasis 
the  CO2  increases  the  refractive  index  to  an  extent  eipial  to  .1   per  cent  i)rolcin 
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while  in  very  severe  artificially  produced  stasis  the  CO.^  may  cause  an  increase 
equal  to  from  .2  to  .42  per  cent  protein.  No  definite  dififerences  could  be  made 
out  by  these  authors  between  normal  venous  and  capillary  blood,  showing  that 
the  amount  of  COo  that  physiological  venous  blood  contains  does  not  mfluence 
the  refractive  index. 

The  question  arises  whether  the  stasis  occurring  in  diseased  conditions  would 
make  the  refractive  estimation  of  total  proteins  useless.  When  the  venous  pres- 
sure is  higher  than  normal  throughout  the  whole  circulation,  as  Movitz  and 
Tabora^*  as  well  as  other  investigators  have  shown  is  the  case  in  heart  insuffi- 
ciency with  general  edema,  the  refractive  index  of  venous  and  arterial  blood 
would  differ  verv  little.  But  when  marked  edema  for  example  is  present  in 
the  arm,  from  a  vein  in  which  blood  is  taken,  it  is  entirely  possible  that  the 
index  will  be  higher,  though  only  to  a  slight  degree,  than  that  of  the  unob- 
structed arterial  blood.  That  this  is  probable  was  shown  by  Achard  and  De- 
manche^°  who  found  that  the  venous  blood  taken  from  an  edematous  extremity 
has  a  higher  refractivity  than  blood  taken  from  the  same  extremity  after  the 
edema  has  been  pressed  out,  which  procedure  does  away  with  the  stasis  caused 
by  the  extreme  edema.  This  effect  of  stasis  is  not  transmitted  to  the  capillary 
blood  except  in  rare  cases  since  Bohme  showed  that  serum  from  capillary  blood 
taken  from  an  arm  under  stasis  yields  the  same  refractive  index  as  does  the 
serum  from  the  arterial  blood  of  the  same  patient.  Thus  in  order  to  ascertain 
if  edema  in  the  arm,  from  a  vein  in  which  blood  is  taken,  is  causing  stasis  which 
yields  a  comparatively  large  error,  it  is  only  necessary  to  see  if  the  refractivity 
of  the  venous  serum  compares  with  that  of  the  capillary  serum. 

The  object  of  the  experimental  part  of  this  paper  has  been  to  show  how 
this  increase  in  protein  which  occurs  with  stasis  distributes  itself  in  the  al- 
bumin and  globulin  fractions  and  to  watch  the  eft'ect  of  this  stasis  on  the  non- 
protein elements.  T.  B.  Robertson's-"  microrefractometric  method  has  been  used 
in  all  these  determinations.  All  measurements  have  been  made  by  the  auto- 
matic pipette  recently  described  by  the  author.-^ 

To  produce  the  desired  stasis  in  the  veins  of  the  forearm,  the  arm  band 
of  a  blood  pressure  machine  was  placed  around  the  arm  and  the  pressure  was 
sustained  at  a  constant  level  between  the  systolic  and  diastolic  pressures.  While 
the  stasis  was  still  active,  about  10  c.c.  of  blood  were  drawn  into  a  dry  Luer 
syringe,  which  amount  yields  ample  serum  for  proper  controls.  An  equal  amount 
was  then  taken  from  the  other  arm  without  causing  any  stasis.  These  speci- 
mens of  blood  were  then  allowed  to  clot  completely  and  the  serum  was  separated 
by  centrifugalization.  Since  hemolysis  increases  the  refractive  index,  no  hemo- 
lyzed  sera  were  used.  The  technic  of  Robertson  was  follow-ed  exactly  except 
that  .5  c.c.  of  serum  instead  of  1  c.c.  was  used  in  the  protein  precipitation  with 
heat  and  acetic  acid.  Normal  and  pathological  cases  were  used  in  order  to 
determine  if  any  difference  in  the  partition  of  the  increased  protein  between  the 
albumin  and  globulin  fractions  occurred  in  either  health  or  disease.  The  pa- 
tients were  all  taken  from  the  Out-Patient  Department  of  the  Massachusetts 
General  Hospital.  Since  exercise  increases  the  refractive  index,  all  patients 
were  allowed  to  rest  quietly  from  ^^  to  1  hour  before  blood  was  taken. 
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From   the  experimental   data  given   in   the   accompanying  table   it   appears : 

1.  That  with  a  constant  degree  of  venous  stasis  between  the  diastolic  and 
systolic  pressures,  the  total  proteins  increase  with  the  duration  of  the  stasis. 

2.  \\  hen  blood  was  taken  from  a  vein,  one  minute  after  an  ordinary  tourni- 
quet was  applied  to  produce  stasis,  there  was  only  .17  per  cent  increase  in  the 
total  protein  and  therefore  too  small  an  amount  to  split  into  albumin  and  globulin. 

3.  In  all  of  the  remaining  experiments  except  the  fourth  one,  the  increase 
in  albumin  was  greater  than  was  the  increase  of  globulin.  Part  of  this  dif- 
ference is  probably  due  to  the  excess  of  albumin  over  globulin  than  exists  in 
the  normal  sera  of  the  cases  in  this  series. 

4.  The  nonprotein  elements  underwent  nn  change  due  to  the  stasis. 

5.  In  the  fourth  case  the  globulin  increase  was  greater  than  the  albumin 
possibly  due  to  the  fact  that  the  amount  of  globulin  in  the  normal  specimen  was 
greater  in  relation  to  the  albumin  than  in  any  other  case  of  this  series. 

From  this  and  other  experiences  with  Robertson's  method,  it  appears  that 
certain  precautions  must  be  taken  in  order  to  get  correct  results. 

1.  In  obtaining  blood  from  a  vein,  it  is  important  to  draw  it  off  within 
one-half  minute  and  always  within  one  minute  after  the  application  of  the  tourni- 
quet. ' 

2.  The  syringe  must  be  dry  so  as  not  to  dilute  the  serum  obtained. 

3.  The  sera  which  are  hemolyzed  cannot  be  used  since  the  refractive  index 
is  increased  by  hemolysis. 

4.  The  patient  must  be  at  rest,  preferably  reclining,  for  one-half  hour  be- 
fore blood  is  taken. 

Work  is  now  in  progress  on  the  effect  of  hemolysis,  diet,  and  exercise, 
as  well  as  disease  on  the  relation  of  albumin  to  globulin  in  the  blood  serum. 
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THE  PROTEIN  POISON  OF  VAUGHAN* 


By  R.  W.  Pryer,  M.S.,  Detroit,  Mich. 


MEDICAL  literature  is  filled  at  the  present  time  with  articles  on  anaphylaxis 
or  protein  sensitization,  and  the  theories  concerning  this  phenomenon  are 
almost  as  numerous  as  the  workers  in  this  branch  of  modern  medicine.  It  is  not 
my  intention  to  advance  any  theory  concerning  this,  and  T  do  not  think  it  neces- 
sary to  mention  any  of  them  at  this  time,  except  that  of  Vaughan,*-  ^^  which 
is  as  follows : 

Sensitization  consists  in  developing  in  the  animal  a  specific  protelytic  fer- 
ment, which  acts  upon  the  protein  bringing  it  into  existence,  and  no  other. 
That  is,  if  you  inject  a  protein  parenterally  into  an  animal;  such  as  the  guinea- 
pig,  the  cells  of  this  animal  immediately  set  to  work  to  get  this  protein  out  of 
the  way.  They  accomplish  this  by  digesting  it  by  means  of  a  ferment.  This 
ferment  in  digesting  the  protein  liberates  a  poison,  which,  however,  is  set  free 
so  slowly  that  the  animal  is  not  much  afifected.  This  ferment  is  produced  rather 
slowly  at  first,  but  after  a  time  the  protein  is  all  digested,  and  an  excess  of  the 
ferment  is  stored  in  the  body  cells  as  zymogen.  After  this  has  taken  place,  a 
second  injection  of  the  same  protein,  and  no  other,  will  cause  a  liberation  of 
this  specific  ferment  and  digestion  of  the  protein  with  an  immediate  production 
of  large  quantities  of  poison  sufficient,  if  dosage  and  time  intervening  between 
are  properly  regulated,  to  cause  the  death  of  the  animal.  This  poison  can  also 
be  prepared  by  chemical  means,  and  it  is  with  the  properties  and  attempts  at 
purification  that  this  paper  deals. 

Chemical  Productiox  of  Proteix^   Poison. 

The  production  of  protein  poison  by  chemical  means  was  first  reported  by 
Vaughan^  and  Wheeler'-'  in  1905 ;  and  their  method  with  few  minor  variations 
has  been  followed  in  the  preparation  of  the  poisons  with  which  I  have  worked. 

A  weighed  amount  of  protein  is  placed  in  a  flask,  and  shaken  with  twenty 
volumes  of  absolute  alcohol  containing  2  per  cent  of  sodium  hydroxide,  in  order 
to  thoroughly  mix  the  protein  with  the  solution  and  avoid  caking  when  the  sus- 
pension is  heated.  This  mixture  is  then  heated  in  a  water  bath,  with  constant 
stirring,  under  reflex  condenser  at  the  boiling  point  of  alcohol  for  one  hour  after 
the  alcohol  begins  to  boil ;  temperature  of  water  in  the  bath  being  86°  to  92°  C. 
The  mixture  is  allowed  to  cool  and  is  then  filtered,  keeping  as  much  of  the  resi- 
due in  the  flask  as  possible.  After  the  extract  has  been  filtered  off,  the  small 
amount  of  residue  on  the  paper  is  returned  to  the  flask,  and  the  combined  residues 
extracted  with  twenty  volumes  of  absolute  alcohol  as  before.  In  all,  three  ex- 
tractions are  made.  This  divides  the  protein  into  two  portions,  one  soluble  in 
the  alkaline  alcohol  and  very  poisonous,  but  apparently  nonspecific ;  the  other 
insoluble  in  alcohol  and  specific.     These  extracts  are  combined,  filtered  if  neces- 

*A  dissertation  submitted  in  jiartial  fullillment  of  the  requirements  for  the  degree  of  Doctor  of 
Public  Health  in  the  University  of  Michigan. 

(The  writer  desires  to  rxuress  his  thanks  to  Dr.  Wm.  K.  Upjohn,  of  Kalamazoo,  Mich.,  for  the 
grant  of  a   fellowship   for   the   year   1914-15.) 
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sary.  and  tlien  made  slightly  acid  with  hydn^diloric  acid.  This  precipitates  prac- 
tically all  the  sodium  as  sodium  chloride,  which  is  filtered  off.  The  filtrate 
is  evaporated  to  dryness,  preferably  in  a  partial  vacuum.  The  resulting 
residue  is  a  brownish  powder,  very  hydroscopic  and  readily  soluble  in  alco- 
hol and  water,  and  is  the  protein  poison.  \\  hen  prepared  in  this  way,  the 
poison  is  known  as  the  crude  poison,  and  can  be  purified  partially  by  dissolving 
again  in  absolute  alcohol  and  filtering;  this  removes  considerable  quantities  of 
sodium  chloride.  The  filtrate  from  the  salt  is  again  evaporated  to  dryness  in 
partial  vacuum  and  is  usually  somewhat  more  toxic  than  at  first.  This  is  the 
ordinary  routine  method  of  preparing  the  protein  poison,  and  is  the  one  used 
in  preparing  most  of  the  poisons  that  I  have  studied. 

Action  on  Animals. 

No  definite  chemical  test  having  been  found  for  the  identification  of  this 
poison,  all  tests  for  its  presence  and  amounts  are  necessarily  physiological.  Sim- 
ilarly as  in  experimental  work  in  anaphylaxis,  the  guinea-pig  reacts  promptly  and 
is  the  best  of  the  common  laboratory  animals  for  this  work.  Vaughan  in  his 
text-book  on  "Protein  Split  Products,"  pp.  125-6,  sums  up  the  action  of  the 
poison  on  guinea-pigs  so  thoroughly  that  I  can  do  no  better  than  to  repeat  his 
observations  here.  "When  doses  of  this  powder  are  given  intraperitoneally  in 
amounts  varying  from  8  to  60  milligrams,  according  as  to  whether  we  have  been 
<:areful  to  remove  most  of  the  common  salt  or  not,  a  fatal  result  follows  in  guinea- 
pigs  in  from  thirty  to  sixty  minutes.  Within  fifteen  minutes  after  injection  the 
temperature  begins  to  fall,  and  sometimes  within  half  an  hour  has  reached  94°  P\, 
or  even  lower.  At  first,  after  an  interval  of  from  five  to  ten  minutes  immediately 
following  the  injection,  the  animal  appears  restless,  runs  about  the  cage,  and 
shows  a  great  tendency  to  scratch  itself,  this  undoubtedly  being  due  to  itching 
sensations  in  the  skin,  caused  by  irritation  of  the  peripheral  nerves.  The  animal 
then  begins  to  show  evidence  of  lack  of  coordination,  which  is  rapidly  followed 
by  partial  paralysis,  which  is  especially  marked  in  the  hind  extremities.  This 
stage  lasts  for  from  five  to  ten  minutes,  during  the  latter  part  of  which  the  ani- 
mal usually  lies  quietly  on  one  side.  From  this  stage  the  animal  passes  into 
Avhat  one  might  term  the  convulsive  stage.  These  convulsions  are  usually 
clonic  in  nature,  and,  as  a  rule,  at  first  involve  only  the  neck  muscles,  the  head 
being  momentarilv  drawn  backward  on  the  back.  At  first  these  convulsions  are 
but  slight  in  degree,  and  are  separated  by  considerable  intervals  of  time.  Soon, 
however,  they  become  much  more  frequent  and  of  much  greater  severity.  Grad- 
ually they  become  more  and  more  general  in  their  extent,  until  all  the  muscles 
in  the  body  become  involved  in  violent  clonic  convulsions.  This  stage  when 
present  presages  a  fatal  outcome ;  rarely  an  animal  recovers  after  reaching  the 
convulsive  stage.  During  a  convulsion  or  occasionally  in  the  interval  of  calm, 
respiration  ceases.  The  heart,  however,  continues  to  Ijeat,  at  first  with  perfect 
regularity  and  no  acceleration ;  indeed,  the  rate  seems  to  be  somewhat  slower 
than  normal.  Gradually  the  beat  becomes  more  and  more  feeble,  the  rate  and 
regularity  being  preserved  to  the  end.  It  is  usually  only  after  an  interval  of 
from  three  to   four   minutes   after   the   cessation   of    respiration   that    the    heart 
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ceases  to  beat.  As  has  been  previously  stated,  a  fatal  issue,  if  it  occurs  at  all, 
always  results  within  one  hour  after  injection,  and  usually  within  thirty  to 
forty  minutes.  This  is  to  a  large  extent  independent  of  whether  the  dose  is  the 
minimum  lethal  dose  or  two  or  three  times  that  amount.  It  is  certainly  entirely 
independent  of  the  size  of  the  pig. 

"At  autopsy  no  special  gross  lesions  can  be  made  out.  The  peritoneum  is 
smooth  and  shiny  throughout,  and  there  is  not  the  slightest  evidence  of  either 
hemorrhage  or  even  marked  congestion  in  the  omentum  or  mesenter}\" 

The  poison  is  acid  in  reaction  (from  3  to  6  per  cent  acid  calculated  as  hydro- 
chloric acid),  but  this  is  only  partly  due  to  hydrochloric,  since  an  aqueous  solu- 
tion of  poison  shaken  on  a  machine  with  silver  carbonate  showed  but  a  slight 
decrease  in  acidity  after  filtering,  and  no  decrease  in  its  toxicity.  Fifty  cubic 
centimeters  of  a  water  solution  of  which  one  cubic  centimeter  equaled  50  milli- 
grams or  a  minimum  lethal  dose  of  the  poison  when  given  intraperitoneally  to 
a  guinea-pig,  and  with  an  acidity  of  5.1  per  cent  calculated  as  hydrochloric  acid 
was  shaken  for  three  hours  with,  three  grams  of  finely  powdered  silver  carbon- 
ate. After  filtering,  the  filtrate  still  killed  in  one  cubic  centimeter  doses  and 
showed  an  acidity  of  4.7  per  cent. 

AcTiox  OF  Immiscible  Solvents. 

Ether  removes  a  slight  amount  of  waxy  resinous  material  from  acid  solu- 
tion of  the  poison  or  from  solutions  made  slightly  alkaline  w^ith  either  the  fixed 
alkalies  or  ammonia.  The  material  removed  is  practically  nontoxic  in  either 
case.  Chloroform,  petroleum  ether  or  benzine  also  remove  small  amounts  of 
nontoxic  material,  as  will  amyl  alcohol.  An  excess  of  acetone  added  to  aqueous 
solutions  of  the  poison  precipitates  a  slight  amount  of  nontoxic  material.  From 
the  dr\'  powdered  poison  contained  in  the  thimble  of  a  Soxhlet  extraction  ap- 
paratus, chloroform  removes  slowly,  part  of  the  poison,  but  the  amount  of  this 
extract,  after  evaporation  of  the  chloroform,  necessarj'  to  kill  is  as  much  or 
more  than  the  original  poison. 

Heavy  Metals. 

Many  of  the  salts  of  the  heavy  metals  give  abundant  precipitates  with  the 
protein  poison.  Some  of  the  better  ones  for  this  purpose  are  the  chlorides  of 
mercury,  copper,  and  platinum.  Mercuric  chloride  precipitates  only  a  small 
part  of  the  poison  from  aqueous  solutions.  From  solutions  of  the  poison  in  ab- 
solute alcohol,  mercuric  chloride  in  absolute  alcohol  precipitates  the  greater  part 
of  the  poison  as  an  amorphous  flocculent  precipitate.  On  removal  of  the  mer- 
cury from  this  precipitate  by  means  of  hydrogen  sulphide,  the  residue  after  filter- 
ing and  evaporation  of  filtrate  in  partial  vacuum  is  much  more  toxic  than  before. 
If  this  residue  is  again  dissolved  in  absolute  alcohol  and  reprecipitated  by  mer- 
cury as  before,  the  precipitate  suspended  in  alcohol  and  mercur}'  removed  by 
hydrogen  sulphide  and  filtrate  evaporated  as  before,  usually  gives  a  still  more 
toxic  residue.  I  have  been  able  in  this  way  to  obtain  poison  that  would  kill 
guinea-pigs  in  doses  of  .0005  grams,  Avhen  given  either  intravenously  or  intra- 
cardiacly.     But  this  is  as  far  as  I  have  been  able  to  carry  the  purification  by 
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this  means.  Usually  when  I  get  about  this  far,  the  toxicity  begins  to  decrease, 
and  continual  reprecipitation  by  means  of  alcoholic  mercuric  chloride  will  not 
carry  the  purification  any  farther.  All  attempts  to  crystallize  this  mercuric  pre- 
cipitate have  failed,  and  so,  while  I  concede  that  this  is  one  of  the  most  efficient 
means  of  purification  of  which  I  know,  it  is  a  failure  as  a  means  of  complete 
purification. 

Copper  chloride  in  an  aqueous  solution  of  poison  gives  no  precipitate ;  hov\-- 
ever,  in  solution  in  absolute  alcohol  it  will,  providing  the  solution  is  not  too  con- 
centrated. This  precipitate,  after  removal  of  copper  by  hydrogen  sulphide,  is 
found  to  be  very  toxic,  and  I  have  been  able  to  obtain  in  this  way  poisons  that 
kill  guinea-pigs  in  .0005  gram  doses  when  injected  intravenously.  However, 
this  precipitate,  either  before  or  after  removal  of  the  copper,  is  amorphous  and 
cannot  be  ciystallized.  It  was  found  impossible  to  determine  the  chemical  com- 
position of  the  poison  in  this  way. 

Platinic  chloride  precipitates  part  of  the  poison  from  either  aqueous  or  al- 
coholic solution,  but  in  either  case  before  or  after  the  removal  of  the  platinum, 
the  poison  cannot  be  crystallized. 

Although  the  most  potent  poisons  have  been  obtained  by  precipitation  with 
the  heavy  metals  mentioned,  the  nature  of  the  poison  could  not  be  determined. 
The  precipitates  of  the  poison  with  mercury  and  platinum  in  alcoholic  solution 
are  insoluble  in  any  of  the  common  solvents.  The  copper  precipitate  is  nearly 
insoluble  in  alcohol,  is  absolutely  insoluble  in  the  other  common  solvents  ex- 
cept water,  which  dissolves  it  readily.  Attempts  were  made  to  purify  this  cop- 
per precipitate  by  dialysis,  but  were  unsuccessful,  as  were  all  other  attempts  to 
crystallize  it. 

Dialysis  of  the  free  poison  in  aqueous  solution  shows  that  the  poison  dif- 
fuses slowly  through  collodium  membranes.  However,  the  time  required  for 
dialysis  is  so  long  that  the  poison  obtained  in  this  way  is  no  purer  than  the 
original,  so  this  cannot  be  used  as  a  means  of  successful  purification. 

/3-Im  idazoi,-Eth  VL  AM  IXE. 

Dale  and  L,aidlaw^"  in  their  work  on  the  physiological  action  of  the  com- 
pound obtained  from  histidine  by  removal  of  carbon  dioxide  and  known  as  /3- 
imidazol-ethylamine  (this  compound  will  be  referred  to  as  /?-!.)  notetl  the  sim- 
ilarity of  the  action  of  this  compound  to  anaphylactic  shock,  which  is  similar 
to  if  not  identical  with  the  action  of  the  protein  poison. 

There  are  indeed  many  points  of  similarity  between  the  action  of  /3-I.  and 
the  protein  poison.  For  example,  both  cause  contraction  of  liie  bronchioles,  and 
death  results  from  asphyxia.  Both  lower  blood  pressure  in  dogs.^^-  ^-  The  fatal 
dose  of  (3-1.  for  the  guinea-pig  when  injected  intravenously  is  .0005  gram,  which 
is  the  same  as  required  of  our  purest  poison.  Another  striking  point  of  similarity 
is  the  fact  that  a  nonlethal  dose  of  either  will  protect  an  animal  against  a  lethal 
dose  of  the  same  given  sh(irll\  afterwards.  However,  points  of  difference  are 
practically  as  numerous  as  j)()ints  of  similarity.  Protein  poison  is  slowly  de- 
stroyed by  heat,  particularly  if  any  alkali  or  mineral  acid  is  present,  while  /3-1. 
is  not.     Indeed,  one  of  the  liiial  steps  in  its  preparation  consists  in  heating  with 
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concentrated  hydrochloric  acid.^^'  -"  Protein  poison  can  be  removed  from  aque- 
ous solution  by  simple  salting-out  processes,  as  I  shall  show  later.  In  order  to 
fullv  satisfy  myself  on  this  point,  I  have  many  times  tried  to  separate  the  com- 
pound /3-I..  histamine,  or  crgamine,  as  it  is  sometimes  called,  and  have  always 
failed  to  do  so. 

The  method  used  was  that  of  Kossel  and  Kutscher.--*-  ^^  and  is  the  same  as 
Barger  and  Dale^^  used  in  the  separation  of  /?-I.  from  the  intestinal  mucosa,  and 
Ackerman,"'  in  its  separation  from  bacterial  cultures.  I  shall  describe  later  a 
slight  modification  of  the  method  of  preparing  protein  poison,  whereby  I  have 
been  enabled  to  obtain  sufficient  poison  from  ten  grams  of  casein  to  kill  8,C00 
guinea-pigs  when  given  intravenously.  Calculating  the  fatal  dose  of  13-1.  intra- 
venously as  .0005  gms.,  this  would  mean,  if  /?-I.  were  the  active  principle  of 
protein  poison,  that  casein  contains  over  40  per  cent  of  histidine.  It  seems 
that  this  at  once  precludes  any  possibility  of  /3-I.  being  the  protein  poison,  since 
casein  contains  less  than  3  per  cent  of  this  amino  acid.^* 

The  possibility  of  the  poison  being  a  choline  derivative  has  been  considered. 
since  atropin  protects  against  either,  but  I  have  been  unable  to  find  any  trace  of 
neurine  or  similar  compounds  by  any  of  the  methods  ordinarily  used,  and  heat- 
ing with  bar)'ta  water  soon  destroys  the  protein  poison,  whereas  it  is  one  of  the 
steps  in  the  isolation  of  the  choline  derivatives. -- 

Amino  Acids  and  Their  Products. 

The  end-products  of  protein  hydrolysis  are  the  amino  acids,  and  the  ex- 
traction of  proteins  by  means  of  2  per  cent  sodium  hydroxide  in  absolute  alco- 
hol is  one  method  of  hydrolysis.  A  study  of  the  amino  acids  obtained  from  pro- 
tein poison  was  reported  by  \\'heeler  in  1909,-'^  but  did  not  throw  much  if  any 
light  on  the  chemical  constitution  of  the  poison.  With  the  idea  in  mind  that 
perhaps  some  of  the  amino  acids  either  before  or  after  treatment  with  the 
alkaline  alcohol  might  be  poisonous,  the  following  experiments  were  carried  out : 

One  hundred  milligrams  of  leucin  were  dissolved  in  water  and  injected  intraper- 
itoneally  into  a  guinea-pig.  The  animal  was  unaffected.  One  hundred  milligrams  of 
leucin  were  heated  on  a  water  bath  with  300  c.c.  of  alkaline  alcohol  for  three  hours, 
filtered,  and  the  filtrate  made  acid  with  hydrochloric  acid.  The  sodium  chloride  was  fil- 
tered off,  and  the  filtrate  was  evaporated  to  dryness,  leaving  75  mgs.  of  residue.  This 
residue  was  dissolved  iu  water  and  injected  intraperitoneally  into  a  guinea-pig  with  no 
noticeable  reaction.  Glycocoll,  alanin.  histidine,  tyrosin,  phenylalanin,  glutaminic  acid,  aspar- 
tic  acid  and  tryptophane  were  tested  in  the  same  way  and  gave  negative  results.  Many 
different  mixtures  of  amino  acids  were  tried,  and  also  the  products  of  these  mixtures 
after  treatment  wdth  alkaline  alcohol,  and  in  no  case  was  any  appreciable  quantity  of 
poison  formed. 

As  an  example  of  some  of  the  mixtures  that  were  tested  in  this  way,  the 

following  experiment  is   recorded : 

Fifty  milhgrams  of  each  of  the  following  were  mixed  intimately  in  a  mortar:  alanin, 
phenylanin,  leucin,  glycocoll,  tryptophane,  glutaminic  acid,  histidine,  tyrosin.  uric  acid,  and 
glucose.  This  mixture  was  then  extracted  in  the  usual  way  with  three  successive  por- 
tions of  250  c.c.  of  absolute  alcohol  containing  2  per  cent  of  sodium  hydroxide.  The  ex- 
tracts were  combined,  filtered,  made  slightly  acid  with  hydrochloric  acid  and  filtered. 
The  filtrate  was  evaporated  to  dryness  and  the  weight  of  residue  found  to  be  370  mgs. 
One-half  of  this  was  dissolved  in  water  and  injected  intraperitoneally  into  a  guinea-pig. 
producing  no   reaction. 


The  Protein  Poisoyi  of  Vaughan  495 

Action  of  Various  Gases. 

Carbon  dioxide,  oxygen,  hydrogen  or  air  do  not  appreciably  aitect  the  tox- 
icity of  the  protein  poison  when  passed  through  aqueous  solutions,  but  hydrogen 
sulphide  slowly  lessens  the  toxicity. 

Ozone  gas  prepared  electrolytically  from  air  and  passed  through  aqueous 
solutions  of  poison  at  such  a  rate  that  each  cubic  meter  of  air  contains  0.2  gtns. 
of  ozone  slowly  weaken  the  poison.  It  was  found  to  be  rather  a  difficult  mat- 
ter to  treat  solutions  of  the  poison  in  this  way,  on  account  of  the  very  energetic 
frothing  that  occurred.  It  was  only  by  using  a  large  number  of  bulbs,  one  above 
the  other,  somewhat  on  the  plan  of  a  reflux  condenser  about  five  feet  high,  and 
aspirating  the  ozonized  air  through  by  means  of  a  water  pump,  that  these  solu- 
tions could  be  ozonized  at  all,  and  several  days  were  required  to  complete  the 
operation.  It  was  found  that  it  was  possible  to  so  ozonize  solutions  of  the  poison 
that  they  would  still  be  poisonous,  although  the  toxicity  was  decreased,  and 
they  wotild  no  longer  give  the  ^lillion  reaction.  The  bitiret  test  still  persisted, 
however,  and  the  question  of  whether  or  not  the  poison  was  a  protein  could  not 
be  settled  in  this  way.  The  limits  between  the  destruction  of  the  ability  to  give 
the  Million  test  and  the  complete  destruction  of  the  toxicity  were  very  narrow. 
During  the  first  two  years  of  this  work  on  protein  poison,  Witte's  peptone  was 
the  protein  usually  worked  with,  and  an  attempt  was  made  to  ozonize  this  pro- 
tein before  extraction  with  the  alkaline  alcohol.  For  this  purpose  100  gms.  of 
Witte's  peptone  were  dissolved  in  a  liter  of  water  and  ozonized  for  a  period  ex- 
tending over  nearly  four  months.  It  should  be  stated,  however,  that  the  ma- 
chine used  to  generate  the  ozone  was  continually  getting  out  of  order  and  re- 
quired careful  attention  and  frequent  repair.  The  actual  number  of  hours  that 
the  ozone  was  aspirated  through  this  solution  was  239.  At  the  end  of  that  time 
the  solution  was  washed  out  of  the  apparatus,  evaporated  to  dryness  on  the  water 
bath  and  powdered ;  yield,  80  grams.  This  powder  still  gave  a  beautiful  biuret 
test,  but  the  Million  was  very  faint,  if  given  at  all.  It  was  soon  found  that  this 
ozonized  protein,  which  was  very  dark  in  color  and  possessed  a  very  disagree- 
able odor,  would  no  longer  produce  a  protein  poison  when  split  up  in  the  usual 
way. 

Yield  ov  Poison. 

The  amount  of  poison  obtained  from  difi'crcnt  proteins  varies  considerably. 
The  germ  substances  of  Vaughan,  such  as  lubcrcle,  typhoid,  colon,  and  others, 
yield  only  about  30  to  40  ]km-  cent  of  poison  by  weight.  With  casein  I  have 
been  able  to  obtain  90  per  cent,  and  with  peptone  from  50  to  75  per  cent.  Of 
all  the  steps  in  the  preparation  of  protein  poison,  the  most  important  is  that  of 
neutralization.  If  the  combined  extracts  are  neutralized  to  plicnolphthalein,  but 
little  poison  is  obtained,  and  (.noniious  amounts  are  re(iuired  to  produce  death. 
It  has  been  my  experience  that  if  the  alkaline  alcoholic  solution  is  made  one 
per  cent  (jr  more  acid  to  phenolphthalein  by  means  of  hydrochloric  acid,  and  the 
precipitated  salt  well  washed  with  absolute  alcohol,  the  l.irgest  yield  of  toxic 
substance  is  obtained.  Another  slight  modification  in  technic  that  I  have  intro- 
duced in  the  preparation  of  this  pnison  consists  in  not  evaporating  the  acid  al- 
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coholic  solution  to  complete  dryness  and  powdering  it,  but  in  evaporating  under 
reduced  pressure  till  the  alcohol  is  all  distilled  off,  and  then  taking  up  in  water. 
Then  of  course  if  one  desires  to  know  the  amount  by  weight,  evaporate  a  meas- 
ured portion  to  dryness  at  100°  C,  cool  in  a  desiccator  and  weigh.  This 
obviates  the  necessity  of  long  heating  of  the  poison  and  produces  a  much  more 
potent  poison.  In  this  way  I  have  been  able  to  prepare  sufficient  poison  from 
ten  grams  of  casein  to  kill  8,000  guinea-pigs  when  injected  intravenously.  There 
seem  to  be  slight  differences  between  the  poison  prepared  in  this  way  and  the 
one  prepared  in  the  usual  way.  The  most  striking  dift'erence  lies  in  the  ratio 
of  the  fatal  dose  for  the  rabbit  as  compared  to  that  for  the  guinea-pig.  With 
the  poison  as  ordinarily  prepared,  the  ratio  of  dose  for  these  two  animals  is 
practically  proportional  to  body  weight,  usually  about  eight  to  ten  times  as  much 
being  required  for  ordinary  rabbits  as  for  guinea-pigs,  when  injected  by  the 
same  route.  \\'ith  the  poison  prepared  in  this  way,  the  amount  necessary'  to 
kill  rabbits  intravenously  is  about  seven  hundred  times  as  much  as  for  guinea- 
pigs. 

Some  Serum  Reactions. 

Another  remarkable  thing  is  that  if,  after  a  rabbit  dies  following  an  intra- 
venous injection  of  the  poison  and  as  much  serum  as  possible  is  obtained,  this 
serum  is  nontoxic  fresh.  However,  after  one  hour  in  the  incubator  it  becomes 
toxic  for  the  guinea-pig;  one  cubic  centimeter  being  sufficient  to  kill  when  injected 
intravenously,  while  the  same  amount  is  nontoxic  if  injected  after  fifteen,  thirty, 
or  forty-five  minutes  in  the  incubator. 

On  the  other  hand,  if  a  nonfatal  dose  be  injected  into  a  rabbit  and  shortly 
after  the  rabbit  be  bled  and  the  serum  obtained,  this  serum  is  nontoxic  either 
before  or  after  incubation. 

Normal  rabbit's  serum  mixed  with  a  solution  of  poison  so  that  less  than 
a  fatal  dose  for  the  guinea-pig  when  given  intravenously  is  contained  in  each 
cubic  centimeter  when  placed  in  the  incubator  becomes  toxic  in  about  one  hour. 
One  cubic  centimeter  samples  taken  out  every  ten  minutes  and  injected  intra- 
venously into  guinea-pigs  are  nontoxic  after  ten,  twenty,  thirt}^  forty,  or  fifty 
minutes,  but  kill  promptly  after  one  hour. 

Normal  guinea-pig  serum  when  treated  in  the  same  way  becomes  toxic  after 
twenty  minutes  in  the  incubator,  and  the  toxicity  disappears  after  forty  minutes. 

Action  of  Alkalies  and  Acids. 

Barium  hydrate  added  to  aqueous  solutions  of  protein  poison  precipitates  it 
completely.  This  precipitate  is  with  difficulty  soluble  in  water  or  physiological 
salt  solution,  but  is  readily  soluble  in  alcohol  or  weakly  acidified  water.  It  is 
also  readily  soluble  in  barium  hydrate  solution  and  evidently  forms  a  barium 
salt,  since  this  new  compound  is  readily  soluble  in  water  but  insoluble  in  alcohol. 
The  toxicity  of  the  poison  is  weakened  by  contact  with  alkali  and  is  soon  de- 
stroyed by  heating  the  barium  compound. 

A  few  drops  of  either  acid  or  alkali  added  to  an  aqueous  solution  of  the 
poison  precipitate  it  as  a  gummy,  resinous  mass,  and  the  toxicity  decreases  rap- 
idly, particularly  if  heat  is  applied. 
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Sai,ting-out  Methods. 

One  of  the  best  methods  of  purification  that  I  have  been  able  to  discover 
consists  in  saturating  the  aqueous  solution  with  sodium  chloride.  This  precip- 
itate is  then  dissolved  in  absolute  alcohol  to  free  it  from  excess  of  salt,  filtered 
and  evaporated.  One  very  peculiar  thing  about  this  method  is  the  fact  that  not 
alone  is  the  poison  increased  in  toxicity, — that  is,  a  smaller  amount  is  required 
to  kill  than  before,  but  actually  a  greater  number  of  fatal  doses  is  obtained. 
For  example,  starting  with  200  fatal  doses  for  the  guinea-pig  when  given  intra- 
venously, I  have  been  able  by  precipitation  in  this  way  to  obtain  sufficient  poison 
to  kill  over  300  guinea-pigs  when  given  in  the  same  way.  This  cannot  be  car- 
ried further,  however,  and  reprecipitation  of  this  by  saturation  with  salt,  while 
it  never  decreases  the  toxicity,  fails  to  increase  it  as  the  first  precipitation  does. 
Just  Vv-hy  a  greater  number  of  fatal  doses  can  be  obtained  in  this  way.  I  am 
unable  to  say.  I  have  failed  to  show  that  the  filtrate  from  saturated  salt  solu- 
tion has  any  marked  protective  action  against  the  minimum  lethal  dose  of  the 
poison  injected  at  the  same  time  or  subsequently  to  the  poison  injection.  This 
filtrate  contains  slight  amounts  of  poison  and  consequently  if  injected  previously 
to  the  poison  gives  a  slight  protection  for  a  few  hours.  However,  the  poison 
always  shows  this  property.  Many  attempts  were  made  to  obtain  a  higher  de- 
gree of  purification  of  the  poison  by  using  var}^ing  concentrations  of  salt,  but 
were  unsuccessful. 

As  has  been  reported  before,-*'  magnesium  sulphate  and  ammonium  sul- 
phate will  also  precipitate  the  greater  part  of  the  poison.  Magnesium  sulphate 
is  not  as  efifective  as  sodium  chloride ;  and  because  of  the  solubility  of  am- 
monium sulphate  in  alcohol,  this  salt  is  not  a  good  one  to  use,  because  if  one 
attempts  to  remove  it  by  dialysis,  part  of  the  poison  is  lost. 

CoNCIvUSIONS. 

1.  All  proteins  contain  a  poisonous  group. 

2.  The  protein  poison  is  not  /i^-imidazol-ethylamine,  although  the  ph\sio- 
logical  actions  of  the  two  are  ver}^  similar. 

3.  The  protein  poison  is  not  a  choline  derivative. 

4.  Protein  poison  is  not  a  simple  chemical  compound,  but  is  a  protein 
change  product,  acid  in  reaction,  capable  of  forming  salts  and  reacting  much 
like  the  globulins  in  its  behavior  to  neutral  salts. 
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THE  TREATMENT  OE  SYPHILIS  OE  THE  CENTRAL  NERVOUS 

SYSTEM* 


By  Harry  G.  Pammext,  M.D..  Toledo,  Ohio. 


THE  series  of  cases  covered  by  this  paper  consists  of  11  cases  of  tabes  dor- 
salis ;  1  of  paresis ;  1  of  tabo-paresis  and  1  of  a  psychosis  of  syphilitic  origin 
thought  by  some  to  be  early  paresis. 

The  highest  number  of  injections  I  succeeded  in  giving  to  a  single  patient 
was  seven  and  the  least  was  two.     The  average  being  four. 

Eight  cases  of  tabes  and  the  early  paresis  were  treated  with  the  mercural- 
ized  serum  as  described  bv  Bvrnes.^  One  case  of  tabes  was  treated  with  serum 
alone  while  using  the  inunctions  of  mercury  and  one  with  the  neosalvarsanized 
serum.  The  paretic  was  treated  with  neosalvarson  directly  into  the  spinal  canal 
using  as  a  diluent  the  spinal  fluid  and  the  tabo-paretic  with  serum  alone  while 
using  the  inunctions. 

After  January  1,  1915.  I  had  to  use  the  mercuralized  serum  entirely  be- 
cause of  the  difficulty  of  obtaining  the  salvarsan  and  can  see  no  reason  why 
this  treatment  should  not  be  used  while  the  supply  of  the  latter  is  so  limited. 

"From  the  laboratory  department  of  the   Lucas   County   Hospital,   Service  of  Dr.    Louis   Miller. 
'Byrnes,   C.    M. :      Jour.   Amer.   Med.    Assn.,    1914,   Ixiii,   2182. 
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In  all  cases  a  Wassermann  test  was  done  on  the  remaining  blood  serum 
and  a  careful  anal_\'sis  of  the  spinal  fluid  after  each  injection.  In  this  way  all  clin- 
ical improvement  could  be  checked  up  with  the  changes  in  the  spinal  secretion. 

The  first  thing  that  I  noticed  in  using  the  mercuralized  serum  was  what 
I  called  a  severe  reaction.  The  patients  invariably  complained  of  severe  cramps 
in  the  legs,  headache  and  nausea  accompanied  by  a  temperature  of  about  101°. 
It  made  me  think  that  I  had  not  prepared  the  serum  properly  and  the  internes 
were  rather  inclined  to  think  that  I  was  not  warranted  in  continuing  the  treat- 
ments. However  I  did  continue  and  soon  discovered  that  in  most  cases  tlie 
severe  discomfort  could  be  eliminated  by  heroin  1/12  gr.  hypodermic  at  the 
time  of  the  injection  and  a  second  one  ten  hours  later  if  necessary.  I  also  used 
gr.  V  each  of  pyramidon  and  aspirin  every  three  hours  for  a  day  or  two.  This 
part  of  the  treatment  I  soon  learned  to  be  most  important  if  I  wished  the  pa- 
tient to  continue  the  treatments.  My  early  cases  refused  more  than  two  in- 
jections because  of  the  severe  suffering  so  I  was  most  happy  to  find  a  method 
for  their  relief. 

The  following  case  reports  give  the  clinical  and  laboratory  findings  to- 
gether with  a  few  facts  of  interest  from  the  history. 

Case  No.  i. — Mrs.  A.  Age  40.  Her  chief  complaint  consisted  of  shooting  pains  and 
and  numbness  in  the  legs  and  inability  to  walk  well.  She  received  two  injections  intra- 
durally  of  1/50  gr.  of  the  bichloride  and  as  the  shooting  pains  and  difficulty  in  walking 
improved  so  rapidly  she  left  the  hospital  refusing  further  treatment.  I  saw  this  patient 
four  months  later  when  she  stated  that  she  had  not  improved  any  further  and  as  she  was 
not  getting  worse  she  chose  not  to  take  more  treatments.  The  cell  count  on  her  spinal 
fluid  decreased  from  120  to  66  while  all  the  other  tests  remained  strongly  positive. 

Case  No.  2. — E.  F.  Age  27.  His  chief  complaint  consisted  of  severe  pain  in  the 
stomach  and  legs  and  inability  to  walk  well.  He  had  an  operation  for  gastric  ulcer  8 
months  previously  with  iio  relief.  This  patient  was  hard  to  handle  and  left  the  hospital 
after  two  treatments  with  no  clinical  improvement.  All  the  tests  on  the  spinal  fluid  re- 
maining strong]}'  positive. 

Case  No.  3. — Mrs.  C.  Age  42.  Her  chief  complaint  is  of  a  continuous  pain  in  her 
left  arm  and  shoulder  of  one  year's  duration.  This  could  not  be  accounted  for  except 
by  the  positive  sign  of  tabes  and  the  spinal  treatments  were  given  hoping  to  relieve  it. 
She  received  three  injections  of  1/50  gr.  of  bichloride  in  serum  intradurally  with  no 
change  except  that  the  cells  in  the  spinal  fluid  dropped  from  40  to  15.  The  reaction 
was  most  severe,  temperature  102^  and  what  was  most  distressing  an  uncontrollable  nausea 
and  vomiting  that  lasted  a  week  each  time.  Accordingly  she  refused  further  treatments 
and  left  the  liospital  about  April  1,  1915.  Tlie  neuritis  was  unimproved.  About  three 
months  later  she  returned  to  the  hospital  with  a  fracture  of  the  humeru-;  in  the  arm  op- 
posite to  the  one  with  the  neuritis.  Examination  at  this  time  showed  no  cliange  in  her 
condition. 

Case  No.  4. — G.  D.  Age  41.  His  chief  complaint  was  due  to  a  gummatous  ulcera- 
tion of  the  hard  palate  but  lie  was  given  three  intradural  injections  of  the  bichloride  be- 
cause he  had  all  the  signs  of  tabes  although  the  latter  was  not  giving  him  any  trouble. 
He  was  given  two  doses  of  neosalvarsan  and  mercurial  inunctions  also.  There  wore  no 
changes  in  the  tests  on  tlie  spinal  fluid  or  blood  and  ai  the  oml  of  two  months  as  the 
gumma  was  entirely  healed  the  patient  ran  away. 

Case  No.  5. — Mrs.  M.  F.  Ape  55.  The  cliicf  loinplainl  in  lier  case  was — pain  in 
the  legs  and  back.  iiR-oiitinence  of  urine  and  inal)ihty  to  walk.  She  was  given  four  in- 
jections on  general  principles  although  the  case  was  considered  Iiopeless.  The  fifth  treat- 
ment was  refused  because  tlie  pain  in  her  legs  was  made  worse  Init  she  volunteered  the 
information  that  tlie  numbness  was  nuuli  lietter.  The  spinal  fluid  was  unchanged  as  was 
also  her   condition    wlien    1    saw   her    four   mniiths   later. 
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Case  No.  6. — M.  \V.  Age  54.  His  chief  complaint  consisted  in  paroxysmal  pains 
over  the  heart  and  indefinite  pain  in  the  legs  and  hack.  He  received  five  injections  of 
the  bichloride.  The  cell  count  decreased  from  75  to  28  and  the  gold  chloride  reaction 
had  improved,  but  the  Wassermann  remained  strongly  positive.  Chnically  he  was  better 
but  refused  furtlier  treatments  because  of  the  severe  reaction. 

Case  No.  7. — Mrs.  A.  W.  Age  38.  She  had  been  trouljled  with  failing  eyesight 
and  inability  to  walk  well  for  two  years.  This  patient  received  six  injections  of  the  bi- 
chloride intradurally,  1.8  gm.  of  neosalvarsan  intravenously,  mercurial  inunctions  and  potas- 
sium iodide  for  a  period  of  four  months  at  the  hospital.  The  only  improvement  in  the 
spinal  fluid  was  a  decrease  in  the  cell  count  from  71  to  12.  The  Wassermann  on  the  blood 
and  spinal  fluid  remaining  strongly  positive.  The  clinical  improvement  was  quite  marked, 
both  the  eyesight  and  ataxia  being  much  better.  This  patient  was  seen  two  months  after 
the  last  treatment  was  given — her  condition  at  tliis  time  being  about  the  same  as  it  was 
when  she  left  the  hospital. 

Case  No.  8. — B.  E.  Age  46.  His  chief  complaint  is  as  follows:  pain  and  numb- 
ness in  the  legs,  incontinence  of  urine,  tight  feeling  about  the  chest,  cough  and  expectora- 
tion. He  received  six  intradural  injections  of  the  bichloride  and  although  he  had  a 
severe  reaction  each  time  he  continued  the  treatment  because  he  knew  he  was  getting 
better.  After  he  had  had  four  treatments  he  had  a  pul.monary  hemorrhage  from  his 
tuberculosis  and  was  allowed  to  go  without  a  treatment  for  two  months.  He  then  re- 
ceived the  last  two  treatments  a  month  apart.  The  analysis  of  the  spinal  fluid  and  blood 
at  the  last  treatment  showed  a  cell  count  of  10  with  all  the  other  tests  still  strongly 
positive.  This  patient  has  been  under  observation  for  about  eight  months  and  has  had 
the  routine  treatment  with  Ung.  hydrargATum.     Clinically  there  was  great  improvement. 

Case  No.  9. — P.  W.  Age  37.  His  trouble  consisted  of  great  weakness,  pain  and 
numbness  in  his  legs,  incontinence  and  failing  eyesight.  He  had  the  primary  lesion  but 
three  years  before.  After  seven  injections  of  the  bichloride  the  cell  count  dropped  from 
200  to  28,  the  Wassermann  became  negative  6  weeks  before  the  Noguchi  and  the  gold 
chloride  was  greatly  improved.  Clinically  the  patient  was  a  well  man  and  worked  about 
the  hospital  as  orderly  during  the  last  month. 

Case  N'o.  10. — L.  H.  Age  42.  This  man  was  diagnosed  as  a  syphilitic  pyschosis  or 
possibly  a  beginning  paresis  and  w^as  troubled  with  headache,  nervousness  and  an  unex- 
plainable  desire  to  run  his  automobile  into  things.  He  admits  having  had  a  chancre  20 
years  before.  His  pupils  are  unequal  but  react  to  light  and  accommodation,  knee  jerks 
are  lively,  superficial  lymph  glands  are  palpable,  the  blood  Wassermann  faintly  positive 
and  all  the  tests  on  the  spinal  fluid  are  strongly  positive  for  a  s\'philitic  infection.  The 
treatment  here  consisted  of  six  intradural  injections  of  the  bichloride  at  intervals  of  two 
weeks,  potassium  iodide  in  increasing  doses  and  daily  inunctions  of  mercurial  ointment. 
At  the  end  of  two  months  of  treatment  the  blood  Wassermann  was  negative  and  at  the 
end  of  the  series  of  injections  the  cell  count  had  dropped  from  40  to  14.  the  Wasser- 
mann had  become  negative,  the  gold  chloride  greatly  improved  and  the  globulin  test  but 
faintly  positive. 

Clinically  there  was  great  improvement  in  the  mental  condition  of  the  patient  who 
left  the  hospital  soon  after  the  last  treatment  and  has  not  been  heard  of  since. 

Case  N^o.  ii.- — Mrs.  B.  G.  Age  45.  Her  complaint  consisted  in  numbness  of  the  legs 
and  perineum.,  inability  to  walk  well  and  slight  incontinence  of  the  urine  and  feces  as 
well  as  cough  and  expectoration.  A  diagnostic  spinal  puncture  showed  a  fluid  under 
pressure  with  20  cell,  a  positive  globulin  and  Wassermann  and  a  change  in  the  gold 
chloride  in  the  tabes  region.  The  blood  Wassermann  was  negative.  The  sputum  con- 
tained many  tubercle  bacilli.  She  w-as  given  three  intradural  injections  of  neosalvarsan- 
ized  serum  and  the  spinal  fluid  became  normal  except  for  a  positive  Wassermann.  The 
treatment  was  discontinued  because  of  a  pulmonary  hemorrhage.  After  two  months  she 
was  given  the  fourth  and  final  treatment  at  which  time  I  was  surprised  to  find  that  the 
tests  on  the  spinal  fluid  were  all  stronger  than  ever. 

Clinically  there  was  great  improvement  in  her  tabes  and  she  refused  further  treat- 
ment. This  case  illustrates  that  the  Swift-Ellis  method  causes  the  spinal  fluid  to  approach 
normal  rapidly,  but  two  months  without  treatment  allowed  it  to  go  back  to  where  it  was 
when    I   began   the  injections. 

Case  No.   12. — J.   L.     Age  64.     The   diagnosis  here   was  paresis   and   emphysema   and 
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the  spinal  fluid  gave  strongly  positive  tests  for  syphilis  with  24  cells.  Three  injections 
of  3  mg.  of  neosalvars'an  in  patient's  spinal  fluid  were  given  two  weeks  apart  and  as  the 
patient  gradually  got  worse  the  treatment  was  discontinued.  At  the  time  of  the  third 
treatment  the  cells  had  increased  to  90  while  the  other  tests  on  the  fluid  were  still  strongly 
positive.  Two  months  after  the  last  treatment  the  spinal  fluid  was  again  examined.  Xo 
change  was  noted  except  that  the  cells  had  dropped  to  14. 

Clinically  there  was  no  improvement — in  fact  the  patient  seemed  to  be  worse  after 
each  treatment. 

Case  Xo.  13. — J.  X.  Age  47.  His  complaint  consisted  of  weakness  and  shooting 
pains  in  the  legs  and  as  his  blood  Wassermann  was  strongly  positive  he  was  put  on  daily 
inunctions  of  mercury.  After  10  days  of  this  treatment  he  received  12  c.c.  of  his  own 
serum  in  18  c.c.  salt  solution  intradurally.  A  second  injection  of  15  c.c.  of  serum  and  15 
c.c.  salt  solution  was  given  in  16  days.  A  third  and  last  injsction  was  given  in  18  days. 
At  the  end  of  this  time  the  cells  had  decreased  from  58  to  20,  the  gold  chloride  had  im- 
proved, the  globuhn  and  Wassermann  remaining  strongly  positive.  Clinically  the  pains 
had  all  left  and  the  patient  felt  so  well  that  he  refused  further  treatments.  He  worked 
about  the  hospital  for  two  months  as  orderly  without  a  relapse  and  then  left  to  be  married. 

Case  No.  14. — C.  S.  Age  49.  This  patient  had  attacks  of  paralysis,  an  Argjll- 
Robinson  pupil  and  exaggerated  deep  reflexes  and  was  diagnosed  paresis.  She  received 
four  injections  of  increasing  amounts  of  her  own  serum  intradurally  and  daily  inunctions 
of  mercurj-.  The  cells  fell  to  normal,  the  globulin  was  faintly  positive,  the  Wassermann 
became  negative  and  the  gold  chloride  remained  only  slightly  positive.  The  changes 
in  the  spinal  fluid  and  the  clinical  improvement  were  so  marked  that  I  have  always  felt 
a  little  doubtful  of  this  case. 

In  analyzing  the  cases  it  will  be  seen  that  those  treated  with  the  bichloride 
are  arranged  according  to  the  number  of  treatments  given.  The  greatest  clini- 
cal improvement  was  seen  in  those  receiving  four  injections  or  more. 

Cases  Xos.  1  and  2  receiving  two  treatments.  Xo.  1  showing  considerable 
and  Xo.  2  no  improvement  whatsoever.  Xeither  spinal  fluid  showed  improve- 
ment. 

Cases  X'os.  3  and  4  received  three  treatments.  X"o.  3  showing  no  change 
in  the  brachial  neuritis,  for  which  the  treatments  were  given,  while  Xo.  4  be- 
lieved himself  completely  cured  but  his  feeling  of  well  being  came  from  the 
healing  of  the  gumma.     The  spinal  fluid  was  practically  unchanged. 

Case  Xo.  5  received  four  treatments  with  no  prominent  clinical  improve- 
ment nor  important  changes  in  the  spinal  fluid. 

Case  Xo.  6  received  five  treatments  with  some  clinical  improvement  and 
a  slight  improvement  in  the  spinal  fluid. 

Cases  Nos.  7  and  8  received  six  injections.  Both  showed  a  great  clinical 
improvement  and  considerable  change  in  the  spinal  fluid. 

Cases  Xos.  9  and  10  showed  the  greatest  clinical  improvement  and  these 
were  the  only  two  that  I  succeeded  in  getting  a  negative  Wassermann  and 
Noguchi  on  the  spinal  fluid. 

Cases  Xos.  11  and  12  were  started  early  last  fall  before  the  article  by  TSyrncs 
was  published  and  were  continued  as  such   for  comparison. 

Cases  Nos.  13  and  14  received  three  and  four  injections  respectively  of 
their  own  serum  after  they  had  been  using  inunctions  for  about  10  days.  Both 
cases  showed  considerable  clinical  improvement  and  some  slight  changes  in  the 
spinal   Ihiid. 

It  had  occurred  to  me  that  this  latter  method  might  1)C  an  efficient  way  of 
getting  mercury   intn   the   subarachnoid   space  in   combination   with   ihe   specific 
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antibodies  but   .Swift-  recently  has  pointed  out  that  remarkable  changes  can  be 
produced  b\'  normal  serum  in  some  cases. 

Although  there  is  nothing  startling  in  the  results  of  this  series  there  was 
enough  clinical  improvement  to  encourage  m.e  to  continue  the  treatments  and 
to  conclude  that  patients  with  syphilis  of  the  central  nei  vous  system  should  be 
given  the  benefit  of  some  sort  of  intradural  therapy.  However  when  such  good 
results  can  be  produced  with  the  Swift-Ellis  method  as  reported  recently  by 
vSmith^  both  clinically  and  in  the  spinal  fluid  it  should  be  the  method  of  choice. 
So  long  as  the  expensive  salvarsan  and  neosalvarsan  cannot  be  obtained  then 
the  mercuralized  scrum  is  certainlv  indicated. 


HETEROPLASTIC  BONE  AND  BONE-MARROW  FORMATION  AS- 
SOCIATED WITH  TUBERCULOSIS  IN  THE  ADRENAL* 


Bv   P.vuL  G.   W'ooLLKv,   M.U.,   Cinci.vnati,   Ohio. 


nn  HERE  are  three  hypotheses  which  are  used  in  accounting  for  heteroplastic 
■^  bone  formation.  One  of  these  postulates  the  occurrence  of  embryonic 
"rests"  of  osteogenic  tissue,  misplaced  during  development,  which  in  later  years, 
under  the  stimulus  of  changed  physiologic  conditions,  commence  to  grow  and  to 
produce  bone.  Another  postulates  the  transference  of  osteoblastic  cells  by  way 
of  the  blood  stream  by  means  of  which  they  arrive  in  unusual  situations  where 
they  lodge  (embolism)  and  grow,  producing  bone.  The  third  making  use  of 
the  doctrine  of  metaplasia,  holds  that  any  cell  may,  within  certain  tentative  con- 
ditions, change  in  its  morphologic  features,  and  become  physically  and  perhaps 
chemically  similar  to  other  cells  arising  from  the  same  general  layer.  To  quote 
Adami — "while  there  may  be  conversion  of  one  epiblastic  or  hypoblastic  tissue 
into  another  epiblastic  or  hypoblastic  tissue,  and  of  one  mesoblastic  form  of  cell 
into  another  mesoblastic  form,  this  conversion  is  of  a  limited  extent;  metaplasia 
of  mesoblastic  tissue  into  epiblastic  or  hypoblastic  and  vice  versa  does  not  occur." 

The  doctrine  of  metastasis  and  of  metaplasia  are  the  dominant  ones.  Of 
that  which  postulates  embryonic  rests  there  is  no  proof,  save  perhaps  in  the 
rarest  instances  and  in  teratomata.  There  is  no  evidence  that  such  remains 
play  any  part  in  the  production  of  heteroplastic  bone  in  any  of  the  usual  cases. 
We  believe  that  it  may  be  practically  discarded  from  this  discussion. 

The  conception  of  metaplasia  is  the  dominant  one,  combated  though  it  be 
by  certain  pathologists  such  as  Ribbert,  who,  though  he  admits  physiologic  meta- 
plasia, nevertheless  denies,  at  least  to  a  ver)^  great  extent,  its  occurrence  under 
pathologic  conditions.  A\'hile  we  admit  that  there  are  a  few,  comparatively  few, 
cases  in  which  we  can  see  no  other  explanation  for  the  phenomenon  than  that 
held  in  the  doctrine  of  metastasis  (illustrated  best  by  Le  Count's  case  of  Meta- 

-Svvift,   H.  :     Jour.   Amer.   Med.   Assn.,    1915,   Ixv,   209. 
'Smith,   L.  :     Jour.    Amer.    Med.    Assn.,   1915,   Ixiv,    1563. 

•'From  the  Pathologic  Institute  of  the  Cincinnati  General  Hospital,  and  the  Marv  Tsl.  Emerv  De- 
partment of  Pathology  of  the  University  of  Cincinnati. 
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static  Osteomata),  it  seems  to  us  that  the  logical  explanation  of  practically  all 
osseous  heteroplasia  can  be  found  in  the  doctrine  of  metaplasia.  Metaplasia,  it 
seems,  being  a  physiologic  process  of  the  widest  possible  application,  must  be 
also  a  phenomenon  occurring  under  pathologic  conditions.  The  tissues  of  the 
body  are  formed  by  gradually  changing  steps  that  appear  in  response  to  physical 
and  chemical  conditions.  There  is  no  intrinsic  embryologic  diiiference  between 
the  cells  which  are  to  form  fibrous  tissues  and  those  which  are  to  produce  bone. 
The  variations  which  arise  are  the  results  of  physical  and  chemical  differences 
in  the'  environment  of  the  cells  which  make  it  necessary  that  dififerent  structures 
be  produced,  and  of  the  two  orders  of  environmental  factors,  the  chemical  is 
more  important.  A  fracture  heals  bv  fibrous  union,  not  because  there  is  no  need 
for  bone,  nor  because  the  stresses  which  might  better  be  withstood  ?jy  bone  are 
absent,  but  because  the  chemical  conditions,  which  demand  bone,  are  absent. 

If  the  proper  nutritive  conditions  are  present  then  only  is  bone  formed, 
otherwise  fibrous  tissue  of  one  or  another  order  appears.  In  other  words,  there 
is  no  sharp  boundary  line  between  the  various  supporting  tissues  of  mesoblastic 
origin,  a  fact  which  is  best  exemplified  in  the  embryo  during  development. 

How  the  necessary  chemical  conditions  favoring  osseous  metaplasia  are 
brought  about,  we  do  not  know.  Aly  friend.  Professor  E.  R.  Le  Count,  has  sug- 
gested that  the  presence  of  free  blood  plays  a  part,  in  what  way  I  do  not  know. 
It  is,  however,  an  interesting  fact  that  heteroplastic  bone  is  most  frequently  as- 
sociated with  trauma  and  with  inflammatory  changes  which  are  in  turn  associated 
with  hemorrhage.  It  is  possible  that  the  presence  of  red  blood  cells  which  are 
colloids  of  a  certain  concentration  and  composition,  furnish  the  proper  physico- 
chemical  basis  for  deposition  of  salts  in  concentrations  such  that  the  mesoblastic 
cells  during  the  growth  associated  with  organization  are  impelled  m  the  direc- 
tion of  bone  formation  rather  than  of  fibrous  tissue  production. 

The  relationship  between  blood  supply  and  bone  formation  has  been  com- 
mented upon  by  various  investigators  who  have  observed  this  type  of  metaplasia 
following  ligation  of  the  blood  vessels  of  the  kidnej-  in  which  organ  there  seems 
a  special  unknown  reason  for  the  appearance  of  the  process.  In  three  out  of 
four  cases,  after  ligation  of  the  renal  vessels  one  may  observe  bone  and  medulla 
formation,  and  in  the  affected  areas  one  sees  practically  the  same  process  at 
work  which  takes  place  during  normal  ossification  of  membranes  during  devel- 
opment. (Sacerdotti  and  Frattin.)  It  has  also  been  shown  (Poscharissky)  that 
in  other  organs  than  the  kidney  (liver,  spleen,  ovary,  etc.)  ligation  is  not  fol- 
lowed by  ossification,  but  only  by  necrosis  and  calcification.  It  seems  as  though 
there  were  an  organ  disposition  to  ossification.  I'oscliarisskv  belicws  that  the 
differences  are  due  to  difi'eront  circulator}-  conditions,  or  to  the  fact  that  in 
some  organs  a  longer  time  must  elapse  before  ossification  occurs.  It  is  our  ex- 
perience that  white  infarcts  of  tlu  kidnc}-  never  show  calcification.  It  is  also 
our  experience  that  mild  degrees  of  calcification  ( i.  c,  deposition  of  small  amounts 
of  lime  salts  as  granules  in  the  renal  cells)  are  not  infrequent.  Tying  the  efferent 
vessels  of  the  kidney  produces  a  condition  of  jiassixe  congestion,  which  is  sim- 
ilar to  red  infarction,  in  wliich  the  red  cells  pa-^s  out  into  the  tissues  in  large 
numbers,  a  condition  quite  ui'like  that    found   in   white  infarction.     There  seems 
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then  to  be  at  least  a  superficial  relation  between  red  blood  cells  and  ossification 
in  the  kidney. 

In  the  case  which  1  wish  to  report,  there  was  no  evidence  of  hemorrhage. 
There  was,  however,  an  inflammatory  process  of  a.  chronic  nature  which  ma\ 
or  may  not  have  been  associated  with  emigration  of  red  blood  cells. 

The  patient,  J.  H.,  age  42,  a  white  male,  was  admitted  to  the  Neurologic 
Service  of  the  Cincinnati  General  Hospital  on  March  13,  1915,  complaining  thai 
he  could  not  walk.  He  gave  a  history  of  malaria;  and  of  smallpox,  but  of  no 
other  serious  illnesses.  For  20  years  he  had  had  an  ulcer  upon  the  right  leg.  For 
a  number  of  weeks  he  had  sulTered  from  urinary  incontinence. 

The  present  illness  began  a  few  days  before  entrance  to  the  hospital.  One 
evening,  he  said,  his  legs  began  to  feel  strange.  The  next  morning  he  had  dif- 
ficulty in  walking  to  his  work  and  finally  was  helped.  He  said  his  legs  did  not 
feel  like  legs  and  that  they  were  weak.  By  the  time  he  returned  from  work  he 
was  no  longer  able  to  walk. 

Physical  examination  (according  to  the  clinical  histor)',  which  was  obvious- 
ly incomplete)  showed  "a  well  developed  and  nourished  white  man.  Heart  and 
lungs  negative.  Abdomen  negative.  Pupils  and  movements  of  eyes,  negative. 
Muscles  of  the  face,  tongue  and  arms  negative.  Leg-knee  jerks  increased  in 
both.  Double  Babinski.  No  ankle  closus.  Legs  are  useless,  but  draw  up  in- 
voluntarily and  then  stay  until  drawn  down.  An  ulcer  nearly  encircles  (except 
at  back)  the  right  leg  from  the  ankle  nearly  to  the  knee.  Feces  and  urine 
passed  involuntarily  and  frequently."     Death  occurred  on  April  11,   1915. 

The  clinical  diagnosis  was  spastic  paraplegia. 

The  postmortem  was  done  12  hours  after  death.  The  following  is  a  copy 
of  the  protocol. 

The  body  was  that  of  a  fairly  well  nourished  white  adult  man  5  feet,  5^2  inches 
long.  The  pupils  were  both  somewhat  dilated,  the  right  more  than  the  left.  The  skin 
of  the  face  had  a  yellowish-brown  tinge  somewhat  like  that  of  Addison's  disease.  The 
conjunctivje  were  pale.  The  eyes  were  sunken.  On  the  inner  side  of  the  elbow  joint 
(right)  there  were  puncture  wounds  of  needles.  The  chest  was  remarkably  barrel-shaped, 
beside  which  there  was  a  dorsal  scoliosis.     The  abdomen  was  navicular.     Age  apparenth"  40. 

Postmortem  lividity  was  well  marked.  Rigor  mortis  was  present  and  more  marked 
in  the  arms  and  hands  than  in  the  feet.  The  right  knee  was  slightly  flexed.  Midway 
between  the  sternal  and  axillary  lines  and  3  cm.  below  the  interm-ammillarj-  line,  was  a 
gaping  wound  which,  except  for  the  fact  that  its  base  was  apparently  (to  the  touch) 
cartilage,  looked  like  the  wound  of  an  unhealed  costotectomy.  The  edges  of  this  seemed 
clean  and  health}-,  -and  they  were  not  undermined.  The  base  was  covered  with  a  thin 
sero-purulent  fluid.  No  sinus  could  be  appreciated.  On  section  it  appeared  that  this 
lesion  was  one  due  to  a  destructive  process  in  the  5th  costal  cartilage  which  had  also 
involved  the  adjacent  intercostal  tissues.  It  did  not  involve  the  pleura.  Eighteen  cm. 
below  the  right  knee  and  extending  toward  the  ankle  (12  cm.  anteriorly,  and  ^  cm. 
posteriorly)  was  an  ulcerated  surface  which  extended  completely  around  the  leg.  The 
margins  of  this  were  more  or  less  irregular  but  were  smooth  and  clean  and  showed  every 
indication  of  indolence.  The  skin  immediately  about  the  edges  was  thickened,  white  and 
opalescent.  Beyond  this,  both  above  and  below,  the  skin  and  subcutaneous  tissues  were 
thickened  and  edematous,  and  the  skin  was  pigmented.  Such  veins  as  could  be  seen 
above  the  ulcer  were  dilated  and  tortuous  (varicose).  The  surface  of  the  ulcer  was  smooth, 
red,  moist,  clean  and  indolent.  The  anterior  lines  of  the  tibiae  were  smooth.  There 
was  no  edema  of  the  left  foot  or  ankle.  The  penis  and  scrotum  were  cyanotic.  Just 
to   the   right    of   the   midline    of    the   perineum,    at    a    point    where   perineum    and    scrotum 
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joined,  was  the  circular  opening  of  a  sinus  which  ran  anteriorly  under  the  skin  of  the 
scrotum.  There  was  no  evidence  after  dissection  that  this  connected  with  the  bladder 
or  urethra,  or  with  any  other  organ.  On  the  back,  scattered  here  and  there,  were  very 
many  irregular,  some  almost  serpiginous,  ulcerated  surfaces  which  were  for  the  most 
part  covered  with  adherent  iibrino-purulent  pseudomembrane.  This  condition  was  espe- 
cialiy  well  marked  over  the  buttocks  and  in  the  sacral  region.  On  attempting  to  turn  the 
body  on  the  side,  a  thin  watery  fluid  containing  flakes  of  mucous,  ran  from  the  mouth. 
The  peripheral  lymph  glands  were  not  noticeably  enlarged.  The  teeth  and  gums  were 
in  a  frightful  state.  The  teeth,  most  of  them  decayed,  were  loose  and  hung  loosely  by 
their  blackened  stumps  in  pigmented  suppurating  gums.  The  subcutaneous  fat  was  well 
developed.  Internally  (mesially)  to  the  wound  in  the  thorax  was  a  small  subcutaneous 
abscess   containing   a  greenish-yellow   caseous  pus.     It   measured   about  2   cm.   in   diameter. 

The  lungs  collasped  incompletely  when  the  chest  was  opened.  In  the  left  side 
there  were  old  anterolateral,  posterior,  and  apical  adhesions,  and  but  a  small  amount  of 
pleural  fluid  containing  some  blood.  On  the  right  side  were  numerous  lateral,  posterior, 
and  apical  adhesions  and  also  a  considerably  increased  pleural  exudate.  The  lobes  of 
the  lungs  were  bound  together  by  old  adhesions.  The  surfaces  of  all  the  lobes  of  both 
lungs  had  a  distinctly  shotty  feel  which  was  due  to  the  presence  of  innumerable  miliary 
tubercles  which  were  present,  as  section  showed,  everywhere  throughout  the  pulmonary 
tissue.  The  lungs  were  c^uite  edematous  and  moderately  congested.  Congestion  was  more 
evident  in  the  left  lung.  At  both  apices  were  old  apical  scars.  In  the  mediastinal  fat 
and  areolar  tissue  there  was  a  considerable  amount  of  black  pigment  which  ran  in  lines 
down  upon  the  upper  surface  of  the  diaphragm,  where  at  one  or  two  places  it  formed 
irregular  patches.  There  was  no  evidence  of  thymus  tissue.  There  was  no  increase  of 
pericardial  fluid.  In  the  right  heart  was  a  mass  of  agonal  (?)  clot  of  considerable  size. 
The  valves  were  apparently  normal  except  the  aortic,  upon  the  cusps  of  which  were  a 
few  fine  fibrinous  vegetations.  The  aorta  showed  nothing  else  than  a  moderate  degree 
of  fatty  degeneration  with  occasional  areas  of  early  atheroma.  The  spleen  was  large, 
soft  and  friable.  The  capsule  was  smooth  and  the  edges  rounded.  The  Malpighian  cor- 
puscles were  just  visible  on  the  cut  surface.  The  left  kidney  (225)  was  enlarged  and 
pale.  Its  surface  was  irregularly,  though  only  moderately,  lobulated.  The  capsule  was 
adherent.  The  surface  was  generally  gray,  mottled  with  lines  of  congested  capillaries. 
The  whole  organ  was  moderately  edematous.  The  glomeruli  were  not  visible.  The  line 
of  demarkation  between  cortex  and  medulla  was  not  distinct.  In  the  medulla  at  two 
points  were  small  grayish  nodules,  which  resembled  miliar\'  tubercles.  The  general  con- 
sistency of  the  org-an  was  increased. 

The  left  adrenal  was  congested  and  showed  evidence  of  increased  lipoid  cliangc. 
A  cortical  adenoma  was  present  in  the  medullary  portion.  The  medulla  was  possibly 
hypertrophied. 

The  right  kidney  (110)  was  small  and  also  irregularly  lobulated.  The  middle  third 
of  the  anterior  half  of  the  organ  had  all  the  appearances  (externally)  of  the  left  kidney, 
but  the  rest  of  the  organ  was  much  paler  and  to  the  touch  seemed  to  contain  large  cysts. 
On  section  it  was  discovered  that  practically  the  whole  organ  was  the  seat  of  a  chronic 
suppurative  process  which  had  given  rise  to  spaces  filled  with  a  cheesy,  yellowish  ma- 
terial. The  pelvis,  ureter  and  bladder  showed  no  changes.  The  prostate  was  unusually 
friable  and  partly  cystic,  possilily  tubcM-culnu?,  lliough  there  was  no  good  evidence  of  it. 
The  scmiTial  vesicles  were  appareiitl\-  healthy.  In  the  riglit  cpidi(l\iuus  was  a  focus  of 
caseation.  The  testicles  were  normal.  The  right  adrenal  was  small  and  cavitatod.  The 
liver  was  of  about  normal  size  (1,750  grms.).  It  was  gray  with  a  yellowish  tinge,  and 
marked  with  indistinct  lines  of  congestion.  There  were  the  small  tags  of  old  adhesions 
upon  its  surface,  especially  on  llic  right.  Scattered  here  and  there  under  the  capsule 
were  small  rounded  areas  which  resembled  small  tul)erclcs.  There  were  others  of  these 
witliin  the  substance  of  the  organ.  The  cut  surface  was  moist,  gray  and  irregularly  mot- 
tled. There  was  a  large  angioma  in  the  right  lobe  (1x1.5  cm.).  Tiie  bile  ducts  were 
patent,  and  tiicre  were  no  gall  stones.  There  were  old  adhesions  between  the  gall  bladder 
and  the  gastro-colic  omentum.  The  lymph  glands  in  the  celiac  region  were  completely 
calcified  and  formed  irregular  masses.  Scattered  here  and  there  in  the  mesentery,  as  a 
rule  about  halfway  between  the  gut  and  tlie  origin  of  that  membrane,  were  calcareous 
masses  irregular  in  outline,  between  which  and  the  origin  of  the  mesentery  there  were 
lines  of  hyaline  fibrosis.     Tiie  omentum   was   adiiercnt   to   the   parietal   peritoneum    at  the 
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Fig.     1. — A    section    showing     the     presence     of     true 
bone    and    bone-marrow    in    the    adrenal. 


I'ig.    2. — A   section   showing  mas?ing   of   small 
round  cells  about  the  bone  in  the  adrenal. 


Fig.    3. — A    section    illustrating    the    same    things    as 
Figs.     1    and    2,    but    with    greater    magnification. 


Fig.    4  — A    section    of    the    marrow    in    the    adrenal, 
snowing  blood  sinuses,   and  one  megakcaryocyte. 
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right  internal  ring  and  at  the  right  side  of  the  bladder.  The  appendix  was  imbedded  in 
a  post-cecal  pouch  and  folded  sharply  upon  itself  so  that  the  tip  and  the  origin  were  close 
together  at  the  mouth  of  the  pouch.  The  tracheal  and  bronchial  lymph  glands  were  en- 
larged, deeply  pigmented  and  edernatous.  The  thymus  was  absent.  The  trachea  showed 
nothing  abnormal.  The  intestine  showed  nothing  remarkable.  The  brain  (1.235  grms.) 
showed  a  marked  diffuse  edema,  which  was  most  evident  over  the  vertex.  In  many  of 
the  sulci  the  fluid  was  clouded  and  in  some  places  almost  purulent.  There  was  no  dis- 
tinct evidence  of  tuberculosis  though  there  were  occasional  scattered  areas  which  were 
suggestive.  The  ventricular  fluid  was  increased.  The  brain  was  remarkabh*  so.  The 
cord  also  was  ver}-  soft  and  almost  ditBuent.  The  pituitary  was  apparently  normal.  The 
pineal  was  edematous  and  had  a  calcified  center. 

The  anatomic  diagnosis  was,  generalized  miliary  tuberculosis;  Tuberculous 
costochondritis ;  Acute  vegetative  aortic  endocarditis ;  Tuberculous  pyonephrosis ; 
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Fig.    5. — A    tuberculous    area    in    tlie    marrDw    in    the  Fig.    6. — A    tuberculous    giant    cell    in    an    ar.  a    i 

adrenal.  adrenal. 


Serous  meningitis;  Pyorrhea  alveolaris;  Varicose  leg  ulcer;  Mediastinal  anthra- 
cosis;  Calcified  mesenteric  lymph  glands;  Adrenal   tumor   (?). 

The  histologic  examination  of  the  tissues  preserved  at  postmortem  confirmed 
the  anatomic  diagnosis,  except  in  the  case  of  the  left  adrenal  in  which  region 
a  most  interesting  condition  was  observed,  and  one  which,  so  far  as  1  have  been 
able  to  discover,  has  been  mentioned  but  a  few  times  in  medical  literature. 

The  adrenal  had  been  fixed  in  Zenker's  iluid,  washed,  cut  in  thiu  slices, 
embedded  in  celloidin,  cut  and  stained  with  hematoxylin  and  eosin  (Delaficld's) 
and  in  Mayer's  acid  hemalaun.  In  ciiUing  the  sections,  the  technician  had  real- 
ized that  the  tissue  contained  a  small  amount  of  something  which  grated  upon 
the  knife. 

Upon  examination  nothing  remarkal)le  was  encountered  in  the  cortex.  Aside 
from  a  moderate  lipoid  change,  and  the  presence  of  a  few  foci  of  so-called  ade- 
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nomas,  there  was  nothing  worthy  of  note,  except  at  one  or  two  places  where  a 
few  spicules  of  bone  were  observed  surrounding-  a  cellular  structure  which  re- 
sembled bone  marrow.  The  medulla  was  evidently  hyperplastic  and  at  one  point 
was  the  area  which  at  postmortem  had  been  described  as  possibly  an  adenoma. 
This  turned  out  to  be  a  mass  of  myeloid  tissue  almost  completely  surrounded  by 
well  formed  bone,  and  containing  within  it  at  more  than  one  point  several  miliary 
tubercles.  Further  search  in  other  sections  brought  to  light  occasional  tubercles 
in  the  cortex  of  the  adrenal,  usually  closely  associated  with  the  myeloid  areas. 
In  the  cortex  these  structures  measured  1  x  0.5  mm. ;  in  the  medulla,  the  one 
large  mass  of  myeloid  tissue  measured  6x3  mm. 

Careful  study  of  these  anomalous  foci  gave  definite  evidence  that  they  were 
actually  and  typically  bone  marrow  surrounded  by  bone,  as  the  figures  will  show. 
There  was  a  rich  capillary  network  with  endothelial  lining  between  which  were 
numbers  of  lymphocytes,  leucocytes,  myelocytes,  and  giant  cells,  beside  develop- 
mental forms  of  red  blood  cells.  The  bone  was  lined  with  periosteum  and  en- 
dosteum. 

The  fact  that  the  combination  of  tuberculosis  of  the  adrenal  associated  with 
bone  and  myeloid  tissue  (tuberculous  osteomyelitis  of  the  adrenal)  is  rare,  is 
less  interesting  than  the  reason  why  the  bone  appeared.  I  am  of  the  belief 
that  the  fundamental  lesion  was  a  chronic  tuberculous  one,  and  that  the  bone 
and  medulla  formation  was  secondary  to  the  irritation  produced  by  the  tubercle 
bacilli.  It  seems  to  me  that  the  reaction  of  the  tissue  to  the  tuberculous  irrita- 
tion showed  itself  in  hyperplasia  of  the  supporting  tissue  with  only  slowly  pro- 
gressing necrosis  and  slight  deposition  of  lime  salts,  a  combination  of  circum- 
stances which  led  to  the  proper  conditions  for  functional  change  on  the  part  of 
the  connective  tissue  cells. 

BIBLIOGRAPHY. 

Gierke:      Ziegler's   Beitrage,    1905,    Suppl.   Bd.   7,   311. 

Sotti :     Arch,  de  Med.  Exper.  1910  (22)   762. 

Hopf :     Ueber  Knochenmarksgewebe  in   der   Xebenniere,   Miiench.,   1913. 

Adami:     Principles  of  Pathologv,   1910   (1)   639. 

Poscharissky:     Zieg.  Beitr.,   1905,   {2&) . 


A  CARDIAC   FORMULA  FOR   THE   RELATIVE   MEASUREMENTS   OF 

THE  VALVULAR  ORIFICES* 


By  Robert  A.  Keiltv,  ;M.D.,  Philadelphia,  Pa. 


THE  purpose  of  this  presentation  is  to  offer  a  working  basis  for  the  de- 
termination of  cardiac  valvular  stenosis  or  insufficiency.  In  an  autopsy 
technic  the  incisions  for  opening  the  heart  vary  to  a  wide  extent,  each  individual 
operator  having  a  method  of  choice.  I  am  in  the  habit  of  opening  the  left  ven- 
tricle first,  exposing  the  aortic  and  mitral  in  order,  then  the  right  ventricle,  ex- 
posing the  tricusped  and  pulmonary  orifices.  Thus  aortic,  mitral,  tricusped  and 
pulmonary  may  be  examined  in  order.  Hereafter  in  this  paper  these  openings 
are  designated  A.  M.  T.  P. 

The  most  accurate  method  of  determining  valvular  stenosis  or  insufficiency 
is  by  means  of  measuring  the  various  valve  orifices  after  they  have  been  incised. 
The  normal  diameters  as  given  by  dift'erent  authors  vary  to  some  extent.  For 
example,  in  centimeters,  A  8.0,  M  10.5,  T  12.0,  P  9.0,  A.  J.  Smith;  A  1.7,  M. 
10.4,  T  12.0,  P  8.9  and  A  8.0,  M  10.9,  T  12.7,  P  9.2,  Mallory  and  Wright  after 
Krause;  female  A  7.3,  M  9.7,  T  12.9,  P  8.5,  and  male  A  8'2,  M  11.1,  T  13.7, 
P  9.1,  Shennon. 

These  measurements  were  always  confusing  to  me  luitil  a  few  years  ago 
when  I  noticed  the  following  ratio  was  almost  a  constant  factor,  A  7,  M  9,  T  11, 
P  7,  7-9-11-7.  These  are  the  only  figures  one  needs  to  remember.  In  the  same 
proportion  the  orifices  vary  up  to  A  9,  M  11,  T  13,  P  9,  9-11-13-9.  Thus  a  heart 
8.5-10.5-12.5-8.5  for  example  would  be  within  normal  proportions.  In  work- 
ing such  a  formula  the  weight  of  the  heart  must  be  taken  into  consideration. 
In  a  small  heart  of  300  grms.  we  might  expect  to  find  7-9-11-7.  while  in  a  large 
heart  of  600  grms.  9-11-13-9.  There  may  be  said  to  be  a  variation  within  the 
normal,  as  applied  to  stenosis  or  insufficiency,  of  the  following  7-9,  9-11,  11-13. 
7-9. 

It  will  be  found  that  the  measurements  of  the  aortic  and  pulmonary  valves 
are  about  the  same,  the  pulmonary  always  a  little  larger.  The  mitral  is  about 
2  cm.  wider  than  the  aortic  and  the  tricusped  about  2  cm.  wider  than  the  mitral. 

In  aortic  stenosis,  for  example,  with  a  large  heart  wc  might  expect  a  val- 
vular formula  similar  to  this  A  6,  M  11,  T  13,  P  9,  6-11-13-9;  in  aortic  insuffi- 
ciency with  a  heart  of  the  same  weight  A  11,  M  11,  T  13.  P  9.  11-11-13-9. 

In  view  of  the  great  number  of  hearts,  at  least  as  found  at  autopsy,  which 
show  right-sided  dilatation  to  some  degree  the  measurement  of  the  tricusped  will 
vary  more  than  of  the  other  orifices.  This  variation  in  uK^st  instances  will  be 
found  relative  rather  than  organic  and  may  be  expressed  in  figures  7-9-14-7. 

The  figures  which  I  have  given  are  not  exact,  that  is,  thev  are  not  the  re- 
sult of  the  measurements  of  a  thousand  hearts  but  they  are  offered  as  a  work- 
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ing  basis,  easily  remembered,  for  the  determination  cither  of  stenosis  or  insuffi- 
ciency at  the  time  of  an  autopsy. 

Conclusions. 

1.  In  the  following  order  A-M-T-P  a  cardiac  valvular  formula  in  centi- 
meters 7-9-11-7  may  be  u.sed  as  a  practical  working  basis  for  the  determination 
of  stenosis  or  insufficiency. 

2.  This  varies  in  accordance  with  the  size  of  the  heart  witiiin  these  limits 
7-9,  9-11,  11-13,  7-9,  and  rarely  goes  above  or  below. 

3.  The  variations  afifect  all  valves  in  proportion. 

4.  Upon  finding  any  marked  deviation  in  centimeters  in  one  or  tw^o  valves 
from  the  formula  as  given  one  may  be  justified  in  concluding  either  stenosis  or 
insufficiency  is  present  in  a  given  case. 


THE  COMPRESSION  SYNDROME  OF  THE  CEREBROSPINAL  FLUID 


By  G.  W.  Brock,  Atlaxt.\,  III. 


IN  1903  Froin  reported  three  cases  in  which  on  withdrawal  of  the  cerebro- 
spinal fluid,  the  fluid  was  yellow  in  color,  coagulated  spontaneously,  and  con- 
tained numerous  cellular  elements,  mostly  leucocytes. 

vSince  that  time  there  have  been  some  thirty-five  cases  or  more  reported  in 
the  literature. 

The  significance  of  this  syndrome  was  first  brought  to  my  attention  by  Dr. 
Charles  Louis  Mix,  and  in  the  "Murphy  Clinics''  of  April,  1915,  he  gives  a  sum- 
mary of  the  cases  reported  up  to  that  time,  including  one  of  Dr.  Murphy's  cases. 

In  the  Journal  of  the  American  Medical  Association  for  July  10,  1915,  is  an 
extract  from  the  Wiener  klinische  Wochenschrift,  of  two  tumor  cases  showing 
this  syndrome  reported  by  Schlesinger,  one  due  to  an  extradural  tumor,  the 
other  an  angiosarcoma  of  the  cauda  equina. 

The  conditions  leading  to  this  syndrome  may  be  any  traumatic  or  patho- 
logic process  which  cuts  off  the  lower  portion  of  the  spinal  canal,  either  com- 
pletely or  partially,  forming  a  separate  sac,  the  obstruction  to  the  lumen  of 
the  canal  usually  being  somewhere  between  the  sixth  thoracic  and  third  lumbar 
vertebrae. 

These  conditions  include :  Trauma  with  hemorrhage  in  which  the  sleeve- 
like clot  becomes  organized;  inflammatory  reactions,  with  the  formation  of  a 
fibrous  tissue  barrier,  the  inflammation  being  in  the  form  of  an  acute  meningitis, 
a  pachymeningitis,  or  meningomyelitis,  due  to  irritants  injected  from  without,  as 
stovaine  in  one  case ;  or  commonly  bacterial  in  origin,  including  tuberculosis  and 
syphilis. 

Tumors  or  cysts  of  the  conus  terminalis  or  cauda  equina  or  a  Pott's  dis- 
ease with  pressure,  may  be  the  etiologic  factor. 
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Any  one  of  the  above  lesions  when  occurring  in  the  area  of  the  lower  seg- 
ments of  the  cord  or  the  cauda  and  their  coverings,  may  produce  this  syndrome 
of  xanthrochromia,  spontaneous  coagulation,  and  hematolymphocytosis. 

The  coagulation  may  be  immediate,  causing  stoppage  of  the  needle,  or  with- 
in a  period  of  two  or  three  hours,  due  to  the  amount  of  fibrin  present  in  tlie 
exudate. 

The  cellular  elements  are  most  commonly  entirely  made  up  of  lymphocytes. 

Subsequent  punctures  may  give  a  spinal  fluid  that  varies  in  color  from  clear 
to  a  marked  yellow ;  coagulation  may  be  absent,  when  at  some  other  puncture  the 
fluid  coagulates  in  the  lumen  of  the  needle;  and  the  number  of  cells  may  vary 
from  none  to  a  numerous  lymphocytosis. 

This  variance  in  the  findings  in  the  examination  of  the  cerebrospinal  fluid 
is  due  to  the  amount  of  walling-ofi^  in  the  inflammatory  conditions,  or  the  so- 
called  "ball-valve"  action,  mentioned  by  Mix,  as  exerted  by  some  tumors,  which 
may  permit  the  cerebrospinal  fluid  to  pass  the  obstructing  lesion,  or  make  of 
the  distal  portion  of  the  spinal  canal  a  closed  sac. 

Sicard  and  Descomps  were  the  first  to  recognize  this  meningeal  pouch  to  be 
the  essential  physical  factor  in  producing  this  change  in  the  cerebrospinal  fluid. 

Three  types  of  cases  have  been  described :  First,  Acute  cases  of  menin- 
gitis, some  presenting  the  syndrome  of  a  Landry's  paralysis ;  Second,  Paraplegia 
either  spastic  or  flaccid,  depending  on  the  level  afifected,  most  of  the  cases  being 
due  to  a  pachymeningomyelitis  of  the  conus  terminalis.  The  symptoms,  besides 
those  of  paralysis,  are  variable,  disturbance  of  sensation  and  sphincteric  control, 
with  severe  pain  being  most  constant ;  Third,  Tumors  and  cysts,  either  of  the 
conus  terminalis,  cauda  equina  or  the  dura. 

The  duration  of  the  symptoms  leading  to  the  production  of  this  syndrome 
are  reported  as  from  a  few  days  to  seventeen  years,  although  in  long-standing 
cases  it  would  be  impossible  to  say  how  long  this  syndrome  had  been  present. 

Klienberger  has  reported  three  cases,  two  due  to  tumor,  and  the  third  as 
probably  due  to  dementia  paralytica,  the  etiology  of  the  following  case : 

Case  Report. — M.  L.  P.,  male,  age  34.  Admitted  to  the  Peoria  State  Hos- 
pital, Oct.  17,  1913,  and  assigned  to  the  service  of  Dr.  J.  K.  Pollock,  physician 
in  charge  of  the  male  receiving  service. 

Occupation,  farmer;  civil  condition,  married.  The  attack  was  of  one  year 
duration.     No  history  of  alcohol. 

Physical  Examination. — Well  built,  weight  160  pounds;  pressure  sore  on 
right  scapula  and  right  knee,  marked  tremor,  loss  of  sphincteric  control.  Gait 
very  unsteady,  with  feet  far  apart.  Pupils  unequal  and  irregular,  but  reacted 
to  light  and  accommodation.  Deep  reflexes  exaggerated,  the  left  knee  mure  so 
than  the  right;  Gordon  and    liabinski  absent. 

Mental  Examination. — Disoriented  t'or  time  and  jilacc,  judgment  extremely 
deficient,  some  grandiose  ideas  concerning  wealth.  Diagnosis,  Dementia  paraly- 
tica of  the  dementing  type. 

Three  days  after  admission  a  lumbar  puncture  was  made,  which  gave  the 
following  findings:  Amount  of  cerebrospinal  fluid  withdrawn  15  c.c. ;  color 
lemon-yellow ;  Noguchi  and  Nonne-Apelt  tests  both  positive ;  Lange's  gold  solu- 


512  The  Journal  of  Laboratory  and  Clinical  Medicine 

tion  reduced  to  a  white  color  in  dilutions  of   1-20,   1-40,   and   1-80;  cell  count 
50  cells  per  cm. ;  lymphocytes. 

After  about  one  hour  the  fluid  coagulated  in  the  test-tuhe  into  an  almost 
solid  mass.    \\'assermann  strongly  positive.     Autopsy  denied. 


THE  PRESENT  STATUS  OF  THE  ADRENAL  l^ROBLEM* 


By  R.  G.  Hoskins,  Ph.D.,  Chicago,  III. 
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O  attempt  to  formulate  a  conception  of  the  sis^niticance  of  the  adrenal 
glands  in  the  existing  state  of  the  literature  is  a  somewhat  precarious 
undertaking.  This  literature  although  extensive  is  by  no  means  consistent 
nor  complete.  One  can  find  recorded  data  that  support  almost  any  possible 
conclusion.  His  final  conception  rests  therefore,  to  a  considerable  extent,  on 
his  selection  and  evaluation  of  more  or  less  conflicting  evidence. 

From  the  confused  maze,  however,  a  few^  facts  of  major  importance 
stand  out  unquestioned.  Before  taking  up  the  present  status  of  the  adrenal 
problem  to  ailord  a  background  these  may  be  briefly  reviewed.  Although 
the  adrenals  had  long  been  recognized  as  definite  anatomical  structures,  the 
first  significant  contribution  to  our  knowledge  of  their  function  was  made  by 
Addison,  an  English  clinician.  In  1855  he  reported  that  adrenal  deficiency 
gives  rise  to  a  characteristic  syndrome  the  cardinal  features  of  w^hich  are 
muscular  w^eakness,  circulatory  depression,  gastrointestinal  disturbances  and 
deposition  of  a  dark  pigment  in  the  skin  and  mucous  membranes.^  This  dis- 
covery constitutes  the  most  important  evidence  as  to  adrenal  functioning 
even  as  we  know  it  today.  It  also  raises  the  most  insistent  question  that 
still  remains  to  be  answered,  namely, — What  is  the  specific  explanation  of 
this  complex;  ^Mly  does  an  animal  deprived  of  its  suprarenal  tissue  inevitably 
die? 

The  next  significant  discovery  was  made  by  Oliver,  another  clinician. 
In  an  investigation  of  the  effects  of  various  gland  extracts  on  his  patients 
he  discovered  that  suprarenal  material  is  especially  potent.  In  collaboration 
with  the  Edinburgh  physiologist,  Schaefer,  he  then  undertook  a  systematic  in- 
vestigation of  the  properties  of  suprarenal  extracts.  It  was  discovered  among 
other  things  that  such  extracts  have  a  remarkable  stimulating  effect  upon 
the  circulatory  apparatus,  causing  great  augmentation  of  blood  pressure. 
These  observations  were  published  in  1894-5.^  The  discovery  was  made  in- 
dependently by  Szymonowicz,  however,  and  published  in  1896.^ 

The  isolation  of  the  so-called  "active  principle" — better  an  active  prin- 
ciple— of  the  extract  was  soon  after  accomplished.  Abel  in  1897  secured  it 
as  a  benzoyl  addition  product  which  he  called  "epinephrin."*  Takamine  and 
Aldrich  in  1901  succeeded  in  isolating  it  as  a  pure  crystalline  substance.' 
They  called  it  "adrenalin"  which  term  was  adopted  as  a  trade  name  by  the 

*From  the  Laboratory  of  Physiology  of  the  Xorthwestern  University  Medical   School. 
Read   before  The   Institute  of  Medicine  of  Chicago,  January  28,    1916. 


Present  Status  of  the  Adrenal  Problem  513 

pharmaceutical  firm  by  which  they  were  employed.  As  a  matter  of  usage 
adrenin  seems  now  to  be  the  faxorite  term  for  the  substance.  It  belongs 
chemically  among  the  benzene  ring  compounds,  as  is  indicated  by  its  name 
dioxyphenyl-ethanol-methyl-amine.  Its  composition  suggests  that  it  may  be 
derived  from  tyrosin,  one  of  the  amino  acids  obtained  in  protein  digestion. 
It  is  formed  in  the  medulla  but  not  in  the  cortex  of  the  suprarenal. 

The  next  outstanding  discovery  was  made  by  a  group  of  English  in- 
vestigators,— particularly  Elliott.''  His  elaborate  paper  of  1905  has  become 
a  classic.  He  showed  conclusively  that  adrenal  extract  stimulates  selectively 
the  neuro-cellular  endings  of  the  sympathetic  nervous  system  wherever  these 
are  found.  The  effect — at  least  of  physiologic  quantities — depends  in  any 
organ  particularly  upon  three  factors :  If  the  organ  receives  no  sympathetic 
fibers  no  effect  is  produced.  If  the  sympathetic  fibers  are  relatively  little  used 
in  every  day  life  the  effect  of  adrenin  is  correspondingly  restricted.  The  ef- 
fect is  either  augmentation  or  depression  of  the  function  of  a  given  tissue 
depending  upon  whether  its  sympathetic  fibers  are  excitatory  or  inhibitory. 
Thus,  the  uterus  is  stimulated  whereas  the  intestine  is  depressed.  This  dis- 
covery seemed  to  many  largely  to  settle  the  adrenal  problem.  But  to  this 
point  we  shall  revert. 

Another  recent  discovery  that  will  probably  be  recognized  as  of  major 
importance  is  that  the  adrenals  are  particularly  influenced  by  emergency  con- 
ditions. A  conception  of  the  "emergency  function"  of  the  glands  based 
largely  upon  w-ork  done  in  his  laboratory  has  recently  been  formulated  by 
Cannon.^  Various  aspects  of  this  function  have  been  worked  out  and  pub- 
lished in  a  series  of  joint  papers  since  1911.  Cannon  in  studying  the  activ- 
ities of  the  alimentary  tract  had  noticed  that  an  outburst  of  emotion,  either 
fear  or  anger,  resulted  in  a  checking  of  peristalsis.  This  might  well  be  due 
to  an  outflow  of  impulses  throughout  the  sympathetic  nervous  system, — a 
phenomenon  that  is  well  known  to  occur  under  such  circumstances.  How- 
ever, the  investigator  was  struck  b\'  the  fact  that  the  depression  of  peristalsis 
persisted  for  some  time  after  all  signs  of  emotion  had  subsided.  Adrenin 
was  known  to  inhibit  peristalsis.  The  adrenal  glands  were  known  to  re- 
ceive sympathetic  fibers  and  hence  supposedly  to  receive  a  share  of  the  sym- 
pathetic impulses.  It  was  suspected  then  that  the  prolonged  alimentary  de- 
pression might  be  due  to  an  after  discharge  of  adrenin  from  the  excited  glands. 
Direct  research  confirmed  the  suspicion. 

Cannon  in  collaboration  with  do  la  Paz  first  studied  the  efl'ect  of  violent 
emotions  upon  the  adrenin  content  of  the  blood. '^  The  method  used  was 
briefly  this :  A  cat  was  bound  to  a  comfortable  holder.  Then  under  local 
anesthesia  a  femoral  vein  was  exposed  and  opened.  This  permitted  the  in- 
troduction of  a  long  flexible  catheter  into  the  vena  cava  so  as  to  secure  a 
sample  of  blood  from  the  level  of  the  adrenal  veins.  The  animal  then  had 
its  sensibilities  harrowed  by  the  threatening  presence  of  a  barking  dog.  \\'hen 
the  angry  passions  of  the  cat  were  sufilciently  aroused  a  second  sample  of 
blood  was  secured.  The  two  samples  were  immediately  compared  as  to  ad- 
renin content.  Tn  liiul  a  suitable  test  object  that  could  be  used  with  de- 
fibrinatcd    blui.,!    was    for    some    time  a    l>aming    problem.      Finally,    however. 
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strips  of  longitudinal  muscle  of  the  cat's  intestine  were  found  to  be  suitable. 
These  immersed  in  normal  blood  will  undergo  spontaneous,  long  continued, 
rhythmic  contractions.  If  a  trace  of  adrenin  is  added,  however,  the  contrac- 
tions immediately  cease.  By  means  of  this  test  the  two  samples  of  blood 
were  compared.  That  obtained  while  the  animal  was  quiet  showed  no  de- 
tectable adrenin.  That,  however,  from  the  excited  animal  caused  a  marked 
depression  of  the  intestinal  strip.  By  suitable  means  it  was  shown  that  the 
depressing  substance  actually  was  derived  from  the  adrenal  glands.  It  was 
concluded,  therefore,  that  during  times  of  emotional  stress  the  adrenal  glands 
are  stimulated  to  pour  into  the  blood  stream  enough  adrenin  to  exert  a  sig- 
nificant influence. 

The  problem  then  presented  itself:  Is  this  adrenin  discharge  purely  a 
psychic  phenomenon?  In  other  words,  could  it  be  produced  in  an  uncon- 
scious subject?  That  problem  was  investigated  by  Cannon  and  Hoskins." 
Since  pain  is  the  most  common  source  of  emotion  its  effect  on  the  adrenals 
was  investigated.  It  was  not  advisable  to  subject  the  experimental  animals 
to  actual  pain,  however,  hence  its  physiologic  equivalent,  sensory  stimulation 
under  anesthesia  was  employed.  A  stimulating  electrode  was  adjusted  to 
the  sciatic  nerve.  Then  a  sample  of  blood  was  secured  by  the  method  pre- 
viously described.  A  strong  tetanizing  current  was  applied  to  the  nerve 
and  after  a  short  period  of  stimulation  a  second  sample  of  blood  secured.  In 
the  meanwhile  it  had  been  found  that  segments  of  rabbit  intestine  are  more 
sensitive  and  more  easily  secured  than  are  intestinal  strips."  In  this  and 
subsequent  researches  along  this  line,  therefore,  such  segments  were  used 
for  the  tests.  It  was  found  just  as  in  the  earlier  experiments  that  blood 
secured  after  stimulation  of  the  sciatic  gave  a  clean-cut  adrenin  reaction. 
These  results  have  been  confirmed  by  other  investigators,  notably  Elliott," 
who  has  observed  that  sensory  irritation  results  in  exhausting  the  adrenin 
content  of  the  gland.  This  fact  has  an  obvious  bearing  on  clinical  practice. 
Any  severe  surgical  operation  is  essentially  a  repetition  of  the  experiment 
described.  Adrenal  exhaustion,  therefore,  is  one  of  the  immediate  results 
of  any  such  operation.  Similarly,  it  was  found  that  asphyxia  causes  adrenal 
discharge, —  a  fact  that  has  also  been  confirmed  in  various  ways. 

Since  this  adrenal  discharge  may  be  purely  reflex,  and  since  reflexes 
are  usually  of  direct  benefit  to  the  individual,  the  question  arises :  Of  what 
use  is  the  arrangement?  McDougal  has  suggested  that  emotions  are  the 
mental  representation  of  bodily  activities:  anger  represents  combat,  fear 
represents  flight.  In  case  combat  results,  pain  is  experienced.  Either  flight 
or  combat  causes  partial  asphyxia,  that  is,  breathlessness — at  least  until  the 
body  has  had  time  to  adjust  to  the  conditions.  All  of  these  cause  adrenal 
discharge.  The  adrenal  discharge  might  be  supposed,  therefore,  to  aid  in 
some  way  in  strenuous  muscular  activity ;  that  is,  to  integrate  the  body  for 
muscular  response  to  the  stressful  condition  which  caused  the  discharge. 

As  a  matter  of  fact,  the  injection  of  adrenin  does  have  a  number  of  ef- 
fects that  aid  in  violent  muscular  activity.  A  quiescence  of  the  whole  di- 
gestive system  results  and  the  blood  is  shifted  from  the  splanchnic  circulation 
to  the  active  muscles,  and  to  the  nervous  and  respiratory  organs.     The  cir- 
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culation  in  these  organs  is  further  increased  by  a  rise  of  blood  pressure  re- 
sulting from  vasoconstriction  of  the  splanchnic  area  and  often  of  the  skin, 
as  well  as  by  augmented  cardiac  discharge.  In  a  direct  investigation  Hart- 
man^-  working  in  Cannon's  laboratory  has  recently  shown  that  a  given  dose 
of  adrenin  simultaneously  dilates  the  vessels  of  the  muscles  and  constricts 
those  of  the  splanchnic  organs.  A  discharge  of  dextrose  occurs,  leading  to 
hyperglycemia,  whereby  the  laboring  muscles  obtain  a  better  supply  of  energy 
material.  This  hyperglycemia  has  been  observed  as  a  direct  result  of  strong 
emotion  as  well  as  of  artificially  augmented  adrenin.  The  well-known  bron- 
chodilator  effect  of  adrenin  is  of  obvious  utiHty  in  aiding  free  breathing 
whereby  the  oxygen  necessary  to  violent  activity  is  secured.  ]Most  striking 
of  all,  however,  the  laboring  muscle  itself  is  directly  benefited.  Cannon  and 
Nice^"  observed  that  after  the  injection  of  adrenin  or  stimulation  of  the 
splanchnic  nerves  to  cause  adrenal  discharge,  the  efficiency  of  a  fatigued 
muscle  is  improved,  sometimes  100  per  cent.  Gruber^*  has  found  that  re- 
covery from  fatigue  is  greatly  hastened  by  the  injection  of  adrenin.  The  ex- 
planation of  this  fact  is  not  definitely  known,  but  a  hint  is  oftered  by  Evans 
and  Ogawa's  observation^^  that  in  the  heart  at  least  the  assimilation  of  oxy- 
gen is  increased  by  this  substance.  Hartman's  observation  that  adrenin  has 
a  selective  vasodilator  influence  in  muscle  also  comes  to  mind.  Cannon.  Gray 
and  MendenhalU''  have  noted  another  phenomenon  which  is  of  further  use 
to  the  individual  in  case  the  stressful  condition  results  in  bodily  injury: 
Adrenin  lessens  the  coagulation  time  of  the  blood.  This  is  true,  however, 
only  within  physiologic  limits, — for  such  quantities  as  can  be  obtained  by 
stimulating  the  splanchnic  nerves.  In  case  greater  quantities  are  employed, 
the  coagulation  is  interfered  with.  With  proper  regard  to  this  fact,  adrenin 
might  well  come  into  frequent  clinical  use  in  combating  hemorrhage.  Can- 
non suggests  that  the  pains  of  labor  are  of  direct  use  to  the  mother  in  caus- 
ing adrenal  discharge  and  thereby  protecting  her  from  post-partum  hemor- 
rhage. One  thinks  also  of  the  stimulating  effect  of  adrenin  on  the  uterus. 
On  the  whole  it  seems  to  be  established  that  in  times  of  stress  the  adrenal 
glands  are  stimulated  to  discharge  a  secretion  that  is  of  use  in  integrating 
the  body  to  cope  with  emergencies. 

The  question  may  now  be  raised :  What  part  do  the  adrenals  play  dur- 
ing periods  of  more  placid  existence?  A  few  years  ago  a  very  satisfactory 
theory  could  be  constructed  about  as  follows :  An  animal  deprived  of  its  ad- 
renal glands  dies.  The  blood  pressure  falls  indicating  that  the  sympathetic 
nervous  system  has  failed  in  its  function.  Injection  of  adrenal  extract  causes 
a  marked  rise  of  pressure ;  therefore,  the  function  of  the  adrenal  glands  is 
to  maintain  the  tonus  of  the  sympathetic  nervous  system.  This  might  be 
designated  the  "tonus  theory."  Although  several  facts  are  in  contradiction 
to  it  the  theory  still  has  considerable  currency.^' 

The  first  question  that  arises  when  one  considers  the  theory  is  this :  Is 
there  present  in  the  blood  stream  as  it  leaves  the  heart  enough  adrenin  to 
exert  any  appreciable  influence  on  the  sympathetic  nervous  system?  In  the 
earlier  literature  occur  various  statements  which  indicate  that  the  blood  does 
contain  considerable  quantities.    The  concentration  is  given  as,  for  example. 
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one  part  in  10,000,000.  But  it  is  interesting  to  note  that  as  the  technic  of 
such  determinations  has  improved  the  dilution  of  adrenin  has  continuously 
approached  infinity.  The  best  method  now  known  for  such  tests  is  to  run 
the  suspected  blood  through  the  capillary  bed  of  a  frog's  legs  and  note  the 
rate  of  outflow.  Trendelenburg,  the  recognized  authority  on  this  method, 
has  recently  reported  that  the  concentration  of  adrenin  in  arterial  blood  is 
at  most  not  more  than  one  part  in  one  or  two  billions  or  only  one-fifth  enough 
to  exert  any  appreciable  effect  on  the  sympathetic  system  of  a  mammal.^® 

The  tonus  theory  can  be  considered  from  another  point  of  view.  It  as- 
sumes that  the  adrenals  arc  constantly  supplying  enough  secretion  to  stim- 
ulate the  pressor  mechanisms.  This  being  true  the  addition  of  a  little  more 
of  the  drug  by  vein  should  augment  this  pressor  influence  and  send  the  ten- 
sion higher.  As  a  matter  of  fact  quite  the  opposite  occurs.  Such  injections 
characteristically  lower  the  pressure.  This  observation  was  made  by  earlier 
investigators,  notably  by  Moore  and  Purinton,^''  but  was  ascribed  to  im- 
purities in  the  material  used.  In  1912  Hoskins  and  McClure-"  reinvestigated 
the  matter  using  a  supposedly  pure  drug.  Their  experiments  were  made 
on  dogs.  The  depressor  effect  was  easily  demonstrated.  The  fact  was  con- 
firmed for  cats  by  Cannon  and  Lyman. -^  In  1913  lltjskins  and  ]\IcPeck" 
showed  that  light  massage  of  the  suprarenals  leads  to  a  similar  fall  of  pressure. 

Again, — if  the  adrenals  are  pouring  into  the  blood  stream  enough  secretion 
to  hold  up  pressure  sudden  occlusion  of  the  adrenal  veins  should  cause  a  prompt 
fall  of  pressure.  As  a  matter  of  fact  such  procedure  leaves  the  pressure  exactly 
where  it  was  before.-^  It  is  a  matter  of  hours  before  a  fall  occurs  whereas  cir- 
culating adrenin  is  destroyed  within  a  minute  or  two. 

Hoskins  and  McClure-*  have  tested  the  theory  in  another  way.  If  adrenin 
be  injected  into  a  vein  at  very  small  but  gradually  increasing  rates  at  first  no 
eft'ect  at  all  is  to  be  seen.  Then  various  changes  occur.  One  of  the  earliest  is 
depression  of  intestinal  peristalsis.  If  simultaneous  tracings  of  peristalsis  and 
blood  pressure  are  taken  it  is  found  that  the  gut  is  paralyzed  before  any  rise 
of  blood  pressure  occurs.  One  need  not  point  out  the  futility  of  an  arrangement 
that  could  maintain  blood  pressure  only  at  the  expense  of  gastrointestinal  paraly- 
sis. Other  evidence  of  similar  tenor  could  be  offered  but  this  may  sufffce.  At- 
tractive as  the  tonus  theory  was  it  is  no  longer  tenable. 

But  the  fact  remains,— adrenal  extirpation  is  fatal  and  the  final  symptoms 
include  a  failure  of  functions  that  are  under  sympathetic  control.  Elliott^^  has 
offered  the  interesting  suggestion  that  a  minute  quantity  of  circulating  adrenin 
is  necessary,  not  to  stimulate  the  sympathetic  system  but  to  maintain  its  irritabil- 
ity. That  is,  the  terminal  neurocellular  substance  of  the  sympathetic  system  in 
the  absence  of  adrenin  is  no  longer  able  to  transmit  impulses.  This  possibility 
also  was  investigated  in  our  laboratory.  It  seemed  to  us  that  animals  at  the 
point  of  death,  such  as  Elliott  worked  on,  are  not  capable  to  giving  any  very 
significant  information.  All  sorts  of  secondary  factors  may  enter  into  the  ex- 
periment. If  sympathetic  failure  is  a  characteristic  feature  of  the  syndrome,  it 
should  appear  at  an  early  stage.  It  was  found  that  at  a  time  when  the  animal 
deprived  of  its  adrenals  is  showing  marked  evidence  of  that  fact, — when  it  can 
scarcely  sustain  its  own  weight, — its  vasomotor  system  responds  to  stimulation 
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perfectly   well."''     Vasomotor — i.e.,   sympathetic   failure,   therefore,   is   to   be   re- 
garded as  a  secondary  feature.     Both  muscular  and  cardiac  weakness  precede  it. 

It  would  seem  probable  that  if  a  trace  of  adrenin  is  essential  for  sympathetic 
functioning,  the  vasomotor  reactions  should  be  improved  if  an  animal  previously 
deprived  of  its  adrenals  were  to  receive  a  continuous  injection  of  very  dilute 
adrenin  for,  say  half  an  hour.  In  carrying  out  this  experiment  the  surprising 
fact  was  noted  that  such  injections  often  actually  impede  sympathetic  function- 
ing. In  some  cases  pronounced  block  was  demonstrated.-'  This  observation, 
which  was  confirmed  many  times  both  in  normal  animals  and  those  deprived  of 
their  adrenals,  seems  to  dispose  of  the  alternative  theory  that  adrenin  facilitates 
sympathetic  functioning.  The  conclusion  follows  then  that  the  remarkable  ef- 
fect of  larger  doses  of  adrenin  on  the  sympathetic  system  is  of  use  in  emergencies 
only. 

The  possibility  still  remains  that  minute  quantities  of  adrenin  are  necessary 
for  the  metabolism  of  other  tissues,  for  example,  as  Crile  supposes,  the  brain 
cells.-**  If  such  were  the  case, — if  adrenin  failure  were  the  significant  feature 
in  adrenal  deficiency — it  should  be  possible  by  continuous  injections  of  adrenin 
to  preserve  the  life  of  the  operated  animal.  As  a  matter  of  fact  no  significant 
prolongation  of  life  can  thus  be  achieved.-^  Laying  all  theories  aside  and  fac- 
ing this  fact,  one  can  scarcely  escape  the  conclusion  that  adrenin  has  no  essential 
connection  with  the  Addison  syndrome  or  its  laboratory  equivalent, — that  it  is 
merely  a  reserve  resource  for  use  in  emergencies. 

The  cause  of  death  then  in  adrenal  deficiency  remains  still  an  unsolved  rid- 
dle. We  are  led  back  to  the  theories  that  prevailed  before  the  potency  of  ad- 
renal extracts  was  discovered.  Do  these  glands  perchance  have  a  detoxicating 
function?  Is  the  essential  feature  in  adrenal  death  a  toxemia?  If  so,  the  toxin 
should  be  detectable, — particularly  since  it  is  often  potent  enough  to  kill  a  dog 
within  a  few  hours.  There  are  on  record  some  early  observations  which  in- 
dicate that  such  a  toxin  can  be  demonstrated.  Abelous  and  Langlois^"  reported 
that  the  blood  of  guinea-pigs  dying  after  adrenal  extirpation  is  fatal  to  frogs.  In 
view  of  the  possibility  of  the  formation  of  various  decomposition  products,  how- 
ever, the  burden  of  proof  is  on  the  experimenter  to  show  that  the  toxin  is  spe- 
cifically due  to  adrenal  failure.  Negative  results  in  such  experiments  are  more 
significant  than  positive.  The  matter  has  recently  been  under  investigation  in 
our  laboratory.  The  work  is  not  entirely  finished  but  enough  has  been  done 
to  indicate  that  the  blood  of  dogs  that  have  just  died  of  adrenal  deficiency  is  in 
no  degree  toxic  to  frogs.  Other  observers  have  failed  to  detect  a  toxin  by  trans- 
fusion experiments. 

We  are  finally  thrown  back  then  to  the  vague  conception  of  a  failure  of 
tissue  metabolism  as  the  most  prol)able  cause  of  death.  The  tissues  that  first  ex- 
hibit weakness  are  the  canliac  and  muscular.  Tlir  most  satisfactory  theory  for 
the  time  being,  therefore,  would  seem  to  be  that  the  adrenals  contribute  to  the 
blood  stream  some  unknown  substance  necessary  to  the  metabolic  processes  of 
these  active  tissues.  The  best  evidence  indicates  that  this  hypothetical  substance 
is  derived,  not  from  the  adrenal  medulla  which  supplies  adrenin,  but  from  the 
corte.x  of  the  gland.     At  any  rate  in  animals  in  which  the  two  parts  of  the  gland 
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are  separate,  death  follows  when  the  cortex  homologue  is  removed  leaving  the 
chromaffin  tissue  unharmed. ^^ 

One  other  line  of  evidence  bears  on  the  question  as  to  the  function  of  the 
cortex.  In  various  sorts  of  sex-gland  anomalies  hypertrophy  of  this  tissue  is 
observed.  Most  striking,  perhaps,  is  the  fact  that  sexual  precocity  in  children 
has  been  shown  to  be  accompanied  by  marked  adrenal  hypertrophy  or  hyper- 
nephromata.^-  In  some  experiments  recently  made^-'^  evidence  has  been  secured 
that  feeding  suprarenal  substance  to  young  animals  leads  to  hypertrophy  of  the 
testes.     Further  experiments  along  this  line  may  lead  to  significant  results. 

In  conclusion  it  may  be  said  that  the  fundamental  question  remains  yet  to 
be  answered:  Why  does  the  removal  of  the  adrenal  glands  cause  death?  The 
trend  of  the  evidence  now  available  suggests  that  muscular  metabolism  is  at 
fault.  If  that  be  true  the  solution,  like  that  of  many  other  of  the  most  puzzling 
medical  problems,  rests  in  the  hands  of  the  biological  chemists. 
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LABORATORY  METHODS 


The  Results  of  Quantitative  Albumin  Determinations  from  6000  Cases 

of  Suspected  Tuberculosis* 


By  M.  L.  Holm,  M.D.,  and  E.  R.  Chambers,  B.S.,  Lansing,  Mich. 


DURING  the  last  five  years  considerable  attention  has  been  given  to  the  de- 
termination of  albumin  in  sputum  by  both  qualitative  and  quantitative 
methods  and  numerous  contributions  to  the  literature  on  this  subject  have  been 
made  by  several  writers.  A  review  of  this  literature  is  somewhat  interesting 
but  to  one  without  extensive  personal  experience  such  review  would  seem  rather 
confusing.  The  summary  of  conclusions  drawn  by  different  writers  varies  as  to 
the  value  of  albumin  findings  from  an  opinion  that  the  determination  has  no 
practical  value  in  the  study  of  respiratory  diseases  to  an  opinion  that  it  is  one 
of  our  most  valuable  aids  in  the  diagnosis  of  respiratory  affections.  There  ap- 
pear to  be  just  reasons  for  these  varying  conclusions  based  upon  several  factors. 
Some  of  the  publications  are  the  result  of  study  from  a  number  of  cases  entirely 
too  small  to  justify  any  conclusion  whatsoever.  Some  writers  appear  to  have 
been  biased  in  their  opinion  either  before  their  work  was  begun  or  by  their 
early  results  and  have  thus  failed  to  give  logical  consideration  to  their  findings 
as  a  whole.  Most  important,  however,  is  probably  the  general  lack  of  uniform- 
ity in  methods  pursued  and  the  personal  equation  influencing  the  delicacy  of 
the  reactions  or  determinations  to  be  noted.  Thus  one  writer  reports  albumin 
practically  always  present  in  sputum,  regardless  of  the  disease  and  another  found 
albumin  distinctly  present  in  only  a  little  over  60  per  cent  of  cases  of  open 
tuberculosis,  doubtful  in  27  per  cent,  and  entirely  absent  in  9.4  per  cent  of  tuber- 
culosis patients. 

It  must  be  conceded  that  almost  all  sputa  and  even  normal  saliva  contains 
albumin-like  bodies  that  can  be  detected  or  actually  measured  by  means  of  cer- 
tain well-known  chemical  processes.  It  is  likewise  true  that  after  careful  sep- 
aration of  mucin  many  sputa,  even  though  containing  distinct  quantities,  of  al- 
bumin, may  fail  to  give  certain  of  the  albumin  reactions  especially  to  the  less  ex- 
perienced observers. 

Some  time  ago  wcf  published  a  method  for  the  quantitatixe  dctcrniinalion 
of  albumin  in  sputum  with  potassium  ferrocyanid  which  is  essentially  as  fol- 
lows:  A  quantity  of  sputum,  not  less  than  10  c.c.  is  collected  in  a  dry  receptacle 
in  the  usual  way.  (Samples  containing  blood  should  be  rejected,  as  blood  in- 
variably  contains   albumin.)      After   smears   for   microscopic    examination    have 
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been  made  a  quantity  of  sputum  not  exceeding  10  c.c.  is  poured  into  a  50  c.c. 
graduated  glass-stoppered  cylinder.  To  this  is  added  three  times  its  volume  of 
water  containing  1  per  cent  acetic  acid,  diluting  the  sputum  to  25  per  cent. 
After  vigorous  shaking  with  the  stopper  in  place,  the  mixture  is  filtered  through 
filter  paper  directly  into  a  graduated  centrifuge  tube  and  10  c.c.  collected.  To 
this  is  added  5  c.c.  of  5  per  cent  solution  of  potassium  ferrocyanid  in  water 
and  the  tube  whirled  in  a  centrifuge  for  five  minutes  at  average  speed.  The 
amount  of  albumin  is  most  conveniently  recorded  in  volume  per  cent,  each  0.1 
c.c.  on  the  tube  being  4  per  cent  by  volume  after  correcting  for  the  original 
dilution.  Absolute  accuracy  is  impracticable  in  this  work,  so  only  approximate 
results  should  be  recorded.  If  desired,  the  volume  per  cent  may  be  calculated 
to  weight  per  cent  according  to  the  method  of  Purdy  for  urinalysis. 

We  have  since  the  first  publication  employed  this  procedure  on  over  6,000 
sputa  and  it  has  proved  entirely  satisfactory.  Various  modifications  that  have 
been  proposed  by  others  have  not  been  found  satisfactory  by  us. 

The  6,000  cases  offered  here  are  taken  in  consecutive  order  from  sputa  re- 
ceived from  general  practitioners  in  Michigan  and  represent  what  the  average 
physician  submits  from  what  he  considers  suspected  cases  of  tuberculosis.  Spe- 
cial examination  from  selected  cases  are  not  included  in  the  table.  For  the  pur- 
pose of  convenience  we  have  divided  these  cases  into  two  groups,  namely,  those 
containing  tubercle  bacilli  and  those  not  containing  tubercle  bacilli.  Out  of  the 
total  of  6,000  sputa  examined,  tubercle  bacilli  were  present  in  1,412  and  absent 
in  4,588.     The  albumin  determinations  gave  results  as  follows : 

PRESENT  TUBERCLE  BACILLI  ABSENT 

1,412   Sputa  Examined    4.588 

3%    Albumin  Absent    40.0% 

97%    Albumin  Present   60.0% 

Quantitative  Determination 

5.0%)    Below  y2%  by  volume  14.4% 

3.0%    Between  >^-2%  bv  volume 4.0% 

7.0%    "          2-57c    "        "          8.0% 

10.0%    "          5-10%"        "         9.2% 

36.0%    "        10-25%"        '•         15.4%> 

26.0%    "        25-50%"        "          7.8% 

10.0%    Above  50%          "        "          1.2% 

In  addition  we  have  examined  discharges  from  a  considerable  number  of 
abscesses  as  well  as  secretions  and  exudates  from  various  other  parts  of  the 
body.  Such  abscesses  have  generally  shown  albumin  ranging  in  volume  from 
10  per  cent  to  35  per  cent.  Two  cases  of  pulmonary  edema  gave  albumin  over 
50  per  cent  by  volume.  Twenty-eight  cases  of  pneumonia  in  various  stages  gave 
albumin  ranging  from  10  per  cent  to  50  per  cent  by  volume.  Eleven  cases  of 
pleuritic  effusion,  diagnosed  as  tuberculosis  gave  albumin  above  50  per  cent  by 
volume. 

One  case  of  tuberculosis  of  the  bowel  gave  about  1  per  cent  volume  of  al- 
bumin in  the  stool  and  seven  cases  of  tuberculosis  of  the  kidney  showed  from  10 
to  25  per  cent  of  albumin  by  volume  in  the  urine. 

Our  experience  indicates  that  normal  saliva,  urine,  feces  and  stomach  con- 
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tents,   following  an  Ewald  test  meal,   do  not  show  albumin  by  the  method  we 
have  employed. 

In  urine  a  negative  albumin  reaction  appears  to  us  to  preclude  active  tuber- 
culosis of  the  kidney  and  we  believe  albumin  in  the  urine  is  constantly  associated 
with  active  tuberculosis  in  any  part  of  the  urinary  tract.  The  same  is  probably 
true  of  the  bowel.  Several  writers  state  that  the  finding  of  tubercle  bacihi  in 
the  stool  is  conclusive  evidence  of  intestinal  tuberculosis.  This  appears  to  us 
to  be  an  error  as  we  have  been  able  to  show  that  tubercle  bacilli  can  be  demon- 
strated, with  sufficient  search,  in  the  stool  of  practicaHy  every  case  of  open  pul- 
monary tuberculosis.  Some  tubercle  bacilli  are  inevitably  swahowed  and  pass 
through  the  alimentary  tract.  Soluble  albumins  swallowed  do  not  normally  ap- 
pear in  the  stool  and  the  appearance  of  such  albumin  in  the  stool  generally  in- 
dicates that  an  albuminous  exudate  is  entering  the  lumen  of  the  intestine  low^er 
down. 

In  dealing  with  sputa  the  interpretation  of  results  is  somewhat  difficult. 
The  composition  of  what  is  ordinarily  termed  a  sputa  may  be  rather  complex, 
including  saliva,  discharges  from  the  nose,  and  occasionally  the  accessory  sinuses, 
throat,  lungs  and  even  vomitus.  Rigid  interpretation  of  the  findings  should  sel- 
dom be  made  unless  the  interpreter  is  fairly  certain  that  the  material  examined 
comes  from  the  area  in  question.  The  presence  of  tubercle  bacilli  in  a  sputum 
is  not  in  itself  sufficient  to  indicate  that  we  are  dealing  with  a  pulmonar}^  sputum. 

We  have  been  able  to  show*  from  cases  of  open  pulmonary  tuberculosis  that 
the  bacilli  may  be  found  in  saliva,  in  water  used  for  gargling  the  throat  and  even 
w^ater  used  for  rinsing  the  m.outh.  Such  material  would  obviously  be  relatively 
free  from  albumin.  Further,  tuberculosis  in  a  certain  portion  of  a  lung  does 
not  exclude  other  pathological  conditions  in  different  portions  of  the  respiratory 
passages.  One  patien.t  actually  furnished  in  the  same  day  a  sputum  free  from 
tubercle  bacilli  and  albumin  and  another  containing  a  fairly  large  number  of 
tubercle  bacilli  and  8  per  cent  albumin.  Such  conditions  are  probably  rare,  but 
we  believe  the  possibilities  they  present  offer  satisfactory  explanation  for  the 
low  or  absent  albumin  findings  in  exception  to  the  general  rule. 

It  cannot  be  said  that  there  is  any  specific  relation  between  tuberculosis  and 
the  presence  of  albumin  in  sputum,  for  albumin  appears  to  be  constantly  present 
in  pneumonia,  pulmonary  edema,  and  abscess  of  the  lung  as  in  abscesses  of  other 
parts  of  the  body.  Our  findings  indicate  that  albumin  is  present  in  the  sputum 
of  practically  all  cases  of  active  pulmonary  tuberculosis  and  that  in  over  SO 
per  cent  of  these  the  amount  is  above  10  per  cent  by  volume.  In  chronic  rhinitis, 
pharyngitis,  laryngitis,  bronchitis  and  asthma  albumin  is  generally  absent  or 
present  only  in  traces.  In  acute  conditions  the  findings  are  less  constant,  while 
the  absence  of  albumin  is  the  rule  in  all  superficial  inflammations  of  mucous  mem- 
branes, abrasions  or  lacerations  of  the  surface  epithelium  arc  occasional  ac- 
companiments to  such  cases  and  give  rise  to  serous  or  bloody  exudates  that  con- 
tain albumin  in  abundance.  An  absence  of  albumin  we  believe  excludes  active 
tuberculosis  as  the  source  of  that  particular  sputum. 

The  presence  of  albumin  per  se  therefore  has  no  great  diagnostic  or  prog- 
nostic value  and  it  is  only  when  ([uantitative  determinations  are  considered  to- 
gether with  oilier  findings  that  the  most  valuable  conclusions  may  be  drawn. 
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It  has  been  generally  accepted  that  active  tuberculosis  in  the  various  parts 
of  the  body  gives  rise  to  a  lymphatic  exudate  and  it  has  been  customary  among 
laboratory  men  to  diagnose  tuberculosis  from  effusions  high  in  lymphocytes  when 
coming  from  sources  outside  of  the  lung.  The  same  principles,  however,  do 
not  appear  to  have  been  generally  applied  to  the  study  of  sputa. 

We  believe  that  a  predominance  of  lymphocytes  together  with  high  albu- 
min justifies  the  diagnosis  of  tuberculosis  in  the  absence  of  tubercle  bacilli  from 
a  sputum  exactly  as  well  as  do  the  same  findings  from  a  pleuritic  exudate  or 
spinal  fluid.  Either  albumin  or  lymphocytosis,  however,  taken  alone  is  unre- 
liable and  does  not  justify  such  a  diagnosis. 

The  most  valuable  factor  of  the  albuminous  exudate  as  it  occurs  in  active 
pulmonary  tuberculosis  is  the  fact  that  it  is  independent  of  the  presence  or  ab- 
sence of  tubercle  bacilli  in  the  sputum.  Consequently  it  is  independent  of  whether 
the  lesion  is  open  or  closed.  We  have  therefore  in  the  albumin  determination 
an  index  to  the  activity  of  a  lesion  that  appears  before  the  tubercle  bacilli  are 
found  and  generally  before  secondary  infection  has  taken  place.  Under  such 
conditions  a  high  albumin  associated  with  a  predominance  of  lymphocytes  ap- 
pears frequently  and  early  and  gives  us  a  reliable  basis  for  diagnosis.  As  a  means 
of  prognosis  the  quantity  of  albumin  appears  to  be  a  direct  index  to  the  activity 
of  the  lesion.  \\^e  have  followed  a  considerable  number  of  cases  through  their 
incipiency  and  have  had  the  good  fortune  also  to  follow  some  cases  well  into 
recovery.  The  findings  on  such  cases  indicate  that  albumin  appears  early  be- 
fore tubercle  bacilli  are  present,  diminishing  and  disappearing  with  the  arrest 
of  the  process. 


A  Clinical  Method  for  the  Determination  of  Carbon  Dioxide  in 

Alveolar  Air 


By  J.  J.  R.  Macleod,  M.B.,  Cleveland,  Ohio. 


T^  HE  percentage  of  CO2  in  the  alveolar  air  corresponds  to  the  tension  of  this 
A  gas  in  the  blood,  that  is,  to  the  amount  of  CO2  which  is  in  simple  solution 
in  the  plasma  (Haldane  and  Priestley,  Krogh).  Since  this  tension  of  CO2  in  the 
blood  depends  on  the  equilibrium  between  acids  and  bases  therein  contained,  it 
will  become  less  whenever  an  excessive  amount  of  acids  other  than  COo  is 
present,  just  as  w^ould  be  the  case  if  we  were  to  add  some  strong  acid  to  a  solu- 
tion of  bicarbonate.  In  both  cases,  after  the  immediate  displacement  of  CO2 
by  the  stronger  acid,  a  smaller  amount  of  bicarbonate,  and  therefore  of  free  CO2, 
would  remain  in  the  solution.  When  a  subnormal  percentage  of  CO2  is  present 
in  the  alveolar  air,  therefore,  it  indicates  that  there  is  an  excess  of  fixed  acids 
in  the  blood.  It  indicates  that  a  severe  degree  of  acidosis  exists,  and  is  a  dan- 
ger signal  of  impending  coma.  It  has  been  known  for  long  that  very  low  al- 
veolar CO,  percentages  are  obtained  in  late  stages  of  diabetes,  but  until  re- 
cently the  fact  could  not  well  be  used  for  diagnostic  purposes  because  of  the 
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more  or  less  difficult  method  (of  Haldane)  which  had  to  be  employed  for  the 
estimations.  Fridericia^  has  recently  furnished  us  with  a  sufficiently  accurate 
and  yet  very  simple  method,  which  should  now  make  estimations  practicable  in 
the  clinic. 

This  method  is  as  follows :  The  necessary  apparatus  consists  of  a  U-shaped 
glass  tube  (see  Fig.  i)  with  stopcocks  A  and  B,  as  depicted  in  the  accompany- 
ing figures.  A  is  a  simple  stopcock,  but  B  is  three-way,  as  shown  in  Figs,  ii 
and  III.  Between  these  stopcocks  the  tube  has  a  bulb  blown  on  it  so  that  the 
total  capacity  between  A  and  B  is  exactly  100  c.c,  the  part  of  the  tube  below 
the  bulb  being  graduated  1/10  cubic  centimeters.  A  cylindrical  vessel  large 
enough  to  hold  the  apparatus  and  containing  water  at  room  temperature,  an 
ordinary  evaporating  dish,  a  20  per  cent  solution  of  KOH,  a  saturated  solution 
of  boric  acid,  and  a  rubber  bulb  fitting  to  the  side    tube  C,  are  also  required. 

To  make  an  estimation  the  apparatus  is  first  of  all  rinsed  out  with  the  boric 


acid  solution  (which  absorbs  practically  no  COg).  The  patient  (who  may  be 
lying  in  bed)  is  told  to  take  the  end  of  the  tube,  C,  in  his  mouth  after  an  ordi- 
nary expiration  and  to  blow  out  all  the  air  he  can  through  the  apparatus,  with 
A  and  B  open  as  in  Fig.  i.  \\'hen  he  has  done  this  and  before  removing  the 
apparatus  from  the  mouth,  the  tap  A  is  closed.  The  entire  space  in  the  ap- 
paratus is  now  filled  with  air  which  must  have  come  from  the  alveoli,  since  the 
"dead  space"  of  the  lungs  (i.  e.,  the  mouth,  trachea  and  bronchi)  has  a  capacity 
of  not  more  than  130  c.c,  whilst  the  volume  of  air.  which  e\en  a  weakened  pa- 
tient could  blow  out,  measures  at  least  1,200-1,500  c.c.  The  apparatus  is  now 
placed  for  5  minutes  in  the  clyindcr  of  water  so  as  to  cool  it  down  to  the  tem- 
perature of  the  room,  after  which  it  is  removed  and  the  tap  B  turned  into  the 
position  indicated  in  Fig.  ii.  I'.clween  A  and  B  we  nnw  have  100  c.c.  of  alveolar 
air  at  room  temperature.  The  wider  portion  above  stopcock  A  should  alone  be 
handled  in  removing  the  apparatus,  so  as  not  to  warm  the  gas  in  the  confined 
portion.     (During  the  cooling  process  some  of  the  air  in  the  part  of  the  tube 


'Fridericia,  I,.  S. :     Eine  klinische  Methode  zur  Kestimmung  der  Kohlensaurespanming  in  der  LiiiiRen- 
luft,   Berl.   kliii.    Wchnschr.,   1914,  li,   p.    1268. 
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between  B  and  C  will  have  been  sucked  into  the  graduated  portion  because  of 
shrinkage,  but  this  will  not  vitiate  the  analysis,  because  it  also  is  alveolar  air.) 

It  is  now  necessary  to  ascertain  what  proportion  of  this  100  c.c.  of  air  is 
CO2.  This  is  done  as  follows:  Turn  the  stopcock  B  into  the  position  in  Fig. 
II,  place  the  side  tube  of  the  stopcock  in  an  evaporating  dish  containing  20  per 
cent  KOH,  and  by  means  of  the  rubber  bulb  suck  this  solution  up  to  the  bend 
of  the  tube  C.  Turn  stopcock  B  so  that  it  is  completely  closed,  and  after  care- 
fully removing  the  rubber  bulb  from  C,  again  turn  stopcock  B  as  in  Fig.  i, 
(but  with  A  still  closed)  so  that  some  KOH  solution  runs  into  the  graduated 
portion  of  the  apparatus.  In  doing  this  care  must  of  course  be  taken  that  no  air 
enters  the  graduated  portion.  Stopcock  B  is  now  turned  as  in  Fig.  11  and  the 
KOH  solution  in  the  free  tube  allowed  to  run  out,  after  which  this  stopcock  is 
turned  off  and  the  apparatus  inverted  several  times  so  that  the  KOH  may  ab- 
sorb all  of  the  COo  in  the  confined  air.  The  apparatus  is  now  submersed  in 
the  cylinder  of  water  up  to  stopcock  A  and  B  is  turned,  as  in  Fig.  11,  so  that 
water  can  run  into  the  graduated  tube.  It  will  run  in  because  a  partial  vacuum 
has  been  created  on  account  of  the  absorption  of  CO,.  After  allowing  time  for 
temperature  conditions  to  become  equalized  (5  minutes),  the  apparatus  is  now 
cautiously  raised  until  the  water  inside  and  outside  the  graduated  tube  stands 
on  the  same  level.  Stopcock  B  is  turned  off  and  the  apparatus  removed  and  the 
graduation  read  at  which  the  meniscus  stands.  The  reading  gives  us  directly 
the  percentage  of  COo  in  the  alveolar  air. 
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EDITORIALS 


The  Role  of  Fixed  Tissue  Cells  in  Protecting  the  Body 

Against  Infection 

IT  will  be  remembered  that  the  science  of  immunity,  after  being  founded  on 
the  basic  observations  of  Pasteur  on  active  immunization,  developed  along 
two  parallel  lines, — one  the  investigation  of  the  direct  action  of  serum  constit- 
uents on  the  invading  bacteria  and  their  products,  the  other  centering  upon  the 
activities  of  phagocytic  cells.  These  two  schools  have  more  recently  met  upon 
common  ground  in  the  recognition  of  cooperative  activity  between  plasma  and 
cells.  Though  it  is  generally  not  recognized,  the  idea  that  the  sernm  antibodies 
might  act  upon  the  bacteria  preparing  them  for  phagocytosis  was  expressed  by 
Metchnikofif  himself  early  in  his  investigations.^  However  the  firm  establish- 
ment of  this  fact  was  postponed  until  its  experimental  proof  by  Denys  and  his 
collaborators,  by  Wright  and  by  Neufeld.  Since  its  recognition  there  has  been 
a  general  tendency  to  look  upon  phagocytic  immunity  as  the  perfect  mechanism 
for  protection  and  there  has  been  a  suspicion  that  the  reaction  of  serum  anti- 
bodies and  bacteria  without  the  cooperation  of  phagocytic  cells  might  even  re- 
sult in  injury  rather  than  defense  by  the  liberation  in  such  a  process  of  toxic 
substances  from  the  bacterial  protein,  sul)stances  analogous  at  least  to  those  ob- 
tained by  hydrolytic  cleavage  by  Vaughan.  In  infections  with  such  organisms 
as  the  cholera  spirillum  and  the  typhoid  bacillus,  it  has  been  shown  by  Bordet, 
and  more  recently  by  Gay  and  Claypole,  that  immunized  animals  responded  to 
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reinjection  with  a  leucocytosis  far  in  excess  of  that  following  the  first  injection 
into  normal  animals. 

Although,  therefore,  the  phagocytic  functions  of  the  mobile  leucocytes  have 
been  very  intensively  studied,  yet  insufficient  attention  has  been  paid  to  the 
phagocytosis  carried  on  by  fixed  tissue  cells.  We  have  had  a  vague  understand- 
ing of  such  phagocytic  processes  in  tuberculosis,  leprosy,  blastomycosis,  rhino- 
scleroma,  and  possibly  syphilis,  but  the  difficulty  of  experimentation  has  been 
such  that  little  progress  has  been  made.  It  has  been  known  that  the  cells  of 
the  liver  and  spleen,  young  connective  tissues,  the  dust  cells  or  alveolar^  cells 
of  the  lung,  and  many  other  cellular  elements  not  mobile  in  the  circulation,  could 
take  up  bacteria.  It  has  been  supposed  that  tubercle  bacilli  not  digested  within 
the  polymorphonuclear  leucocytes  were  destroyed  by  the  giant  cells  appearing 
in  tuberculous  lesions,  and  the  writer,  with  Cary,  showed  some  years  ago  that 
rat  leprosy  bacilli  not  injured  morphologically  during  prolonged  sojourn  within 
polymorphonuclear  leucocytes  were  rapidly  digested  in  spleen  cells  grown  in 
vitro.  Adami,-^  moreover,  as  early  as  1899  called  attention  to  the  fact  that,  dur- 
ing normal  life,  living  bacteria  may  enter  the  portal  circulation  to  be  very 
largely  destroyed  in  the  liver,  the  lymphatic  organs  or  the  kidneys,  a  condition 
of  which  he  speaks  as  sub-infection.  However  all  this  work  has  established  no 
definite  relationship  between  fixed-cell  phagocytosis  and  resistance. 

In  a  recent  paper,  which  appears  to  us  very  important  in  its  general  sig- 
nificance, Kyes^  has  demonstrated  a  remarkable  parallelism  between  an  instance 
of  natural  resistance  and  fixed-cell  phagocytosis.  He  chose  for  his  experi- 
ments the  pneumococcus  as  the  infecting  agent  and  the  pigeon  as  the  naturally 
resistant  animal.  Apparently  it  is  impossible  to  produce  symptoms  of  disease 
in  this  animal  with  large  doses  of  virulent  pneumococci,  and  this  has  been 
hitherto  regarded  as  largely  dependent  upon  the  high  body  temperature  of  pig- 
eons. However  Kyes's  experiments  seem  to  show  that  the  temperature  alone 
cannot  explain  the  rapid  disappearance  of  the  bacteria  when  injected  into  this 
animal,  since  96  hours'  exposure  at  43 '^  C.  will  not  destroy  pneumococci,  but, 
injected  into  the  blood  stream,  several  billions  are  taken  up  within  ten  minutes 
and  are  totally  destroyed  within  72  hours.  Kyes's  work  does  not  imply,  nor  does 
he  draw  the  conclusion,  that  the  temperature  has  no  protective  value ;  in  fact, 
it  is  not  impossible  that  the  complete  and  rapid  destruction  of  the  bacteria  is 
made  possible  by  the  high  temperature  and  the  consequent  failure  of  multiplica- 
tion of  those  injected.  However  Kyes  has  discovered  a  mechanism  of  bac- 
terial destruction  which,  though  vaguely  indicated  in  earlier  work,  has  never 
before  been  so  thoroughly  recognized.  He  has  found  that  pneumococci  injected 
into  the  general  blood  stream  in  pigeons  are  rapidly  localized  in  the  liver  and 
spleen  and  then  are  taken  up  within  the  hemophagic  cells,  which,  localized  both 
in  the  liver  and  spleen,  are  supposed  normally  to  serve  the  function  of  red  blood 
cell  destruction.  The  rapid  destruction  of  the  pneumococci  by  these  cells  is 
shown  definitely  by  Kyes's  work  to  constitute  a  very  important  factor  in  freeing 
the  animal  body  of  the  invaders. 

This  work  is  remarkably  similar  in  tendency  to  the  work  of  BulP  of  the 
Rockefeller  Institute  on  the  removal  of  typhoid  bacilli  injected  into  normal 
rabbits,  in  which  Bull  has  for  the  first  time  demonstrated  a  possible  immuno- 
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logical  function  for  agglutinins.  It  appears  that  the  injected  bacilli  rapidly  dis- 
appear from  the  circulating  blood.  They  are  intravascularly  agglutinated  and 
the  clumped  bacilli  are  taken  up  by  polymorphonuclear  leucocytes  and  other  cells 
in  the  liver  and  the  spleen.  A  similar  destruction  of  pneumococci  in  the  liver 
and  spleen  has  been  shown  to  occur  by  Berry  and  Melick,''  after  intraperitoneal 
injection. 

These  observations  have  fortified  the  rapidly  growing  impression  that,  in 
the  removal  of  bacteria  from  animal  bodies,  the  fixed  tissue  cells  may  play  a 
much  larger  part  than  hitherto  suspected.  They  are,  furthermore,  gradually 
strengthening  our  belief  that  very  little  actual  importance  is  to  be  attached  to 
the  bactericidal  processes  in  the  serum,  which,  indeed,  may  play  a  very  second- 
ary part  in  protection. 
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The  Epiphysis  {The  Pineal  Gland) 

THE  epiphysis  is  formed  at  the  caudal  end  of  the  diencephalic  roof.  It  con- 
sists originally  of  a  thin  ependymal  diverticulum  between  the  posterior 
commissure  and  the  hebenular  commissure.  Subsequently  its  walls  are  thick- 
ened and  incorporate  some  of  the  adjacent  vascular  mesoderm  to  form  the  adult 
organ  (Streeter^).  The  epiphysis  is  therefore  essentially  an  epiblastic  organ,  a 
fact  which  makes  it  difficult  to  account  for  the  further  fact  that  the  most  fre- 
quently encountered  tumors  affecting  it  are  teratomas. 

The  evidence  which  connects  the  pineal  gland  with  disturbances  of  growth 
and  function  of  the  body  is  incomplete,  and  is  even  less  satisfactory  than  that 
concerning  the  thymus. 

It  is  probable  that  the  inaccessibility  of  the  pineal  has  been  tlie  reason  for 
the  fact  that  very  little  experimental  work  has  been  carried  out  in  connection 
with  this  gland,  and  for  the  unsatisfactory  results  of  experiments,  and  that  so 
little  is  known  of  its  possible  function.  Up  to  within  very  recent  years  all  that 
has  been  suspected  of  it  has  been  based  almost  alone  upon  clinical  data.  It  is 
true  that  since  1910  several  investigators  have  made  attempts  to  gain  experi- 
mental data,  but  the  great  difficulties  of  operative  procedures  were  not  sur- 
mounted until  1915  when  Dandy  perfected  a  technic  which  permitted  a  quick- 
complete  removal  after  a  very  brief  operation.  It  is  perhaps  unfair  to  a  gland 
to  draw  conclusions  regarding  its  place  in  the  economy  when  the  operative  pro- 
cedure alone  produces  a  death  rate  of  75  out  of  95  animals  (Exner  and  Boese), 
or,  in  another  series,  of  \2  dut  nf  15  (Sarteschi"). 

The  clinical  data  which  have  stiggested  that  pineal  abnormalities  arc  as- 
sociated with  sexual  precocity  and  adipose  overgrowth,  are  derived  chiefly  from 


528  The  Journal  of  Laboratory  and  Clinical  Medicine 

the  cases  of  Heubner  (Oestreich  and  Slawyk),  Ogle,  Machell,  Frankl-Hoch- 
wart,  and  Raymond  and  Claude,  in  which  the  pineal  was  the  seat  of  a  teratoma. 
The  experimental  data  emanate  from  the  feeding  experiments  of  McCord,  Dana, 
Berkeley,  Goddard,  Goddard  and  Cornell.  The  clinical  data  have  come  as  a 
rule  from  cases  in  which  the  pineal  has  been  involved  in  a  tumor  growth,  and 
therefore  they  are  unsatisfactory,  because  under  such  circumstances  one  does 
not  know  to  what  extent  other  neighboring  organs  are  modified,  directly  or  in- 
directly by  the  growth.  It  is  an  interesting  fact  that  the  tumors  in  such  cases 
have  been  almost  without  exception  teratomas. 

Since  Heubner's  report  of  his  case  in  which  a  teratoma  of  the  pineal  was 
found  at  autopsy  by  Oestreich  and  Slawyk,^  the  attention  of  clinicians  was 
focused  upon  the  possibility  that  cases  showing  sexual  precocity  with  or  with- 
out similarly  pronounced  adiposity,  were  the  subjects  of  pineal  lesions.  Later 
Marburg^  from  a  study  of  the  cases  reported  in  the  literature  and  his  own 
(about  forty  in  all),  scheduled  his  conception  regarding  hypopinealism,  hyper- 
pinealism  and  apinealism,  by  which  he  introduced  what  he  believed  to  be  pineal 
complexes,  by  clinical  study  of  which  he  could  say  that  hypopinealism  was  as- 
sociated with  sexual  precocity,  obesity  with  hyperpinealism,  and  cachexia  with 
apinealism.  This  seemed  to  indicate  that  hypophyseal  lesions  and  pineal  lesions 
tended  in  opposite  directions,  for  while  Frohlich's  syndromes  might  result  for  un- 
deractivity of  the  pituitary,  an  indistinguishable  syndrome  could  follow  overac- 
tivity of  the  pineal. 

Marburg  believed  that  the  pineal  was  a  functionally  active  gland  only  dur- 
ing the  earlv  years  of  life,  and  that  during  this  period,  it  inhibited  the  develop- 
ment of  the  sexual  side  of  growth,  and  that  with  its  gradual  involution  during 
youth,  its  inhibitions  were  also  gradually  lost,  until  at  the  period  of  maturity, 
the  pineal  no  longer  had  a  necessary  part  to  play  in  the  economy.  It  seemed 
possible,  following  this  conception,  that  if,  before  involution  was  complete,  the 
pineal  was  destroyed,  sexual  and  somatic  development  would  go  on  apace  re- 
lieved of  the  normal  pineal  inhibitions.  It  should  be  remembered,  as  Dandy 
says,  that  the  whole  structure  of  Marburg's  hypothesis  was  based  upon  clinical 
and  anatomical  studies  only,  and  not  upon  experimental  work. 

In  1910,  experimental  attempts  to  extirpate  the  gland  were  undertaken  by 
Exner  and  Boese*  who  were  able  to  discover  no  changes  after  incomplete  or 
complete  removal.  Other  experimental  work  has  contradicted  these  results  (Sar- 
teschi,  Foa).  However  the  operative  experimental  results  are  no  more  contra- 
dicting than  those  based  upon  treatment  with  gland  extracts  or  feeding  of  the 
gland  substance.  In  the  operative  examples,  however,  the  value  of  the  work 
is  modified  by  the  technical  difficulties  which  were  not  surmounted. 

No  less  contradictory  than  the  results  of  operative  experiments  have  been 
those  of  feeding.  McCord^  fed  guinea-pigs,  chickens  and  dogs  with  pineal 
materials  and  believed  that  this  treatment  produced  precocious  sexual  changes, 
accompanied  by  an  increase  in  weight,  and  also  accentuation  of  the  mental  con- 
dition in  the  direction  of  precocity,  and  Dana  and  Berkeley*^  reported  weight  in- 
creases above  the  normal  in  guinea-pigs,  rabbits  and  kittens.  In  fifty  children 
who  were  given  pineal  injections,  however,  growth   in  height  and  weight  was 
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less  marked  than  in  controls,  but  there  was  a  certain  mental  effect  which  was 
analogous  to  that  which  McCord  had  recorded  in  his  puppies. 

Dandy'  summarizes  the  results  of  experimental  work  up  to  the  time  of  his 
own  report  as  follows:  "Adiposity  may  result  by  feeding  pineal  extract  (Mc- 
Cord, Dana,  and  Berkeley)  or  by  complete  or  partial  removal  of  the  pineal 
(Sarteschi).  Sexual  and  somatic  precocity  may  result  from  feeding  pineal  ex- 
tracts (McCord,  Dana,  and  Berkeley),  or  from  partial  or  complete  removal  of 
the  pineal  body  (Foa,  Sarteschi),  or  nothing  may  result  from  its  partial  or  com- 
plete destruction  (Exner  and  Boese)." 

It  was  with  the  object  of  shedding  a  little  light  into  the  shady  pineal  region 
that  Dandy  perfected  and  put  into  practice  an  operative  procedure  which  is 
free  from  objection.  Little  trauma  is  produced  upon  the  brain.  lyittle  or  no 
hemorrhage  results,  and  the  pineal  can  be  removed  completely.  He  has  made 
a  series  of  studies  upon  young  puppies,  from  ten  days  to  three  weeks  old,  and 
also  in  several  adult  dogs  of  both  sexes.  His  results  are  striking  and  confirm 
those  of  Exner  and  Boese,  in  that  no  evidence  was  obtained  of  any  somatic, 
sexual  or  mental  effects  in  the  direction  of  inferiority  or  superiority.  The  con- 
clusion seems  to  be,  and  Dandy  reaches  it,  that  the  pineal  is  not  essential  to  life 
and  seems  to  have  no  effect  upon  the  well-being  of  animals. 
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Some  Recent  Contributions  to  Our  Knowledge  Concerning  the 

Metabolism  of  Fat 

'T^HE  mechanical  view  of  the  absorption  of  fat  by  the  intestinal  epithelium  has 
-I-  now  been  entirely  replaced  by  the  chemical  view.  According  to  this  the 
fat  is  split  by  the  agency  of  the  "lipase"  of  the  pancreatic  juice  in  the  upper 
levels  of  the  intestine  into  fatty  acid  and  glycerine.  The  fatty  acid  becomes 
combined  either  with  alkali  or  with  the  bile  salts.  Unlike  the  faltv  acids  them- 
selves the  soap  and  the  compound  of  bile  salts  with  fatty  acids  are  soluble  in 
the  water  of  the  intestinal  contents.  The  dissolved  glycerine  and  fatty  acid  are 
separately  absorbed  into  the  intestinal  epithelium,  in  the  iirotoplasm  of  which 
they  re-combine  to  form  neutral  fat.  The  neutral  fat  thus  produced  gradually 
finds  its  way  from  the  epithelial  cells  to  the  central  lacteals  of  the  villi,  and  thence 
by  way  of  the  thoracic  duct,  into  the  blood  stream. 

A  most  important  application  of  this  view  is  that  substances  other  than 
fat  will  not  be  absorbed  by  the  intestinal  epithelium,  however  like  fat  they  may 
be  in  their  physical  properties  (i.  e.,  emulsify  well  with  dilute  alkali,  dissolve  in 
the  fat  solvents,  melt  at  the  body  temperature).  Petroleum  emulsion,  for  ex- 
ample, according  to  physical  and  microscopic  examination,  may  be  in  every  re- 
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gard  identical  with  an  emulsion  of  neutral  fat,  and  yet  if  a  compound  emulsion 
composed  partly  of  neutral  fat  and  partly  of  some  petroleum  be  administered  to 
an  animal,  it  will  be  found  that  all  of  the  neutral  fat  is  absorbed,  but  none  of 
the  petroleum.  This  can  be  demonstrated  either  by. examination  of  the  feces  or 
of  the  lymph  flowing  from  the  thoracic  duct  during  the  absorption  of  the  emul- 
sion. Experiments  of  this  type  were  performed  several  years  ago  by  Henriques 
and  Hansen,  but  the  results,  as  stated  above,  were  challenged  by  Bradley,  who 
claimed  to  find  some  of  the  petroleum  absorbed.  It  has  recently  been  shown 
by  Bloor,^'  ^  however,  that  the  former  investigators  were  correct.  Obviously 
such  an  experimental  result  once  and  for  all  disproves  the  mechanistic  theory 
of  fat  absorption. 

Not  only  petroleums,  but  fat-like  substances  which  are  incapable  of  being 
attacked  by  the  lipase  of  pancreatic  juice,  also  fail  to  be  absorbed,  for  example, 
wool  fat,  which  is  a  compound  of  cholesterol  and  fatty  acid.  Now,  one  char- 
acteristic of  all  these  substances  that  are  not  absorbed  is  that,  although  physical- 
ly, and  in  many  regards  chemically  identical  with  fat,  they  fail  to  be  reduced 
to  a  water-soluble  condition  in  the  intestine.  They  are  soluble  in  fat  and  in 
fat-solvents,  but  they  are  incapable  of  saponification  in  the  intestine. 

It  might  be  objected  to  the  above  conclusions  that,  although  undetectable, 
there  is  really  some  essential  physical  difference  between  emulsified  fat  and  emul- 
sified hydrocarbon.  In  order  entirely  to  prove  the  case  for  the  chemical  theory, 
it  is  necessary  to  feed  a  neutral  fat  possessing  some  characteristic  that  depends 
on  the  manner  of  union  existing  between  the  fatty  acid  and  glycerine,  and  then 
to  see  whether  it  appears  in  an  unchanged  condition  in  the  thoracic  duct.  If  it 
does  so,  the  fat  must  have  been  absorbed  through  the  intestinal  epithelium  in 
an  unbroken,  unsaponified,  condition,  for  it  is  unlikely,  in  the  resynthesis  which 
occurs  in  the  intestinal  epithelium,  that  the  fatty  acid  molecules  would  re-com- 
bine with  the  glycerine  molecules  in  exactly  the  same  manner  as  before. 

There  are,  however,  but  very  few  qualities  of  neutral  fat,  apart  from  those 
of  the  fatty  acids  which  compose  them,  by  which  they  can  be  characterized.  The 
most  likely  one  is  that  of  optical  activity.  None  of  the  ordinary  fats  is  optically 
active,  although  from  chemical  considerations  it  is  quite  conceivable  that  they 
might  become  so.  In  order  to  obtain  such  a  fat  Bloor*'  ^  conducted  numerous 
experiments  with  the  esters  of  stearic  acid.  He  prepared  an  optically  active 
mannitan  di-stearate,  but  found  it  to  have  a  very  high  melting  point  and  to 
be  only  half  as  digestible  as  the  ordinary  fats.  Its  absorption  was  too  slow  and 
unsatisfactor}^  to  make  it  suitable  for  the  above  purposes.  He,  therefore,  pro- 
ceeded to  prepare  the  di-ester  of  isomannitan  with  lauric  acid,  and  he  found 
the  resulting  compounds  to  be  as  well-absorbed  as  ordinary  fat,  and  yet  to 
possess  very  marked  dextro-rotatory  power,  which  of  course  they  lose  on  saponi- 
fication. This  fat  seemed  suitable  therefore  for  testing  the  above  question.  In 
a  series  of  experiments,  Bloor  fed  insomannid-di-laurate  and  by  examination  of 
the  neutral  fat  present  in  the  chyle  flowing  from  the  thoracic  duct,  found  no 
evidence  of  the  dextro-rotatory  fat.  This  result  confirms  previous  work  by 
Frank,  who  found  that  the  ethyl  esters  of  fatty  acids  are  not  absorbed  unchanged. 
The  results  of  both  groups  of  workers  emphasize  the  probability  that   readily 
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saponifiable  fatty  acid  esters  do  not  escape  saponification  under  the  favorable 
conditions  of  the  normal  intestine.  In  other  words,  had  the  fats  been  absorbed  un- 
changed, as  would  be  required  by  the  mechanistic  theory  of  fat  absorption,  they 
would  have  appeared  in  the  chyle  in  optically  active  condition. 

These  most  important  conclusions  lead  us  to  inquire  as  to  the  reason  for 
this  change  in  fat  during  its  absorption.  It  cannot  be  for  the  purpose  of  pre- 
venting the  absorption  of  undesirable  fatty  substances,  such  as  the  petroleum 
hydrocarbons  or  the  wool  fats,  because  such  substances  are  so  rarely  present 
in  our  food.  It  is  most  probable  that  the  breakdown  and  resynthesis  of  neutral 
fat  occurs  for  the  same  reason  that  similar  processes  occur  during  the  absorp- 
tion and  assimilation  of  protein.  It  will  be  remembered  that  protein  is  entirely 
disintegrated  in  the  intestine  into  its  so-called  building  stones.  These  are  ab- 
sorbed separately  into  the  blood,  which  carries  them  to  the  tissues,  in  which 
they  become  resynthesized  to  form  the  body  protein.  And  so  it  appears  to  be 
in  the  case  of  fats.  The  process,  in  other  words,  permits  of  the  rearrangement 
of  fatty  acid  molecules,  as  a  result  of  which  the  newly  formed  fat  is  more  adapt- 
able for  use  in  the  organism.  It  comes  to  be  more  like  the  characteristic 
fat  of  the  animal.  There  may  be  another  reason  for  the  process.  It  will 
be  remembered  that  lecithins,  which  constitute  the  most  important  of  the 
fatty  substances  of  the  cell  itself,  are  mixed  glycerides,  that  is  to  say.  are  com- 
pounds containing  a  variety  of  fatty  acids.  The  rearrangement  of  the  molecule 
of  neutral  fat  which  occurs  during  absorption  may  be  the  first  step  in  the  trans- 
formation of  fat  into  lecithin. 

In  order  to  throw  further  light  on  the  question,  Bloor  has  performed  a 
number  of  interesting  experiments  in  which  he  compared  the  chemical  prop- 
erties of  fats  before  and  after  their  absorption.  The  criteria  which  he  took 
were  melting  point,  iodine  value  and  mean  molecular  weight;  the  melting  point 
represents  the  solidity  of  the  fat,  and  the  iodine  value,  its  degree  of  unsatura- 
tion,  that  is,  the  number  of  double  links  that  exist  in  the  fatty  acid  chain.*  Bloor 
found  that  during  absorption  very  considerable  changes  in  these  two  character- 
istics occur.  For  example,  when  fat  with  high  melting  point  and  low  iodine 
value  was  fed,  the  fat  in  the  thoracic  lymph  was  found  to  give  fat  of  distinctly 
lower  melting  point  and  higher  iodine  value.  When  fat  with  a  low  melting 
point  and  high  iodine  value  was  fed,  the  reverse  change  occurred,  for  the  melt- 
ing point  of  the  thoracic  lymph  fat  was  higher  and  the  iodine  value  lower. 
These  results  in  the  first  case  could  i)e  explained  as  due  to  the  addition  of  oleic 
acid  to  the  fat  during  its  synthesis  in  the  intestinal  epithelium,  and  in  the  second 
case  to  the  addition  of  some  saturated  fatty  acid,  ^^'hcn  a  fat  was  fed  con- 
sisting mainly  of  glyceride  of  saturated  fatty  acid,  but  having  a  low  melting 
point,  the  addition  of  oleic  acid  was  still  found  to  occur,  as  judged  from  the 
iodine  value.  This  leads  us  to  conclude  that  the  change  which  occurs  is  not 
merely  m  order  that  the  melting  point  of  the  absorbed  fat  may  be  lowered,  but 
also  for  some  chemical  reason.  In  a  fourth  series  of  experiments,  a  lowering 
of  iodine  value  occurred  after  feeding  with  a  fat.  namely,  cod-liver  oil,  which 
already  contained  a  high  percentage  of  glyceride  of  very  unsaturated  fatty  acid. 

'These   estimations   were   rcallv  made   on    tlie   isolated    fattv   acids. 
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Evidently  then  the  intestine  possesses  the  power  of  modifying  the  composition 
of  fat  dui-ing  its  absorption,  and  this  modification  is  apparently  of  such  a  nature 
that  it  causes  a  change  toward  the  production  of  a  uniform  chyle  fat,  presum- 
ably the  characteristic  of  the  animal  body.  It  remains  of  interest  in  this  con- 
nection to  consider  the  source  of  the  oleic  acid  or  of  the  saturated  acid  required 
for  this  synthesis.  Bloor  quotes  work  by  other  observers  to  show  that  the 
changes  are  probably  greater  than  could  be  produced  by  admixture  of  the  ab- 
sorbed fat  with  the  fat  present  in  the  normal  fasting  chyle. 

Important  work  has  recently  been  done  concerning  the  fat  present  in  the 
blood.  Normally  the  blood  contains  only  a  small  percentage  of  fat,  but  after 
a  fatty  meal  it  may  contain  so  large  an  amount  that  the  fat  actually  rises  to 
the  surface  of  the  blood  like  a  cream.  By  means  of  the  ultra-microscope,  exam- 
ination of  the  blood  in  the  dark  field  after  a  rich  meal  reveals  the  presence  of 
glancing  particles,  the  so-called  "fat-dust."  These  particles  are  most  abundant 
about  six  hours  after  the  meal  has  been  taken,  and  they  gradually  disappear 
again  by  the  twelfth  hour.  These  facts  have  been  known  for  some  time,  but  it 
has  been  impossible,  either  on  account  of  the  large  quantities  of  blood  required 
for  a  chemical  examination  cr  because  of  the  inability  to  estimate  the  amount 
of  fat  from  the  density  of  the  "fat-dust,"  to  follow  with  any  great  degree  of 
accuracy  the  exact  changes  that  take  place  in  the  fat  of  the  blood.  It  is,  there- 
fore, a  most  important  contribution  that  Bloor  should  have  succeeded  in  elab- 
orating a  method  by  which  the  fat-content  of  the  blood  can  be  fairly  accurately 
estimated,  using  only  small  quantities  of  blood.  This  perrnits  of  a  continuous 
series  of  observations  over  a  considerable  period.  In  Bloor's  method,®  the  fat 
is  extracted  from  the  blood  by  an  alcohol-ether  mixture  with  moderate  heat. 
An  aliquot  portion  of  the  filtrate  is  evaporated  in  the  presence  of  sodium  ethyl- 
ate;  this  saponifies  the  fat.  The  residue  consisting  of  soap  is  well  washed  and 
is  then  treated  with  hydrochloric  acid  so  as  to  precipitate  the  fatty  acid.  The 
density  of  the  precipitate  thus  produced  is  compared  in  an  optical  apparatus, 
called  a  nephelometer,  with  a  standard  solution  of  two  milligrams  of  oleic  acid, 
treated  in  the  same  w^ay.  The  lecithin  and  cholesterol  may  also  be  estimated  in 
the  same  blood  extract. 

For  lecithin^  the  above  extract  of  blood,  after  the  removal  of  the  alcohol 
and  ether,  is  digested  by  heating  with  concentrated  HNO3  and  HjSO^.  This 
decomposes  the  lecithin,  liberating  the  phosphorus,  a  solution  of  the  resulting 
ash  being  rendered  faintly  alkaline  to  phenolphthalein  and  then  slowly  added  to 
a  silver  nitrate  solution.  The  density  of  the  precipitate  thus  produced  is  com- 
pared in  the  nephelometer  with  a  precipitate  produced  in  the  same  amount  of 
silver  nitrate  by  adding  to  it  a  standard  phosphoric  acid  solution. 

For  cholesterol  an  aliquot  portion  of  the  above  extract  is  saponified  with 
sodium  ethylate  and  then  saturated  wdth  choloroform ;  the  chloroform  extract 
is  mixed  with  acetic  anhydride  and  H2SO4  (con.)  until  the  bluish  color  is  fully 
developed  (Liebermann  reaction),  the  intensity  of  which  is  then  compared  in  a 
colorimeter  with  that  obtained  by  similar  treatment  from  a  standard  cholesterol 
solution. 

By  the  use  of  these  methods  Bloor  has  made  a  careful  study  of  the  varia- 
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tion  in  the  fat  content  of  the  blood  under  normal  conditions  in  dogs.  He  has 
found*'  that  the  percentage  of  fat  is  remarkably  constant  under  normal  condi- 
tions, which,  he  says,  probably  indicates  that  in  man  also  this  is  the  case.  The 
examination  of  the  blood  after  a  fatty  meal  showed  that  the  increase  in  fat  con- 
tent began  in  about  an  hour,  and  reached  its  maximum  in  about  six.  This  in- 
crease was  not  found  in  animals  in  which  the  thoracic  duct  had  been  ligated. 
Although  this  result  would  seem  to  contradict  the  view  which  some  have  held, 
that  part  of  the  fat  which  cannot  be  accounted  for  in  the  thoracic  duct  lymph 
is  absorbed  by  way  of  the  portal  vein,  Bloor  does  not  commit  himself  on  this 
point,  but  merely  states  the  result  and  calls  attention  to  previous  work  by 
d'Errico  to  the  efifect  that  the  fat  content  of  the  portal  blood  is  always  higher 
than  that  of  the  jugular. 

Very  interesting  results  were  obtained  following-  the  intravenous  injection 
of  emulsions  of  oil,  either  the  so-called  casein  emulsion  or  colloidal  suspensions. 
Up  to  a  dose  of  0.4  gm.  per  kilogram  of  body  weight — which  by  calculation 
would  suffice  to  raise  the  fat  content  of  the  blood  by  100  per  cent — these  caused 
no  increase  in  fat  content.  In  order  to  explain  this  disappearance  of  fat,  it 
might  be  imagined  that  the  injected  fat  particles  formed  emboli  in  the  smaller 
capillaries.  Against  such  a  view  however  is  the  fact  that  the  particles  of  fat  in 
these  emulsions  were  one-half  to  one-seventh  the  size  of  a  red  corpuscle.  Al- 
though this  argument  is  no  doubt  of  some  weight,  it  ought  to  be  remembered 
that  the  physical  condition  of  these  fine  fat  globules  is  not  the  same  as  that  of 
the  red  blood  corpuscle.  Their  surface  condition  may  be  such  that  they  readil}'- 
agglutinate  so  as  to  form  small  masses  which  may  stick  at  the  branching  of 
the  smaller  arterioles  and  capillaries.  Bloor  himself  suggests  that  the  injected 
fat  may  be  stored,  possibly  in  the  liver,  since  the  fat  in  this  organ,  as  we  shall 
see  later,  increases  in  similar  experiments.  When  twice  the  above  quantity  of 
fat  was  fed  in  the  form  of  egg-yolk  fat,  some  of  it  persisted  in  the  blood  for 
several  hours.  This  increase  may  have  been  due  to  the  flooding  of  the  tem- 
porary storehouse  with  fat,  or,  more  probably,  to  a  retarding  influence  which 
lecithin  may  have  on  fat  assimilation.  That  lecithin  itself  persists  in  the  blood 
for  a  long  time  after  intravenous  injection  had  previously  been  demonstrated  by 
Xerking. 

A  careful  study  was  also  made  of  the  blood-fat  during  fasting.  No  in- 
crease was  found  unless  the  animal,  by  special  feeding,  had  been  stuffed  with 
excess  of  fat  prior  to  the  fasting  period.  Narcotics  were  found  to  produce  an 
increase  in  blood-fat,  but  ether  produced  this  increase  during  the  narcosis, 
whereas  morphine  and  chloroform  did  not  do  so  until  after  recovery.  The  ex- 
planation given  for  the  ether  effect  is  that  a  mixture  of  blood  and  ether  has 
higher  solvent  power  for  fat  than  blood  alone.  The  explanation  for  the  chloro- 
form and  morphine  efifects  is  that  a  certain  amount  of  breakdown  of  the  tissue 
cells,  in  which  lipins  are  set  free,  supervenes  upon  the  action  of  these  narcotics. 
At  the  conclusion  of  this  paper  Rloor  suggests  that  there  may  be  two  places  in 
the  body  in  whicli  surplus  fat  is  stored:  (1)  a  temporary  storehouse,  from  which 
the  fat  is  readily  taken  up  and  liberated,  but  which  is  (^f  limited  capacity,  and 
(2)  a  more  permanent  storehouse,  into  wliich  the  fat  is  slowly  taken  up.  but 
the  capacity  of  which   is  very  much   greater.     The  temporary   storehouse   may 
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be  under  the  control  of  some  quickly  acting  fat-regulating  mechanism,  like  that 
of  the  glycogenic  function  of  the  liver. 

Most  suggestive  further  observations  by  the  same  worker  have  recently 
appeared."  By  comparison  of  the  fat  acid,  lecithin,  and  cholesterol  content  of 
blood  during  fat  absorption,  it  has  been  found  that  there  is  a  steady  but  very 
variable  increase  in  fatty  acid,  accompanied  by  no  variation  in  cholesterol,  but 
w^ith  an  increase  in  lecithin,  which  varies  from  10-35  per  cent,  but  does  not  run 
strictly  parallel  with  the  fatty  acid  increase.  It  is  pointed  out  that  this  in- 
crease in  lecithin  may  represent  that  part  of  the  absorbed  fat  which  is  intended 
for  immediate  use  in  the  tissues.  The  more  or  less  independent  increase  in  leci- 
thin observed  in  these  experiments  is  of  significance  in  connection  with  the  fact, 
which  has  recently  been  established,  that  in  many  pathological  conditions  of  so- 
called  lipemia  the  increase  does  not  affect  the  fats  of  the  blood  but  rather  the 
lipoids  ( i.  e.,  lecithin  and  cholesterin).  In  yet  unpublished  work  communi- 
cated to  the  Biochemical  Society  in  December  last.  Bloor  has  found  that  sep- 
arate analysis  of  blood  plasma  and  whole  blood  shows  the  increase  of  lecithin 
to  be  much  more  marked  in  the  corpuscles  than  in  the  plasma,  whereas  the  fatty 
acid  increase  is  confined  to  the  plasma. 

Besides  the  temporary  and  permanent  fat  storehouses  (the  so-called  fat  de- 
pots), there  are  two  other  places  in  the  animal  body  where  fat  exists,  namely, 
the  protoplasm  of  the  tissue  cells  and  the  liver.  The  immediate  function  of  the 
fat  in  each  of  these  places  is  not  the  same.  In  the  depots,  such  as  the  sub- 
cutaneous tissue  and  the  mesentery,  the  fat  exists  purely  for  storage  purposes ; 
in  the  protoplasm  of  the  tissue  cells  it  exists  for  the  purpose  of  being  oxidized 
to  liberate  the  stored  energ}^;  and  in  the  liver  it  appears  to  exist  for  the  pur- 
pose of  being  prepared  for  combustion  in  the  tissues.  It  is  of  great  practical 
importance,  therefore,  that  chemical  methods  should  have  been  found  which  en- 
able us  to  distinguish  the  characteristic  properties  of  each  of  these  types  of  fat. 
The  chemical  properties  which  have  been  used  for  this  purpose  are  the  iodine 
value  and  the  percentage  yield  of  fatty  acid  of  the  fat.  The  iodine  value  is  a 
measure  of  the  unsaturated  fatty  acids  present  and  is  highest  in  the  tissue  fat, 
lowest  in  the  depot  fat,  and  it  usually  occupies  an  intermediate  but  variable  posi- 
tion in  the  case  of  liver  fat.  The  percentage  of  fatty  acid  indicates  the  size 
of  the  molecule  into  which  the  fatty  acid  is  built,  being  high  in  the  case  of  the 
simple  glycerides  (neutral  fat)  and  low  in  the  case  of  the  phospho-lipins  (leci- 
thin, etc.).  This  percentage  is  lowest  in  the  tissue  fat.  highest  in  the  depot  fat. 
and  like  the  I-value  it  usually  occupies  an  intermediate  but  variable  position  in 
the  fat  of  the  liver.  These  chemical  differences  between  the  depot,  the  tissue 
and  the  liver  fat  have  made  it  perfectly  clear  that  the  ordinary  history  of  fat 
consists  in  its  deposition  in  the  depots  and  the  subsequent  withdrawal  of  this 
fat  for  combustion  purposes  in  the  tissues,  an  intermediate  stage,  however,  be- 
ing transportation  to  the  liver,  where  it  is  prepared  for  tissue  consumption.  The 
nature  of  this  preparation  of  fat  which  occurs  in  the  liver  has  been  very  care- 
fully and  thoroughly  studied  by  J.  B.  Leathes  and  his  pupils.  It  is  work  the 
initial  stages  of  which  were  completed  several  years  ago,  and  to  which  contri- 
butions are  every  now  and  then  being  made. 
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Of  the  recent  contributions  those  of  Coope  and  Mottram  deserve  especial 
mention. ^^'  ^-'  ^^  These  authors  have  observed  that  infihration  of  the  liver  with 
fat  occurs  during  pregnancy  and  early  lactation  in  laboratory  animals,  particu- 
larly in  the  rabbit.  They  point  out  that  all  evidence,  so  far,  that  fat  may  migrate 
from  the  depots  to  the  liver  has  been  furnished  by  observations  on  animals  un- 
der abnormal  conditions ;  for  example,  either  in  phosphorus  or  phlorhizin  poison- 
ing in  laboratory  animals,  or  as  a  result  of  disease  in  man,  as  in  cyclical  vomit- 
ing, diabetes,  etc.  The  above  authors  found  that  the  fatty  acid  deposited  in  the 
liver  in  late  pregnancy  gives  an  I-value  which  lies  nearer  to  that  of  the  mesenteric 
fattv  acid  than  is  the  case  in  normal  animals.  Mottram  concludes  that  "where- 
ever  .  .  .  there  is  abundant  fat  metabolism,  the  liver  is  found  to  be  infiltrated 
with  fats,  presumably  to  be  handed  on  elsewhere  when  worked  up."^^  It  is  in- 
teresting that  the  fetus  is  greedy  of  unsaturated  fatty  acids. 

A  practical  clinical  application  of  the  above  work  is  that  fats  will  be  more 
readily  utilized  by  the  body  when  they  contain  a  high  percentage  of  unsaturated 
fatty  acids.  It  is  probably  for  this  reason  that  Norwegian  cod-liver  oil  is  of 
such  undoubted  nutritive  value.  It  is  much  more  so  than  Newfoundland  cod- 
liver  oil  because  in  the  preparation  of  this  variety  oxidation  occurs,  thus  mak- 
ing it  no  longer  unsaturated.  Fish  oils  in  general  are  more  unsaturated  than 
other  animal  oils,  and  are  for  this  reason  more  nutritious. 

The  high  percentage  of  unsaturated  fatty  acid  in  the  liver  as  compared 
with  that  in  the  depots  need  not,  however,  necessarily  indicate  that  the  liver  has 
produced  the  desaturation,  for  it  might  be  that  his  viscus  has  high  attractive 
power  for  unsaturated  acids  that  is  to  say,  that  unsaturated  acids  circulating  in 
the  organism  are  especially  appropriated  by  the  liver  cells.  In  order  to  test  the 
hypothesis  that  the  process  of  desaturation  does  really  go  on  in  the  liver,  Raper^° 
after  trying  various  methods  studied  the  I-value  of  the  volatile  fatty  acids  of 
the  liver  after  feeding  or  injecting  animals  with  cocoanut  oil.  This  oil  is  vola- 
tile in  steam,  the  distillate  being  saturated,  that  is  to  say,  having  no  iodine  value. 
Although  such  a  distillate  of  normal  liver  has  a  certain  iodine  value  of  its  own, 
it  was  hoped  that  after  feeding  cocoanut  oil  a  change  might  occur  in  the  distillate 
from  the  liver,  indicating  that  desaturation  of  the  absorbed  or  injected  fatty 
acids  had  occurred.  It  was  found  in  some  experiments  that  the  volatile  oils 
obtained  from  the  liver,  after  giving  the  cocoanut  oil,  absorbed  more  iodine  than 
those  from  a  normal  liver. 

One  interesting  outcome  of  this  research  was  the  fact  that  in  anesthetized 
animals  cocoanut  oil,  placed  in  the  intestine  along  with  glycerine  and  bile  salts, 
was  absorbed  to  the  extent  of  30  per  cent  by  the  liver.  \\'hcn  given  in  fine 
emulsion  intravenously  from  25  to  60  per  cent  of  it  was  found  in  the  liver.  This 
retention  of  the  oil  by  the  liver  may  of  course  be  due  in  part  at  least  to  the  high 
and  sudden  concentration  of  the  oil  in  the  blood,  and  it  may  be  partlv  due  to 
the  anesthetic. 
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Intraspinal  Use  of  Phenolsiilphonphtbalein 

THE  most  convincing  investigation  of  hydroceplialus  is  that  of  Dandy  and 
Blackfan.^  Their  work  has  frequently  been  quoted  as  experimental  cor- 
roboration of  the  rationale  of  intraspinous  medication. - 

The  importance  of  their  conclusions  lies,  first,  in  their  demonstration  of 
the  feasibility  of  injecting  phenolsulphonphthalein  into  the  spinal  canal.  Long 
experience  with  this  drug  in  functional  kidney  tests  has  proved  it  inert  and 
capable  of  accurate  quantitative  detection.  Secondl}-,  they  use  pressure  never 
over  normal.  Lastly,  they  were  able  to  completely  verify  their  animal  experi- 
ments on  human  beings. 

They  injected  6  mg.  of  the  drug  in  1  c.c.  of  water — a  neutral  solution,  of 
course.  In  normals,  when  injection  was  made  into  the  cisterna  magna,  they 
could  promptly  recover  it  from  the  ventricles,  and  when  injected  into  the  ven- 
tricles, from  the  spinal  subarachnoid.  Without  pressure  they  could  inject  the 
whole  spinal  and  cerebral  subarachnoid  with  insoluble  granules.  By  experi- 
ments on  normal  human  beings,  they  thus  established  three  standards  for  phenol- 
sulphonphthalein:  (a)  the  time  (1-3  minutes)  of  appearance  of  the  drug  in  the 
spinal  fluid  after  injection  into  the  ventricles;  (b)  the  time  (10-12  minutes) 
and  the  rate  (12-20  per  cent  in  two  hours)  of  excretion  in  the  urine  after  ven- 
tricular injection;  and  (c)  the  time  (6-8  minutes)  and  the  rate  (35-60  per 
cent)  of  excretion  after  subarachnoid  injection. 

In  nine  hydrocephalic  children  they  were  able  to  show  that  after  spinal 
injection  the  drug  appeared  in  the  urine  in  normal  time  and  amount,  but  that 
after  ventricular  injection  it  did  not  appear  in  the  urine  at  all  for  the  reason 
that  it  did  not  pass  out  into  the  subarachnoid  space.  Seven  of  these  cases  came 
to  autopsy  and  in  all  the  experimental  findings  were  confirmed  by  demonstra- 
tion of  lesions  mechanically  obstructing  the  iter  or  foramina. 


iDandv  and   Blackfan  :     Am.   Jour.   Dis.   of  Child.,   Dec,    1914 

^Ogilvie,    H.    S. :      Jour.    A.    M.    A.,    Nov.    28,    1914,    and    Swift,   J.:      Jour.    A.    M.    A.,   July    17,    1915. 
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Four  other  cases  of  hydrocephalus  showed  a  normal  passage  of  fluid  from 
the  ventricles  to  the  subarachnoid,  but  here  the  absorption  from  the  later  space 
was  delayed,  averaging  only  10  per  cent  in  two  hours.  As  the  renal  elimma- 
tion  was  proved  normal  in  all  these,  the  assumption  is  justified  that  there  is  a 
type  of  hydrocephalus  dependent  solely  on  insufficient  elimination  from  the  sub- 
arachnoid.    Xo  autopsies  were  obtained  in  these  cases. 

In  discussing  the  possible  egress  of  spinal  fluid  through  the  pacchionian 
granulations,  Dandy  and  Blackfan  say — "Any  evidence  of  the  passage  of  fluid 
through  the  pacchionian  granulations  during  life  would  be  very  difficult,  if  not 
impossible,  to  obtain.  Consequently  all  proof  is  dependent  on  postmortem  in- 
jections. In  such  a  condition  it  is  possible  to  force  fluid  through  the  pacchionian 
granulations  with  very  high  pressure."  It  seems  strange  that  they  should  not 
have  been  familiar  with  the  work  of  Gushing  and  his  co-workers,^  published 
only  three  months  before  their  own.  As  a  matter  of  fact,  using  living  animals 
and  only  moderate  pressures  (180  mm.  of  water).  Gushing  did  the  very  thing 
in  question.  True  solutions — potassium  ferrocyanide  and  iron-ammonium-citrate 
were  precipitated  after  death  by  fixation  in  acid  formalin  and  by  the  Prussian 
blue  reaction  w'ere  readily  detected  in  the  very  act  of  passing  through  the  walls 
of  the  pacchionian  granulations  into  the  sinuses. 

As  mentioned  above,  the  work  of  Dandy  and  Blackfan  has  been  quoted  m 
favor  of  intraspinous  therapy.  If  one  were  treating  a  purely  luetic  meningitis, 
one  would  be  content  wdth  diffusion  of  his  drug  through  the  subarachnoid  and 
their  work  substantiates  the  possibility  of  that.  In  endarteritis  or  general  paraly- 
sis however  the  pericapillary  and  perineuronal  spaces  would  have  to  be  reached. 
Dandy  and  Blackfan  did  not  secure  such  an  injection.  But  in  the  work  of 
Gushing  the  evidence  wanted  may  be  found,  for,  using  pressures  of  50  mm.  of 
mercury,  he  secured  a  perivascular,  perineuronal  and,  selectively,  for  some  large 
cortical  motor  cells,  an  intracellular  injection!  The  mere  fact  that  phenolsul- 
phonphthalein  appears  in  the  urine  obviously  supposes  its  passage  through  the 
blood  vessels,  but  neither  Dandy  and  Blackfan.  nor  Gushing  and  his  co-workers 
believe  in  an  absorption  of  spinal  fluid  by  the  cerebral  end-vessels.  Only  in 
that  way  could  the  drug  bathe  the  end-vessels  and  nerve  cells  in  passing  out 
into  the  circulation.  To  settle  the  question  conclusively  wc  must  wait  until 
someone  has  the  good  fortune  to  secure  an  autopsy  not  long  after  an  intra- 
spinous injection  and  demonstrates  the  presence  of  the  drug  in  the  structures 
we  wish  to  reach.  It  is  possible  that  the  drug  is  absorbed  from  the  subarachnoid 
without  penetrating  the  parenchyma  of  the  brain. 

Other  conclusions  of  Dandy  and  Blackfan  arc  of  minor  interest  confirm- 
ing fairly  established  theories;  i.  e.,  experimental  ligation  of  the  vena  Galeni 
magna  produces  hydrocephalus  if  it  is  made  high  enough  to  preclude  collateral 
circulation;  experimental  hydrocephalus  is  less  severe  if  the  choroids  are  partly 
ligated  before  the  iter  is  mechanically  obstructed;  venous  congestion  increases 
spinal  fluid  secretion;  drugs  and  glandular  extracts  produce  little  effect;  sub- 
stances in  solution  in  the  blood  and  formed  elements  do  not  pass  into  the  spinal 
fluid;  in  the  dog.  the  fluid  is  restored  every  four  or  six  hours;  the  lymphatics 

'Cusliinp,    Wecil,    .in<l    Wi-Rcfarth :      Jour.    Meil.    Research,    Sept..    1914. 
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play  a  very  minor  role  in  the  escape  of  fluid;  there  is  no  evidence  of  a  current 
in  the  spinal  fluid;  the  fluid  passes  out  along  the  sheath  of  only  the  first,  sec- 
ond and  fifth  cranial  nerves;  the  probable  cause  of  hydrocephalus  after  opera- 
tions foi-  meningocele  is  limitation  of  the  excreting  surface. 

The  harmlessness  and  utility  of  phenolsulphonphthalein  injections  in  the 
human  is  the  most  valuable  contribution  of  the  above  research.  It  would  no 
doubt  be  of  great  value  to  other  cases  with  symptoms  of  intracranial  tension — 
luetic  meningitis,  delirium  tremens,  etc. 

— C.  E.  Kicly,  per  P.  C.  W. 


Cancer  and  X-Rays 

IN  1912  Murphy^  showed  that  an  avian  embryo  lias  no  defensive  mechanism 
against  the  growth  of  tissues  from  a  foreign  species.  He  later  showed- 
that  tumor  tissue  from  the  rat  could  be  transplanted  in  avian  embryos  for  in- 
definite periods.  Also  he  showed^  that  at  about  the  time  of  hatching  of  an 
avian  organism,  a  defensive  mechanism  developed  which  produced  quick  de- 
struction of  any  foreign  tissue.  These  observations  were  exceedingly  interest- 
ing because  they  showed  that  heteroplastic  grafting  was  possible  providing  the 
proper  environment  was  furnished  the  graft.  In  these  experiments  the  only 
morphologic  facts  observed  were  that  in  the  young  embryo  there  was  no  round 
cell  infiltration  about  the  foreign  tissue,  and  that  at  about  the  time  of  hatching 
such  an  infiltration  became  noticeable.  The  only  difi:erence  that  could  be  dis- 
covered at  the  two  periods  was  a  difference  involving  the  lymphocytes.  With 
this  in  mind  cultures  of  rat  sarcoma  in  chicken  plasma  were  prepared  and  to 
these  were  added  bits  of  chicken  tissues.^  The  sarcoma  tissue  grew  well  in 
plasma  alone,  and  in  cultures  containing  adult  chicken  connective  tissue,  kidney, 
and  liver.  \\'hen,  however,  chicken  spleen  was  added  to  a  culture,  growth  of 
the  sarcoma  tissue  stopped.  Bone  marrow  gave  the  same  result.  These  ex- 
periments were  repeated  using  chicken  embryos  in  the  shell,  with  the  same  re- 
sults, except  that  bone  marrow  proved  to  be  less  effective  than  the  spleen  in 
inhibiting  growth.  Still  later  Murphy^  showed  that  if  an  adult  animal  was 
deprived  of  a  large  amount  of  its  lymphoid  system  by  means  of  small  repeated 
doses  of  x-ray,  it  no  longer  resisted  the  growth  of  heterologous  tissue.  The 
tissue  cells  of  a  foreign  species  will  grow  actively  till  such  a  time  as  the  de- 
pleted system  of  the  animal  is  well  advanced  in  regeneration.  This  observation 
served  to  point  emphatically  to  the  role  of  the  lymphoid  tissue  in  tissue  im- 
munity. Murphy  and  Morton*'  thereupon  studied  the  blood  picture  in  mice  and 
were  able  to  observ^e  that  in  naturally  immune  animals  the  mononuclear  count 
rose  immediately  after  inoculation  with  tumor  material,  while  in  susceptible  mice 
this  did  not  happen.  They  showed  that  resistance  to  transplanted  tumor  tissue 
is  accompanied  by  a  marked  lymphocytosis.  To  test  the  suggestion  that  the 
lymphocytes  were  indeed  the  active  agents  in  this  immunity,  they  thereupon 
used  the  method  of  Murphy  and  Ellis"  for  destroying  the  major  portion  of 
the  lymphoid  system.  They  used  the  Coolidge  tube,  10  milliamperes,  3  inch 
spark  gap  and  an  exposure  of   1-2  minutes  for   several   consecutive   days,   and 
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produced  therewith  a  marked  reduction  of  circulating  lymphocytes.  These  x- 
rayed  animals  were  then  given  an  immunizing  dose  of  blood,  and  were  in- 
oculated with  tumor  tissue,  and  compared  with  an  immune  series  and  controls. 
In  the  rayed  series  the  incidence  of  growth  was  the  same  as  in  the  controls, 
but  the  rate  of  growth  w^as  more  rapid. 

Murphy  and  Morton  have  also  observed^  that  after  depletion  of  the  lymph- 
oid system  by  x-ray,  regeneration  will  commence  after  a  time  and  progress  ac- 
tively to  a  point  where  there  is  actually  an  overproduction  of  lymphoid  cells. 
They  also  noted  that  by  using  a  very  small  dosage  of  rays  they  could  produce 
stimulation  of  the  lymphoid  structure.  This  naturally  suggested  a  study  of  the 
therapev:tic  effects  of  the  x-rays,  and  it  was  made  in  such  a  manner  as  to  in- 
dicate the  differences  between  the  effects  of  the  rays  upon  the  animal  as  a 
whole,  upon  the  tumor  in  it,  and  upon  the  tumor  outside  the  body.  To  pro- 
duce the  necessary  conditions  they  took  mice  in  which  cancers  were  growing 
and  from  them  they  removed  the  tumors  temporarily  while  they  gave  stimulat- 
ing doses  of  x-rays  to  the  hosts,  using  the  Coolidge  tube.  Immediately  after 
treatment  the  cancers  w^ere  grafted  back  into  their  hosts.  In  50  per  cent  of 
these  animals  there  was  a  complete  immunity  against  the  grafts.  As  controls 
they  used  animals  affected  in  exactly  the  same  manner  as  in  the  former  group, 
and  these  were  treated  exactly  as  were  the  others  except  that  the  raying  was 
omitted.  The  cancers  were  removed  and  then  grafted  back  again.  In  28  of 
29  animals  so  treated  the  grafts  grew  progressively.  In  a  third  group  (10  ani- 
mals) the  tumors  were  removed,  treated  with  rays  in  the  same  dosage  used 
previously  on  the  animals,  and  then  grafted  back.  In  100  per  cent  of  these  the 
grafts  took  and  grew. 

In  this  series  of  researches,  there  seems  to  be  good  experimental  evidence 
that  immunity  to  tumors  (some  at  least)  in  mice  is  closely  associated  with  the 
activities  of  the  lymphoid  tissues  of  the  animals ;  and  that  the  x-ray,  given  in 
proper  amounts,  may  stimulate  these  lymphoid  tissues  and  so  render  the  animal 
resistant  to  tumor  growth,  or,  in  heavy  doses,  may  destroy,  temporarily,  the 
lymphoid  tissues,  and  so  decrease  resistance.  With  the  ever  increasing  use  of 
x-rays  (to  say  nothing  of  radium)  in  the  treatment  of  tumors  in  human  be- 
ings, it  would  be  of  value  to  study  the  effects  of  treatments  upon  the  tumor 
itself  and  upon  the  blood  picture  of  the  patient.  It  seems  that  a  possibility  ex- 
ists that  a  differential  blood  count  may  be  of  very  distinct  value  in  indicating 
the  course  the  treatments  should  follow.  It  would  be  exceedingly  interesting 
to  know  whether  or  not  the  lymphocyte  count  can  be  made  to  rise  or  fall  by 
x-ray  treatments,  and  wln'thcr  (ir  not  Ihosc  fluctuations  are  related  in  any  way 
to  the  therapeutic  effects  upon  llie  tumors. 
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The  Presence  of  Eosinophile  Cells  in  Pleural  Exudates 

INTEREST  in  the  cytology  of  exudates  in  the  serous  cavities  in  the  past  has 
centered  chiefly  in  the  lymphocytes,  endothelial  cells  and  neutrophilic  leuko- 
cytes. Evidence  is  accumulating,  however,  which  shows  that  an  important  role 
is  played  by  the  eosinophiles  at  times. 

E.  Rist  and  de  PfeffeP  have  found,  in  a  study  of  the  exudates  which  follow 
in  the  course  of  artificial  pneumothorax,  that  eosinophiles  and  mast  cells  are 
often  conspicuous.  The  cytologic  formula  varies,  moreover,  with  the  duration 
of  the  exudate. 

In  exudates  of  recent  formation,  the  authors  find  that  eosinophilic  leukocytes 
predominate,  though  they  constantly  find  some  mast  cells.  At  times,  they  have 
found  that  these  two  varieties  of  leukocytes  alone  are  present  in  the  fluid.  But, 
if  the  exudate  persists,  lymphocytes  begin  to  collect  in  the  fluid,  few  at  first, 
though  later  they  may  predominate.  At  the  time  when  the  fluid  shows  an  ex- 
cess of  eosinophiles  and  mast  cells,  the  blood  may  contain  5  to  6  per  cent  of  the 
former  and  2  per  cent  of  the  latter. 

In  cases  of  spontaneous  pneumothorax,  Rist  and  de  Pfefifel  have  found  fluids 
containing  eosinophiles  and  mast  cells  without  neutrophiles,  though  more  often 
neutrophiles  are  greatly  in  the  majority. 

Occasionally,  they  have  seen  the  eosinophile  mast-cell  picture  in  the  earliest 
stages  of  tuberculous  pleurisy ;  soon,  however,  the  usual  lymphocytosis  replaces  it. 

In  the  pleural  effusions  complicating  lobar  pneumonia,  eosinophiles  have 
been  conspicuous  in  eight  cases,  according  to  S.  Bayne-Jones,-  who  reports  a 
case.  Mast  cells  were  also  present  in  his  case.  Among  the  other  conditions 
with  which  pleural  eosinophilia  has  been  found,  according  to  Bayne-Jones'  re- 
view of  the  literature,  are  trauma,  sepsis,  typhoid  fever,  syphilis,  polyarthritis, 
nephritis,  pulmonary  gangrene,  hemorrhagic  infarct  of  the  lung,  endothelioma, 
septic  endocarditis,  gonococcal  sepsis,  myocarditis,  cardiac  insufficiency,  puerperal 
sepsis,  neoplasm,  influenza. 

The  list  of  conditions  is  chaotic  and  the  underlying  cause  or  causes  of  the 
accumulation  of  eosinophilic  and  basophilic  leukocytes  do  not  seem  evident.  This 
only  indicates  the  need  of  more  systematic  study  of  the  cytolog}^  of  exudates. 
Schwarz^  in  1914  was  able  to  find  but  68  cases  in  the  literature,  in  which  exudates 
showed  an  eosinophilia.  Bayne-Jones,  however,  believes  the  phenomenon  is 
of  much  more  frequent  occurrence  than  this  would  seem  to  indicate. 
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EXPERIMENTAL    CLOUDY    SWELLING    OF    THE    KIDNEY    IN    THE 

RABBIT.* 


By  A\'.  Ray  Shaxxox,  Mixxeapous,  Mixx. 


VIRCHOW^  introduced  the  term  "cloudy  swelling"  ("triibe  Schwellung") 
in  1858  to  describe  a  condition  often  found  in  the  parenchymatous  organs, 
such  as  the  liver  and  kidney,  in  which  the  organ  is  swollen  and  light  colored. 
It  frequently  presents  a  cooked  appearance.  When  examined  under  the  micro- 
scope in  the  fresh  state,  the  cells  are  seen  to  be  opaque,  due  to  the  presence  of 
small  albuminous  granules.  These  granules  may  almost  entirely  hide  the  nu- 
cleus. The  gross  picture  is  due  to  the  presence  of  these  albuminous  granules 
within  the  cells. 

This  classical  description  has  been  adopted  wilh  minor  modifications  by 
the  majority  of  observers  since  Virchow's  time.  It  has  been  copied  into  prac- 
tically all  of  the  modern  text  books  of  pathology. 

Many  pathologists  often  make  a  diagnosis  of  cloudy  swelling  upon  the 
gross  examination  alone.  But,  if  such  diagnoses  are  checked  by  a  microscopic 
study,  it  will  frequently  be  found  that  there  is  no  increase  of  albuminous  gran- 
ules. Turbidity  and  swelling  of  an  organ  arc  not  always  associated  with  in- 
crease of  albuminous  granules.  On  the  other  hand  there  may  be  a  marked 
increase  of  albuminous  granules  in  the  cells  without  the  presence  of  turbidity 
or  swelling  of  the  organ.  It  is,  therefore,  evident  that  cloudy  swelling  as  com- 
monly described  includes  more  than  one  type  of  pathologic  process.  No  im- 
portant advance  can  be  made  until  the  several  phenomena  have  been  studied 
separately.  With  this  in  mind,  I  have  undertaken  the  study  of  experimental 
cloudy  swelling  of  the  kidney,  paying  particular  attention  to  the  albuminous 
granules. 

•From   the   Department   ni   Pathology   and    Racferiology,   University  of   Minnesota. 

*I  wish  to  thank  Dr.  E.  T.  Hell,  at  wliose  suggestion  and  inidcr  whose  supervision  this  work  was 
carried  out,  for  his  helpful  suggcstif)ns  and  enthusiastic  interest.  I  am  indebted  to  Mr.  A.  Lundquist 
for  assistance  in  technic. 
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Cohnheim-  adds  to  Virchovv's  description  that  the  condition  is  more  easily 
recognized  grossly  than  microscopically  in  organs  such  as  the  liver  and  kid- 
ney, in  which  the  cells  normally  contain  some  granules.  He  states  that  cloudy 
swelling  occurs  also  in  muscle  (heart  muscle,  especially)  and  in  the  mammary 
glands, 

Klebs^  and  Ribbert*  agree  with  Cohnheim  that  cloudy  swelling  is  more 
readily   recognized  grossly  than   microscopically. 

Rindfleisch,^  Birch-Hirschfeld,''  Thoma,"  Ziegler,«  Albrecht,^'  Landsteiner/" 
Adami/'  and  von  Gierke^"  all  adhere  closely  to  Virchow's  description. 

Benario^^  stated  that  fatty  granules  were  always  to  be  found  together  with 
the  albuminous  granules  in  cloudy   swelling. 

Volhard  and  Fahr,"  working  on  the  human  kidney,  find  that  the  gross  pic- 
ture cannot  be  relied  upon.  Swelling  is  sometimes  present  and  sometimes  not, 
and  the  degree  of  cloudiness  is  very  variable.  The  microscopic  picture  is  more 
dependable.  The  epithelium  of  the  convoluted  tubules  is  swollen.  The  lumina 
of  these  tubules  are  decreased  in  size  if  not  entirely  obliterated  by  the  swollen 
cells.  Albuminous  material  is  to  be  found  in  precipitated  string}^  masses  in 
the  lumina  of  some  of  the  tubules  and  Bowman's  capsules.  The  Altmann  gran- 
ules are  enlarged  and  very  irregular  in  arrangement.  The  rods  are  present  in 
some  cells. 

BelP^  noted  that  organs  will  sometimes  show  this  gross  appearance  of 
cloudy  swelling  when  there  is  no  increase  of  albuminous  granules ;  and,  con- 
versely, that  sometimes,  especially  in  the  kidney,  there  may  be  a  marked  in- 
crease of  albuminous  granules  in  the  absence  of  any  gross  indication.  He  rec- 
ommends that  the  term  "cloudy  swelling"  be  used  for  gross  description  only, 
and  that  a  modifying  phrase  be  added  to  indicate  the  microscopic  picture  ac- 
companying it. 

A  number  of  observers  have  studied  experimental  cloudy  swelling  in  ani- 
mals. Favre^*'  in  1892  produced  the  condition  in  rabbit  kidneys  by  removing 
the  opposite  kidney  or  by  tying  off  its  vein  or  ureter.  He  described  an  intense 
clouding  of  some  of  the  convoluted  tubules  of  the  functionating  kidney,  due 
to  the  accumulation  of  albuminous  granules  within  the  cells. 

Schilling^'  produced  cloudy  swelling  in  rabbit  kidneys  by  tying  the  opposite 
renal  vein  for  48  hours.  At  the  end  of  this  time  the  unoperated  kidney  showed 
a  swollen  grayish-yellow  cortex  which  was  easily  distinguishable  from  the  blood- 
red  medulla.  Crushed  preparations  showed,  microscopically,  opaque  tubules  which 
were  filled  with  albuminous  granules.  These  granules  hid  the  nuclei  almost 
completely.     He  found  no  fat  present. 

Albrecht^  also  used  rabbits  for  the  study  of  experimental  cloudy  swelling 
of  the  kidney.  He  produced  the  condition  by  the  following  procedure.  The 
renal  artery  was  clamped  ofl^  for  two  hours,  after  which  time  the  clamp  was 
removed.  Within  two  or  three  hours  more  the  clamp  was  again  replaced 
and  left  for  twenty-four  hours.  He  obtained  some  fatty  granules  as  well  as 
albuminous  granules  in  the  tubules. 

Bell^^  found  that  there  was  considerable  discrepancy  between  the  gross 
and  microscopic  appearances  of  experimental  as  well  as  human  cloudy  swelling. 
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The  term  "cloudy  swelling"  will  be  used  in  this  paper  to  designate  a  turbid 
swollen  organ  without  regard  to  the  microscopic  picture  that  may  be  present. 

MATERIAL    AND    METHODS. 

Since  the  number  and  character  of  the  granules  in  the  renal  tubules  of  dif- 
ferent animals  vary  considerably,  it  was  decided  to  use  but  one  species.  Rab- 
bits were  used  exclusively.  All  kidney  operations  were  made  through  kimbar 
incisions.  The  left  kidney  was  operated  on  most  frequently  because  it  is  more 
accessible  than  the   right. 

Compensatory  changes  in  the  kidney  were  studied  by  removing  the  op- 
posite kidney  or  by  ligature  of  its  ureter.  One  form  of  cloudy  swelling  was 
produced  by  subcutaneous  injections  of  tartaric  acid.  Cloudy  swelling  was 
also  produced  by  placing  sterile  macerated  liver  in  the  peritoneal  cavity.  It 
was  found  that  large  subcutaneous  abscesses  will  produce  a  marked  increase 
in  albuminous  granules  in  the  kidney  in  the  course  of  one  or  two  weeks.  Rab- 
bits were  therefore  given  pasteurella  and  proteus  infections  to  produce  abscesses. 
They  were  killed  at  various  stages  of  the  infectious  process.  These  several 
procedures  will  be  explained  in  more  detail  under  the  separate  headings. 

Thin  pieces  of  fresh  kidney  were  fixed  in  Zenker-formol  and  10  per  cent 
formalin.  Both  these  reagents  preserve  the  granules  well,  but  Zenker-formol 
gives  a  better  cytoplasmic  fixation  than  the  formalin  alone.  Neither  Zenker's 
nor  Bouin's  solutions  could  be  used  because  the  acetic  acid  in  them  destroys 
the  granules  rapidly. 

Zenker-formol  material  was  found  most  useful  for  histological  study.  Par- 
affin sections  were  cut  at  three  micra  and  stained  with  iron-hematoxylin  and 
other  stains.  Frozen  sections  were  prepared  from  the  formalin-fixed  material 
and  stained  for  fat.  In  ever}^  case  crushed  preparations  of  the  fresh  kidney 
were  examined  to  control  the  fixed  material  and  to  study  the  efifect  of  various 
reagents  upon  the  albuminous  granules. 

THE    NORMAL    KIDNEY. 

Crushed  preparations  of  the  fresh  cortex  usually  show,  microscopically,  a 
few  dark  tubules  and  a  large  number  of  light  tubules.  Upon  high  magnifica- 
tion the  dark  tubules  are  seen  to  be  filled  with  rather  large  weakK-  refractive 
granules  or  droplets.  Upon  the  addition  of  5  per  cent  NaOH  or  KOH  these 
granules  can  be  seen  to  disappear  suddenly,  like  the  bursting  of  a  bubble,  as 
the  reagent  comes  into  contact  with  them.  This  leaves  the  tubules  light  and 
the  nuclei  more  clearly  visible.  These  granules  are  not  entirely  confined  to 
the  dark  tubules,  for  a  few  scattered  ones  are  noticeable  in  the  light  tubules 
as  well.  The  rods  of  Heidenhain  can  also  be  made  out  in  the  fresh  prepara- 
tions in  some  cases.  One  occasionally  finds  a  kidney  which  shows  no  distinctly 
dark  tubules  but  higli  magnification  will  always  reveal  occasional  granules  within 
the  cells. 

The  granules  cannot  be  demonstrated  in  tissues  which  have  been  fixed  with 
Zenker's  or  Bouin's  fixing  fluids.  Apparently  the  acetic  acid  in  these  reagents 
destroys  them.  Ten  per  cent  formalin  or  Zenker-formol  preserves  the  granules 
very  satisfactorily,  however. 
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In  tissues  fixed  with  Zenker-formol  or  10  per  cent  formalin  and  stained 
with  iron-hematoxylin,  the  granules  are  well  shown  (Fig-.  1).  They  appear  as 
darkly  staining  spherical  bodies.  They  are  often  arranged  in  rows  between  the 
rods.  Sometimes,  however,  they  are  found  in  the  inner  clear  portion  of  the 
cells.     The  dark  tubules  are  very  conspicuous  in  stained  preparations   (Fig.  2). 

The  rods  of  Heidenhain  can  be  seen  in  the  basal  portion  of  the  cells. 
They  are  apparently  independent  of  the  granules  under  consideration.  The  in- 
ner portion  of  the  cells  is  clear  and  has  a  convex  inner  border  projecting  into 
the  lumen.  The  lumina  of  the  tubules  are  generally  narrow  and  stellate-shaped, 
due  to  the  rounded  inner  borders  of  the  cells.     In   some  of  the  tubules  there 
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Fig.  1. — Normal  kidney.     Zenker-formol.     Iron-hematoxylin.     A  dark  tubule  is  shown  with  parts  of 

adjacent  light  tubules.     X  660. 
Fig.  2. — Normal  kidney.     Zenker-formol.     Iron-hematoxvlin.     Showing  the  relative  number  of  dark 

tubules.     X  100. 

may  be  no  visible  lumen,   the  inner  borders  of  the  cells  meeting  and  entirely 
obliterating  it. 

Albrecht^  described  the  granules  under  consideration  in  the  renal  epithelium 
of  rabbits  and  stated  that  he  could  find  no  previous  mention  of  them  in  the 
literature.  He  thought  that  they  were  of  some  functional  significance.  Disse,^^ 
however,  in  1892  described  granules  in  the  cortical  epithelium  of  the  rabbit 
kidney  which  correspond  closely  to  these.  He  did  not  examine  them  in  the 
fresh  tissue,  nor  did  he  attribute  any  functional  importance  to  the  granules. 
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Rothstein"  described  these  granules  in  the  kidneys  of  mammals  in  1890. 
In  the  fresh  crushed  preparations  they  appeared  as  definite  refractive  granules 
with  darkly  limited  periphery,  sometimes  isolated  and  sometimes  in  groups  with- 
in the  cells.  In  fixed  and  stained  preparations  they  were  sometimes  seen  to  be 
spherical,  sometimes  oval,  and  even  sometimes  spindle-shaped.  He  evidently 
considered  them  of  functional  importance. 

Modragowski-°  mentions  these  granules  in  normal  rabbit  kidneys  and  gives 
them  some  functional  significance. 

Hirsch-^  gives  an  accurate  description  of  the  granules  and  dark  tubules  of 
the  normal  kidney.  The  number  of  granules  depends  upon  the  functional  con- 
dition of  the  tubules. 

BelF^  also  described  these  granules  in  the  renal  epithelium  of  the  normal 
rabbit.     He  studied  them  in  fresh  preparations  only. 

No  one  has  proven  definitely  that  these  granules  have  any  functional  sig- 
nificance; but  they  are  invariably  present  in  the  normal  kidney. 

COMPENSATORY  CHANGES  IX  THE   KIDXEY. 

Favre,  Schilling,  and  Albrecht  have  all  recorded  the  production  of  com- 
pensator}^ cloudy  swelling  in  rabbit  kidneys  by  the  removal  of  the  opposite  kid- 
ney or  by  tying  its  vein  or  ureter.  Favre  did  not  describe  the  gross  changes. 
He  says  that  he  obtained  a  clouding  in  some  of  the  tubules,  apparentlv  not 
knowing  that  this  is  present  in  the  normal.  Schilling  states  that  grossly  the  cor- 
tex was  of  a  grayish-yellow  color,  easily  distinguishable  from  the  blood-red 
medulla.  Microscopically,  the  tubules  were  opaque,  due  to  the  accumulation 
of  albuminous  granules  within  the  cells.  This  author  also  apparently  overlooked 
the  fact  that  some  of  the  tubules  are  dark  in  the  normal  kidney.  Albrecht  does 
not  give  a  description  of  his  findings. 

Hirsch  described  an  increase  in  the  albuminous  granules  one  week  after 
the  removal  of  the  opposite  kidney,  but  did  not  consider  the  gross  changes  worth 
mentioning. 

Bell  was  unable  to  produce  a  definite  gross  cloudy  swelling  by  removing 
the  opposite  kidney.  From  microscopic  examination  of  fresh  tissues  he  was 
not  certain  that  there  was  an  increase  in  the  number  of  dark  tubules  over  the 
normal. 

EXPERIMENTS. 

Experiment  I. — Rabbit;  male;  left  kidney  removed.  Twenty- four  hours  later  tlie  ani- 
mal was  killed  and  the  right  kidney  examined. 

Gross  examination.  Tlic  left  kidney  is  normal  in  appearance.  Tlie  right  kidney  is 
swollen  and   congested,   but  no   cloudiness  can  be  seen. 

Microscopic  examination.  No  certain  differences  can  be  made  out  in  tiie  fresh  speci- 
mens. The  fixed  and  stained  material  shows  a  few  more  dark  tubules  in  the  right  than 
in  the  left  kidney. 

Experiment  2. — Kabljit ;  male,  weight  1,080  grams;  Icfi  kidney  removed.  Forty-eight 
hours  hter  the  animal  was  killed  and  ihe  riglit  kidney  examined. 

Gross  examination.  Left  kidney  normal.  Tlie  right  kidney  is  somewhat  swollen  and 
the  cut  surface  is  moist,  iiut  liiere  is  no  distinct  cloudiness  present. 

Microscopic  examination.  The  right  ki(hiey  shows  definitely  more  dark  tubules  than 
the  left.  There  is  also  an  increase  in  ali)iuiiinous  granules  throughout  the  lighter  tubules 
in   the   right   kidney. 
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Experiment  J.— Rabbit ;  male;  weight  2,910  grams;  removed  left  kidney.  Forty-eight 
hours  later  the  animal  was  killed. 

Gross  examination.  Left  kidney  normal.  The  right  kidney  is  swollen  and  its  cut 
surface  is  slightly  pale. 

Microscopic  examination.  The  right  kidney  contains  at  least  two  or  three  times  as 
many  dark  tubules  as  the  left.  The  granules  in  the  right  kidney  arc  larger  than  those  in 
the  left. 

Experiment  ./.—Rabbit;  female;  weight  2,000  grams.  The  right  ureter  was  ligatured 
One  week  later  the  animal  was  killed  and  the  left  kidney  examined. 

Gross   examination.     Possibly   swollen.     No  cloudiness   was   detectable. 

Microscopic  examination.  The  fresh  tissue  shows  no  certain  increase  in  the  number 
of  dark  tubules.  Fixed  and  stained  material  shows  no  increase  over  the  normal  number 
of  dark  tubules. 

These  experiments  show  that  a  moderate  increase  in  the  numher  of  gran- 
ules occurs,  temporarily  at  least,  after  the  removal  of  the  opposite  kidney.  This 
is  so  slight  as  to  be  indistinguishable  with  certainty  in  the  fresh  specimens.  It 
is  only  after  a  comparison  of  fixed  and  stained  preparations  that  it  can  be  de- 
termined. The  gross  changes  are  so  slight  that  they  cannot  be  recognized  with 
certainty. 

CI.OUDY  SWELLING   PRODUCED  BY  TARTR.VTES. 

Rabbits  were  given  subcutaneous  injections  of  racemic  tartaric  acid  neu- 
tralized with  sodium  carbonate,  in  varying  doses  from  .05  gm.  per  kilo  to  .15 
gm.  per  kilo.  At  different  times  after  the  injection  the  rabbits  were  killed  and 
their  kidneys  examined.  The  earlier  stages  were  studied  especially,  since  the 
later  stages  are  of  a  frankly  degenerative  character  and  since  many  authors  hold 
that  parenchymatous  nephritis  passes  through  a  preliminary  stage  of  cloudy 
swelling. 

Experiment  5. — Rabbit;  male;  weight  1,500  grams.  Injected  subcutaneously  with  0.1 
gm.  racemic  tartaric  acid.  The  right  kidney  was  removed  one  hour  later.  Two  hours  after 
the  injection  the  animal  was  killed. 

Right  kidney:  gross  examination.     Kidney  appears  normal. 

Microscopic  examination.  Dark  tubules  are  present  in  the  fresh  preparation.  Paraf- 
fin sections  show  a  few  hydropic  cells.     Otherwise  the  appearances  are  normal. 

Left  kidney:   gross  examination.     Cut  surface  is  slightly  pale. 

Microscopic  examination.  Dark  tubules  are  seen  in  the  fresh  preparations.  Paraflhi 
sections  show  nothing  abnormal  except  a   few  hjdropic  cells. 

Experiment  6. — Rabbit;  male;  weight  2,050  grams.  Injected  subcutaneously  wi'.h  0.1 
gm.  racemic  tartaric  acid.     Killed  three  hours  later. 

Gross  examination.     No  definite  changes. 

Microscopic  examination.  Crushed  preparations  of  fresh  tissue  show  no  dark  tubules. 
In  paraffin  sections  stained  witTi  iron-hematoxylin  most  of  the  convoluted  tubules  show 
a  few  granules.  There  are  no  dark  tubules.  There  are  a  few  hydropic  tubules  in  the 
peripheral  part  of  the  cortex. 

Experiment  7. — Rabbit ;  male ;  weight  1.800  grams.  Injected  subcutaneously  with  0.2 
gm.  racemic  tartaric  acid.  The  left  kidney  was  removed  two  hours  later.  Twenty-four 
hours  after  the  injection  the   animal  was  killed. 

Left  kidney:  gross  examination.  The  kidney  is  swollen.  The  cut  surface  is  suc- 
culent and  a  little  pale. 

Microscopic  examination.  The  fresh  crushed  preparations  show  a  few  slightly  dark 
tubules.  These  are  not  so  prominent  as  in  the  normal.  Paraffin  sections  show  some  dark 
tubules.  The  lighter  tubules  also  contain  a  few  granules.  Hydropic  tubules  are  noted  espe- 
cially in  the  peripheral  part  of  the  cortex. 

Experiment  8. — Rabbit;  female;  weight  1,570  grams.  Injected  subcutaneously  with 
0.2  gm.  racemic  tartaric  acid.  The  right  kidney  was  removed  three  hours  later.  Twenty- 
four  hours  after  the  injection  the  animal  was  killed. 
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Right  kidney :  gross  examination.  The  organ  is  shghtly  swollen.  The  cut  surface 
is  slightly  paler  than  normal. 

Microscopic  examination.  In  the  fresh  preparations  most  of  the  tubules  show  a  few 
granules.  Th.ere  are  no  distinctly  dark  tubules  to  be  seen.  Paraffin  sections  show  extreme 
hydropic  degeneration  of  the  convoluted  tubules.  There  are  a  few  tubules  which  do  not 
show  this  change,  but  none  of  the  dark  tubules  are  present.  The  normal  tubules  show  a 
few  scattered  granules. 

Left  kidney:  gross  examination.  The  organ  is  swollen  and  the  cut  surface  is  dis- 
tinctly cloudy. 

Microscopic  examination.  The  fresh  specimen  shows  no  dark  tubules.  Paraffin  sec- 
tions show  some  dilated  tubules  at  the  periphery  of  the  cortex.  These  contain  casts  and 
cellular  debris.  There  are  some  necrotic  tubules  at  the  periphery  of  the  cortex.  No  dark 
tubules  are  present.     There  are  no  hydropic  cells. 

Bxpcriment  g. — Rabbit;  male;  weight  1,330  grams.  Injected  subcutaneously  with  0.2 
gm.  racemic  tartaric  acid.     Killed  twenty-four  hours  later. 

Gross  examination.  Kidneys  are  swollen.  The  cut  surfaces  are  succulent  and  a 
little  paler  than  normal. 

Microscopic  examination.  The  fresh  preparation  shows  a  few  dark  tubules.  These 
contain  some  fatty  granules  beside  a  few  albuminous  granules.  Paraffin  sections  show 
some  dilated  tubules  which  contain  casts  and  cellular  debris.  There  are  a  number  of  dark 
tubules  present.     The  rods  are  prominent  in  most  of  the  tubules. 

Bxperiment  lo. — Rabbit ;  male ;  weight  2,050  grams.  Injected  subcutaneously  with  0.3 
gm.  racemic  tartaric  acid.  The  right  kidney  was  removed  twenty-four  hours  later.  Forty- 
eight  hours  after  the  injection  the  animal  was  killed. 

Right  kidney:  gross  examination.  The  organ  is  swollen  and  the  cut  surface  is  suc- 
culent  and   moderately   cloudy. 

Microscopic  examination.  The  fresh  specimen  shows  a  large  number  of  tubules  filled 
with  fat  droplets.  Paraffin  sections  show  a  large  number  of  dilated  tubules  containing  casts 
and  cellular  debris.  There  are  a  few  of  the  dark  tubules  present.  There  are  some  ne- 
crotic tubules  at  the  periphery  of  the  cortex.  A  few  convoluted  tubules  contain  large  deeply 
staining  granules,  apparently  different  from  those  in  the  dark  tubules.  Fat  stain  shows  a 
large  amount  of  fat  in  both  the  collecting  and  the  convoluted  tubules. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  only 
slightly  pale. 

Microscopic  examination.  There  are  a  few  fatty  tubules  present.  Paraffin  prepara- 
tions show  fewer  dilated  tubules  than  the  right.    There  are  some  of  tlie  dark  tubules  present. 

Experiment  ii. — Rabbit;  male;  weight  1,970  grams.  Injected  subcutaneously  with  .3 
gm.  racemic  tartaric  acid.  The  left  kidney  was  removed  twenty-four  hours  later.  Forty- 
eight  hours  after  the  injection  the  animal  was  killed. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  succulent 
and  moderately  cloudy. 

Microscopic  examination.  The  fresli  preparation  shows  a  large  amount  of  fat  through- 
out the  collecting  and  convoluted  tubules. 

Right  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  slightly 
pale. 

Microscopic  examination.  The  fresh  preparation  shows  a  few  fatty  tubules.  Paraf- 
fin sections  slinw  only  a  few  dilated  tubules.  There  are  some  dark  tulniles  present.  Most 
of  the  convoluted  tubules  contain   a   small  amount  of   fat. 

Experiment  I2. — Rabbit;  male;  weight  2,050  grams.  Injected  subcutaneously  with  .3 
gm.  racemic  tartaric  acid.  The  left  kidney  was  removed  7  hours  later.  Forty-eight  hours 
after  the  injection  the  right  kidney  was  removed. 

Left  kidney:  gross  examination.  The  organ  is  possibly  swollen.  The  cut  surface  is 
succulent  and  pale. 

Microscopic  examination.  The  fresh  preparation  shows  a  few  dark  lubules.  Some 
of  the  tubules  contain  fatty  granules.  Paraffin  preparations  show  a  large  number  of  hydro- 
pic tubules.  There  arc  some  dark  tubules.  There  are  dilated  tubules  containing  casts  and 
cellular  debris. 

Right  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  moist 
and  slightly  pale. 

Microscopic   examination.     There   are   a    few   dark   tubules    in   the    fresh   preparation. 
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Paraffin  sections  show  no  hydropic  tubules.  The  larger  numher  of  tuhules  appear  normal 
and  the  dark  tubules  are  present.  There  are  a  few  extremely  dilated  tubules  which  con- 
tain casts  and  cellular  debris. 

From  the  above  experiments  it  will  be  seen  that  the  minimum  effective  dose 
produces  no  gross  changes  in  the  kidneys.  Larger  doses,  however,  give  a  def- 
inite cloudy  swelling  at  the  end  of  twenty-four  hours.  The  organ  cannot  be 
said  to  have  a  "cooked  appearance"  but  it  nevertheless  is  swollen  and  turbid. 
The  cloudiness  and  swelling  are  in  no  way  due  to  the  presence  of  albuminous 
granules.  The  albuminous  granules  are  never  increased  in  number  above  the 
normal  and  even,  at  times,  seem  to  be  decreased.  The  opacity  of  the  kidneys 
is  apparently  due,  for  the  most  part,  to  anemia,  fatty  droplets,  and  necrosis  and 
disintegration  of  the  cells. 

CLOUDY    SW^ELI^IXG    PRODUCED    BY    THE)    INTRODUCTION'    OK    AUTOLYZED    LIVER    INTO 

THE    PERITONEAL   CAVITY. 

Severe  renal  injury  may  be  produced  by  introducing  a  large  quantity  of 
autolyzed  liver  into  the  body. 

A  rabbit's  liver  was  removed  sterilely  and  cut  up  into  fine  pieces.  Sterile 
physiological  saline  was  added  to  this  and  the  tissue  was  allowed  to  autolyze  in 
the  incubator  for  several  hours.  This  fluid  was  injected  into  the  peritoneal 
cavity. 

Experiment  13. — Rabbit ;  female ;  weight  1,665  grams.  The  urine  was  normal.  Twenty 
c.c.  of  fluid  obtained  by  macerating  a  sterile  rabbit  liver  over  night  with  50  c.c.  of  sterile 
physiological  saline  at  2>7°  C.  was  injected  intraperitoneally.  Four  hours  later  the  urine 
showed  numerous  hyaline  casts  and  considerable  albumin.  The  left  kidney  was  removed. 
The  animal  died  two  days  later.     The  urine  remained  about  the  same. 

Left  kidne}' :  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  succulent 
and  moderateU"  cloud}-. 

Microscopic  examination.  The  fresh  preparation  shows  no  distinctly  dark  tubules. 
Some  of  the  tubules  contain  a  few  albuminous  granules,  however.  Paraffin  preparations 
show  a  few  dilated  convoluted  tubules.  These  contain  sloughed  ofT  portions  of  cells  within 
their  lumina.  The  greater  number  of  tubules  appear  normal.  No  dark  tubules  are  present 
but  some  tubules  contain  a   few  darkly  staining  granules. 

Right   kidney:    gross   examination.     The  organ   is   darkened   by  postmortem   change. 

Microscopic  examination.  The  fresh  specimen  shows  no  dark  tubules  although  some 
of  the  tubules  contain  a  few  albuminous  granules.  Paraffin  preparations  show  a  large  num- 
ber of  the  tubules  containing  albuminous  material  within  their  lumina.  There  are  no  dark 
tubules  but  some  contain  a  few  granules. 

Bxperiment  14. — Rabbit;  male;  w^eight  1,600  grams.  Examination  of  the  urine  showed 
no  albumin.  Seventy- four  gm.  of  sterile  rabbit  liver  which  had  been  macerated  for  five 
hours  with  25  c.c.  of  sterile  physiological  saline  was  placed  in  the  peritoneal  cavity.  Eighteen 
hours  later  the  left  kidney  was  removed.  The  urine  was  cloudy  with  granular  casts  and 
contained  a  large  amount  of  albumin.  Eight  days  later  the  animal  died.  During  this  time 
the  urine  remained  about  the  same. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  extremely 
cloudy  and  succulent. 

Microscopic  examination.  The  fresh  preparation  shows  no  dark  tubules.  Paraffin 
sections  sho\y  a  pronounced  parenchymatous  nephritis  but  no  dark  tubules. 

Right  kidney:  gross  examination.  The  organ  is  sw^ollen.  The  cut  surface  is  succulent 
and  moderately  pale. 

Microscopic  examination.  The  fresh  specimen  show^s  no  dark  tubules.  There  are  a 
large  number  of  fatty  granules  present.  Paraffin  sections  show  considerable  interstitial 
edema.  There  are  a  few  tubules  which  contain  some  albuminous  granules.  Some  of  the 
tubules  are  dilated  and  contain  casts  and  cellular  debris. 
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No  increase  in  the  number  of  albuminous  granules  occurred  in  these  ex- 
periments. Instead,  the  granules  entirely  disappeared  and  a  very  pronounced 
parenchymatovis  nephritis  resulted.  In  spite  of  the  disappearance  of  the  gran- 
ules an  extreme  degree  of  cloudy  swelling  occurred.  This  must  be  taken  as 
further  proof  that  the  swelling  and  clouding  of  the  kidney  and  the  accumula- 
tion of  albuminous  granules  within  the  cells  may  be  the  results  of  distinctly 
different  pathological  processes. 

(Whether  the  changes  in  the  kidney  were  due  to  autolyzed  proteins  or  to 
the  bile  salts  present  was  not  determined.) 

CLOUDY    SWELLING    PRODUCED    BY    INFECTIONS. 

In  this  group  of  experiments  the  conditions  simulate  some  of  the  human 
diseases  in  which  a  cloudy  swelling  may  occur.  Bell  mentioned  the  occurrence 
of  an  albuminous  degeneration  (cloudy  swelling)  in  rabbit  kidneys  in  a  case 
of  infection. 

Cultures  taken  from  a  large  pasteurella  abscess  were  used  to  inoculate  other 
rabbits.  The  animals  were  weighed  each  day  and  the  progress  of  the  infec- 
tion was  measured  by  the  loss  in  weight.  By  killing  the  animals  at  different 
stages  of  the  infectious  process  dift'erent  degrees  of  cloudy  swelling  were  ob- 
tained. 

Most  of  the  cases  studied  were  pasteurella  infections,  since  these  organisms 
infect  rabbits  very  readily.  Some  animals  with  proteus  abscesses  and  one  wnth 
a  streptococcus  infection  were  studied.  The  renal  changes  were  similar  in  all 
three  types  of  infections. 

Bxperimeiit  15. — Rabbit;  male;  weight  1,040  grams.  Inoculated  subcutaneously  with 
pasteurella.  An  abscess  developed.  Thirteen  days  later  the  animal  was  killed.  Weight  890 
grams. 

Kidneys :   gross   examination.     There   are  no   marked  changes   from   the   normal. 

Microscopic  examination.  The  fresh  specimen  shows  a  large  number  of  dark  tubules. 
There  are  no  fatty  granules.  Paraffin  sections  show  considerably  less  than  half  the  tubules 
dark  (Fig.  3).  These  are  crowded  with  granules  which  tend,  in  some  tubules,  to  be  ar- 
ranged in  rows  in  the  basal  part.  The  rods  are  present  between  the  granules  and  are  very 
prominent  in  the  clear  tubules.  The  cells  of  the  tubules  are  swollen  so  that  no  lumina 
are  visible.     Frozen  sections  stained  with  sudan  iii  show  that  no   fat  is  present. 

Experiment  16. — Rabbit;  male;  weight  1,900  grams.  The  animal  was  inoculated  sub- 
cutaneously with  pasteurella.  A  large  abscess  developed.  Fourteen  days  later  the  animal 
died.     Weight  1,300  grams. 

Kidneys:  gross  examination.  Tiic  organs  show  some  postmortem  discoloration.  The}- 
are  not  swollen. 

Microscopic  examination.  The  fresh  specimen  shows  numerous  dark  tubules  filled 
with  albuminous  granules.  Xo  fatty  granules  are  present.  Paraffin  sections  show  numer- 
ous dark  tubules  filled  with  deeply  staining  granules.  These  are  confined  to  the  basal  part 
of  the  cells  in  only  a  few  tubules.  Tlie  rods  are  not  present.  No  fat  can  be  demonstrated 
in  frozen  sections. 

Experiment  /r— Rabbit ;  male;  weight  2,010  grams.  Phonolsulphonephthalein  test,  75 
per  cent  for  the  first  two  hours.  The  urine  was  normal.  Inoculated  subcutaneously  with 
pasteurella.  An  abscess  developed.  Ten  days  later  piienolsulpiionephthalein  test  was  75 
per  cent.  Two  days  later  an  examination  of  the  urine  showed  a  faint  trace  of  albumin 
and  a  few  hyaline  casts.  Thirteen  days  after  inoculation  the  animal  died.  Weight  1.360 
grams. 

Kidneys:  gross  examination.  Tiie  organs  show  some  postmortem  discoloration.  They 
are  not  swollen. 

Microscopic  examination.     The   froh  specimen  shows  numerous  dark  tubules  contain- 
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ing  albuminous  granules.  Paraffin  sections  show  the  cells  of  slightly  less  than  half  the 
tubules  filled  with  albuminous  granules.  A  few  of  the  tubules  have  wide  lumina  and 
fragmented  cells.  There  is  often  albuminous  material  within  the  lumina  of  the  tubules. 
The  rods  are  not  present. 

Experiment  i8. — Rabbit;  male;  weight  1,470  grams.  The  rabbit  had  had  a  spon- 
taneous abscess  on  the  jaw  which  had  been  noticed  for  abooit  a  month.  Nine  days  after  I 
received  the  rabbit  it  was  killed.     Weight   1,170  grams. 

Kidneys:  gross  examination.  The  organs  were  not  swollen.  The  cut  surfaces  are 
moderately  cloudy. 

]\Iicroscopic  examination.  The  fresh  preparation  shows  a  large  number  of  dark  tubules 
which  are  filled  with  albuminous  granules.  Paraffin  preparations  show  the  cells  of  slightly 
more  than  half  the  tubules  filled  with  deeply  st-ained  granules.  The  rods  of  Heidenhain 
are  prominent  in  places  between  the  granules.     No  fat  is  present. 
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Fig.  3. — Exp.   15.     Kidney  frona  a  case  of  chronic  infection.     Zenker-formol.     Iron-hematoxylin.     There  is  a 
considerable  increase  in  the  number  of  dark  tubules.     Photomicrograph.     X  80. 


Experiment  ig. — Rabbit;  male;  weight  2,000  grams.  The  left  kidney  was  removed. 
One  week  later  the  rabbit  was  inoculated  with  B.  proteits.  A  diffuse  infection  resulted. 
Eight  days  after  the  inoculation  the  animal   died. 

Right  kidney :  gross  examination.  The  organ  is  markedly  swollen.  The  cut  surface 
is   succulent  and   slightly  pale. 

Microscopic  examination.  The  fresh  preparation  shows  numerous  dark  tubules  filled 
with  albuminous  granules.  Some  of  these  granules  are  verj'  large.  Paraffin  sections  show 
the  cells  of  slightly  more  than  one-half  of  the  tubules  filled  with  deeply  staining  granules. 
The  rods  are  not  present.  (The  rabbit  had  been  dead  for  some  time  when  it  was  found.) 
The  lumina  of  most  of  the  tubules  are  obliterated  by  the  swollen  cells.  No  fat  can  be 
demonstrated. 

Experiment  20. — Rabbit;  female;  weight  1,850  grams.  Inoculated  subcutaneously  with 
pasteurella.  An  extremely  large  abscess  developed.  Nine  days  later  the  left  kidney  was 
removed.     Weight   1,330  grams.     The  next  day  the  animal  was   killed. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  There  is  no  noticeable 
cloudiness. 
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Microscopic  examination.  The  fresh  specimen  shows  numerous  dark  tubules  which 
are  filled  with  albuminous  granules.  These  granules  are  very  irregular  in  size.  Paraffin 
preparations  show  a  little  less  than  one-half  the  tubules  dark.  These  are  crowded  with 
darkly  staining  granules.  The  granules  are  very  large  in  certain  tubules.  The  rods  of 
Heidenhain  are  present  between  the  granules  in  the  basal  portion  of  the  cells.  Sections 
stained  for  fat  show  a  little  present  in  a  few  of  the  convoluted  and  collecting  tubules. 

Right  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  slightly 
cloudy. 

Microscopic  examination.  The  microscopic  examination  shows  a  few  more  dark 
tubules  than  in  the  left  kidney.     Otherwise  they  are  the  same. 

Experiment  21. — Rabbit ;  male ;  weight  1,520  grams.  Phenolsulphonephthalein  test,  80 
per  cent.  Inoculated  subcutaneously  with  B.  proteiis.  Six  days  later,  phthalein  test,  75 
per  cent.  Nine  days  after  inoculation,  phthalein. test,  50  per  cent.  Killed  ninth  day  after 
inoculation.     Weight,  1,200  grams.  , 

Kidney :  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  succulent  and 
cloudy. 

Microscopic  examination.  Fresh  preparations  show  a  large  number  of  dark  tubules 
present  which  contain  albuminous  granules.  Paraffin  preparations  show  over  one-half  of 
the  tubules  filled  with  darkly  staining  granules.  The  rods  are  well  preserved.  Fat  stains 
show  only  a  very  few  fatty  granules  in  some  of  the  tubules. 

Experiment  22. — Rabbit ;  male ;  weight  1,610  grams.  Phenolsulphonephthalein  test,  70 
per  cent.  The  rabbit  was  inoculated  subcutaneously  with  B.  protcus.  A  diffuse  infection 
resulted.  Three  days  later  the  phthalein  test  was  the  same.  Five  days  after  the  inocula- 
tion the  animal  died.     Weight   1,090  grams. 

Kidneys :  gross  examination.  No  swelling  is  present.  The  cut  surfaces  are  succulent 
but  not  cloudy. 

Microscopic  examination.  The  fresh  preparation  shows  a  large  number  of  moderately 
dark  tubules.  Paraffin  preparations  show  that  about  half  of  the  tubules  are  dark.  The 
number  of  granules  is  less  than  in  pronounced  cases.  Considerable  fat  was  demonstrated 
in  some  of  the  convoluted  tubules  and  in  the  collecting  tubules. 

Experiment  23. — Rabbit;  male;,  weight  1,910  grams.  Urine  examination  showed  noth- 
ing abnormal.  Phenolsulphonephthalein  test,  80  per  cent.  Inoculated  subcutaneously  with 
B.  protcus.  A  large  abscess  developed.  Nine  days  later,  phthalein  test,  70  per  cent.  The 
urine  showed  a  faint  trace  of  albumin  but  no  casts.  Eleven  days  after  inoculation  the  left 
kidney  was  removed.     Weight  1,660  grams.     Death  on  the  twelfth  day. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  succulent 
and  markedly  cloudy. 

Microscopic  examination.  The  fresh  specimen  shows  an  extremely  large  number  o< 
dark  tubules  filled  with  albuminous  granules.  Paraffin  preparations  show  more  than  half 
of  the  tubules  dark,  due  to  the  presence  of  deeply  stained  granules  within  the  cytoplasm 
of  the  cells.  The  rods  of  Heidenhain  are  present  in  the  basal  part  of  the  cells  between 
the  granules.    The  cytoplasm  of  the  cells  in  all  the  tubules  is  intact.     No  fat  is  present. 

Experiment  24. — Rabbit;  male;  weight  1,555  grams.  The  left  kidney  was  removed. 
An  abscess  developed  at  the  site  of  the  operation.     Killed   18  days  after  nephrectomy. 

Right  kidney.  The  organ  is  swollen.  The  cut  surface  is  succulent  and  extremely 
cloudy. 

Microscopic  examination.  Fresh  preparations  show  extremely  numerous  dark  tubules 
Paraffin  sections  show  most  of  the  tubules  dark,  due  to  the  presence  of  decplv  stained 
granules.     Sections  stained   for  fat  show  none  present. 

Experiment  23. — Rabbit;  female;  weight  2,210  grams.  Inoculated  with  B.  f^roleus. 
A  large  abscess  developed.     Twelve  days  later  the  animal  died.     Weight  1,775  grams. 

Kidneys:  gross  examination.  The  organs  arc  markedly  swollen.  The  cut  surface  is 
succulent  and  distinctly  cloudy. 

Microscopic  examination.  The  fresh  specimen  shows  a  large  number  of  dark  tubules 
which  are  fillecl  witli  albuminous  granules.  Paraffin  sections  show  the  cells  of  a  majority 
of  the  tubules  filled  with  alhuminous  granules.  The  rods  of  Heidenhain  are  not  present. 
(The  kidneys  were  not  obtained  until  some  time  postmortem.)  The  cytoplasm  of  the  cells 
appears  intact  in  all  the  tubules. 

E.yferiinciit  26. — Rabbit;   female;  weight   1.730  grams.     Inoculated  subcutaneously  with 
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pasteurella.  An  abscess  resulted.  Twenty-three  days  later  the  animal  was  killed.  Weight 
1,105   grams. 

Kidney:  gross  examination.  The  organ  is  not  swollen.  The  cut  surface  is  moist 
and  moderately  cloudy. 

Microscopic  examination.  There  are  numerous  dark  tubules  filled  with  albuminous 
granules.  Paraffin  sections  show  the  greater  number  of  the  convoluted  tubules  dark  and 
filled  with  granules.  These  granules  tend  to  be  confined  to  the  basal  portion  of  the  cells. 
The  rods  are  prominent  between  the  granules.  The  cells  of  most  of  the  tubules  are  swollen 
so  that  no  lumen  is  visible.  There  are  a  few  lubules,  however,  which  have  distinct  lumina 
and  these  often  contain  albuminous  material.  No  fat  could  be  demonstrated  in  frozen 
sections. 

Experiment  27. — Rabbit;  male;  weight  1,850  grams.  The  animal  was  recovering  from 
a  pasteurella  abscess.  It  was  inoculated  with  pasteurella.  Fourteen  days  later  it  was 
killed.     Weight  1,565  grams.  ^ 

Kidney:  gross  examination.  The  organ  is  moderately  swollen.  The  cut  surface  is 
slightly  cloudy  and  succulent. 

Microscopic  examination.  The  fresh  preparation  shows  numerous  dark  tubules  which 
are  filled  with  albuminous  granules.  Paraffin  sections  show  most  of  the  tubules  -dark,  due 
to  the  presence  of  darkly  staining  granules  within  the  cells.  In  a  few  tubules  they  are 
arranged  in  rows  between  the  rods  of  Heidenhain.  The  rods  of  Heidenhain  are  present 
in  places  between  the  granules  and  are  very  prominent  in  the  less  granular  tubules.  There 
are  some  dilated  tubules  which  contain  casts  and  albuminous  material.  No  fat  could  be 
demonstrated. 

Experiment  28. — Rabbit ;  male ;  weight  1,945  grams.  The  urine  was  normal.  Phenol- 
sulphonephthalein,  81  per  cent.  Inoculated  subcutaneously  with  B.  proteus.  An  abscess 
developed.  Nine  days  later  the  urine  was  normal  and  the  phenolsulphonephthalein  test 
was  about  the  same.     Eleven  days  after  inoculation  the  animal  was  killed. 

Kidney's :  gross  examination.  The  organs  are  markedl}-  swollen.  The  cut  surfaces 
are  definite^  cloudy  and  succulent. 

Microscopic  examination.  The  fresh  preparation  shows  a  large  number  of  dark 
tubules.  Paraffin  sections  show  that  almost  all  the  tubules  are  dark.  The  granules  vary 
considerably  in  size.     The  rods  are  well  preserved  and  prominent. 

Experiment  29. — Rabbit ;  male.  Inoculated  with  pasteurella.  A  large  subcutaneous 
abscess  developed.     Three  weeks  after  inoculation  the  animal  was  killed. 

Kidney:  gross  examination.  No  swelling  is  present.  The  cut  surface  is  distinctly 
cloudy. 

Microscopic  examination.  The  fresh  preparation  shows  numerous  dark  tubules  with 
albuminous  granules.  Paraffin  preparations  show  almost  all  the  convoluted  tubules  dark, 
due  to  the  presence  of  numerous  darkly  staining  granules  within  the  cells.  These  granules 
vary  in  size.  Some  are  half  the  size  of  the  nucleus.  The  rods  show  in  the  basal  part  of 
the  tubules  between  the  granules.  The  cytoplasm  of  the  cells  of  all  the  tubules  is  intact. 
No  fat  is  present. 

Experiment  30. — Rabbit;  male;  weight  1,560  grams.  Phenolsulphonephthalein  test,  75 
per  cent.  Inoculated  subcutaneously  with  B.  proteus.  An  abscess  developed.  Thirteen 
days  later  phthalein  test  was  85  per  cent.  The  urine  showed  a  trace  of  albumin  but  no 
casts.     The  animal  died  shortly  after  the  phthalein  test  was  made. 

Kidneys:  gross  examination.  The  organs  are  not  swollen.  The  cut  surfaces  are 
slightly  pale.     The  inner  part  of  the  medulla  is  extremely  light  colored. 

Microscopic  examination.  The  fresh  specimen  shows  numerous  dark  tubules.  Paraf- 
fin sections  show  that  almost  every  convoluted  tubule  is  dark.  The  rods  are  distinctly 
visible  in  most  of  the  tubules.     No  fat  is  present. 

Experiment  31. — Rabbit ;  male ;  weight  2,140  grams.  Inoculated  subcutaneously  with 
pasteurella.  A  large  abscess  resulted.  Twelve  days  later  the  animal  died.  Weight  1,365 
grams. 

Kidneys:  gross  examination.  There  is  no  swelling  present.  The  cut  surface  is  moist 
and  definitely  cloudy. 

Microscopic  examination.  The  fresh  specimen  shows  numerous  dark  tubules  filled 
with  albuminous  granules.  Paraffin  sections  show  almost  all  the  tubules  dark,  due  to  the 
presence  of  darkly  staining  granules.     In  but   few  tubules  are  they  confined  to  the  basal 
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part  of  the  cells.     The  rods  are  present  in  the  basal  part  of  the  cells  between  the  granules. 
The  cells  of  the  tubules  are  swollen  so  as  to  obliterate  the  lumina. 

Zenker  fixation.  Paraffin  preparations  show  no  dark  tubules.  The  granules  are  ab- 
sent with  the  exception  of  a  few  scattered  ones  in  some  of  the  tubules.  These  do  not 
stain  intensely  with  iron-hematoxylin. 

Experiment  32. — Rabbit ;  male ;  weight  2,260  grams.  The  animal  was  inoculated  sub- 
cutaneously  with  pasteurella.  A  large  abscess  resulted.  Twelve  days  later  the  left  kid- 
nty  was  removed.  Weight  1,690  grams.  Three  weeks  after  the  inoculation  the  animal 
was  killed.     Weight  1,325  grams. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  moist 
and  slightly  cloudy. 

Microscopic  examination.  The  fresh  preparation  shows  numerous  dark  tubules  filled 
with  albuminous  granules.  In  some  of  the  cells  the  granules  are  as  large  as  the  nucleus. 
There   are   a   few  granules   which  do   not  burst   upon   the   addition   of   alkali   but   dissolve 
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[.'ig.  4. — Uxp.  32.     Kidney  from  a  case  of  chronic  infection.      Zenker-formol.      Iron-hematoxylin.     There  is  a 
very  marked  increase  in  the  number  of  dark  tubules.     Photomicrograpli.     X  80. 


gradually.  These  are  less  refractive  than  the  other  granules.  Paraffin  preparations  show 
the  greater  number  of  tubules  to  be  extremely  dark,  due  to  the  accumulation  of  darkly 
staining  granules  within  the  cells  (Fig.  4).  In  some  tubules  these  granules  are  immense, 
being  as  large  as  the  nucleus  (Figs.  5  and  6).  Most  of  the  granules  are  spherical,  but  some 
are  oval  and  others  spindle-shaped.  The  rods  are  distinctly  visible  in  places  between  the 
granules.  The  cells  of  the  tubules  are  swollen  so  that  the  lumina  are  almost  all  obliterated. 
No  fat  is  present. 

Right  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  ex- 
tremely cloudy  and  succulent. 

Microscopic  examination.  There  are  more  dark  tubules  than  in  the  left  kidney  and 
the  granules  are  larger.     Otherwise  the  kidneys  are  the  same.     There  is  no  fat  present. 

Zenker  fixation  (right  kidney).  Paraffin  sections.  The  granules  are  absent  except 
in  relatively  few  tubules.  There  are  numerous  light  spaces  in  the  cytoplasm  of  the  cells. 
These  are  probably  the  spaces  from  which  the  granules  have  boon  dissolved  out. 

Bxpcrimcnts  33-50. — In  a  large  number  of  experiments  the  rabbits  died  within  one  to 
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four  days  after  the  inoculation.  The  pictures  presented  by  the  kidneys  in  these  cases  were 
almost  absolutely  uniform  and  may  all  be  described  together.  Grossly,  the  kidney  is  swol- 
len. The  cut  surface  is  succulent  but  not  cloudy.  The  inner  part  of  the  medulla  is  often 
extremely  light  colored.  Microscopically,  the  fresh  tissue  shows  no  dark  tubules.  There 
is  often  fat  present  in  the  form  of  small  droplets.  Paraffin  preparations  show  no  dark 
tubules.  There  are  usually  a  few  granules  in  some  of  the  tubules.  There  are  usually 
some  tubules  in  which  the  cells  are  disintegrated.  The  lumina  of  these  tubules  are  wide 
and  contain  albuminous  material  or  casts.  The  rods  are  absent  or  if  present  at  all  may 
be  made  out  in  only  a  part  of  the  tubules.  There  are  usually  a  number  of  small  fat  drop- 
lets in  the  collecting  tubules  and  in  many  of  the  convoluted  tubules  near  the  medulla. 

It  will  be  seen  from  the  foregoing  that  the  experiments  on  infection  may 
be  divided  into  two  groups :   (1)   a  chronic  or  subacute  type  iii  which  the  rab- 
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Fig.  5. — Exp.  32.     Small  area  from  Fig.  4.     The  granules  are  very  large  and  occupy  the  greater  part  of  the 

cells.     Photomicrograph.     X  500. 

bits  lived  more  than  a  week;  (2)  an  acute  type  in  which  the  animals  died  within 
•  the  first  few  days. 

The  characteristic  picture  found  in  kidneys  of  the  first  group  of  animals 
(Exps.  15  to  32)  is  as  follows: 

Gross  examination.  The  gross  picture  is  variable.  In  some  cases  the  cor- 
tex is  distinctly  cloudy  and  swollen,  but  in  other  cases  these  features  are  barely 
noticeable.     The  medulla  rarely  shows  any  change.     The  cut  surface  is  moist. 

Microscopic  examination  (fresh).  The  fresh  crushed  specimen  shows,  un- 
der low  power,  a  large  number  of  dark  tubules.  These  are  seen  upon  high  mag- 
nification to  be  filled  with  weakly  refractive,  definitely  circumscribed  granules, 
which  almost  conceal  the  nuclei.  Upon  addition  of  alkali  these  granules  dis- 
appear like  the  bursting  of  a  bubble,  leaving  the  tubules  light  and  the  nuclei 
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clearly  visible.  These  granules  are  also  present  in  the  light  tubules,  but  they 
are  fewer  and  scattered.  In  the  more  pronounced  cases  almost  every  convoluted 
tubule  may  be  dark.  In  these  instances  some  tubules  contain  immense  granules, 
almost  as  large  as  the  nucleus.  These  also  burst  upon  the  addition  of  alkali. 
No  fatty  granules  are  present. 

In  severe  cases  there  appears  another  type  of  granule.  This  is  less  refrac- 
tive than  the  former  type  and  dissolves  gradually  in  alkali. 

Fixed  and  stained  preparations.  Hematoxylin  and  eosin.  The  cells  of  the 
convoluted  tubules  appear  swollen,  their  inner  borders  projecting  into  and  of- 
ten obliterating  the  lumina.     The  cytoplasm  stains  well  and,   with  low  power, 
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I'ig.  6. — Kxp.  32.     Drawing  of  small  area  from   Fig.  4,  showing  details  of  structure.     X  660. 

seems   to   be   perfectly   homogeneous.     Upon   examination   with    oil    immersion, 
however,  the  granules  can  be  seen  as  bright  red  staining  bodies. 

Iron-hematoxylin.  The  cells  of  the  greater  number  of  convoluted  tubules 
are  seen  to  be  filled  with  intensely  staining  granules.  These  are.  as  a  rule, 
more  numerous  in  the  basal  portion  where  they  often  .show  a  tendency  to  be 
arranged  in  rows.  In  ihe  inner  portion  of  the  cells  they  are  irregularly  scat- 
tered through  the  cytoplasm.  In  snmc  tuliules  the  granules  are  distributed  uni- 
formly through  the  whole  cell.  .A.s  described  in  the  fresh  specimen,  the  size 
of  the  granules  varies.  In  ihc  more  proinuim-od  cases  they  are  very  irregular 
in  size,  some  being  as  large  as  tlie  nucleus.  Most  of  the  granules  appear  spher- 
ical, but  tlicrc  arc  also  oval  and  spindle-shaped  ones  in  some  of  the  tubules. 
The  rods  of  Heidenhain  may  be  seen  in  places  between  the  masses  of  granules 
and  are  very  i)rominont  in  the  less  granubir  tubules.     There  is  no  fat  present. 
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The  characteristic  picture  of  kidneys  of  the  second  group  of  animals  (Exps. 
35-50)  is  as  follows : 

Gross  examination.  The  gross,  as  a  rule,  shows  no  change,  but  sometimes 
the  organ  is  succulent  and  swollen.     In  some  cases  the  inner  part  of  the  medulla 

is  extremely  pale. 

Microscopic  examination.  In  fresh  preparations  there  are  no  dark  tubules. 
There  are  generally  a  few  albuminous  granules,  however,  scattered  through  the 
tubules.  There  are  often  scattered  albuminous  granules  which  do  not  dissolve 
upon  the  addition  of  acid  or  alkali.     These  are  often  particularly  numerous  in 

the  glomeruli. 

Fixed  and  stained  preparations.  Hematoxylin  and  eosin.  There  is  always 
a  varying  number  of  tubules  with  wide  lumina  containing  albuminous  material 
and  sloughed  off  portions  of  cells.  The  inner  borders  of  the  cells  in  many  of 
the  tubules  contain  vacuoles.    These  often  give  a  ragged  appearance  to  the  cells. 

In  fixed  material  stained  with  iron-hematoxylin,  the  dark  tubules  are  found 
to  be  entirely  absent.  A  varying  number  of  tubules  contain  small  sparsely 
scattered  granules  which  do  not  often  show  any  tendency  to  be  arranged  in 
rows.  The  rods  are  absent  as  a  rule.  In  some  of  the  kidneys  they  are  present 
in  a  few  of  the  tubules,  but  absent  in  the  greater  number.  In  these  acute  cases 
there  are  often  darkly  staining  bodies  in  the  glomeruli.  There  is  considerable 
fat  in  the  form  of  fine  granules  in  the  collecting  tubules  and  in  the  convoluted 
tubules  near  the  medulla. 

The  most  striking  difference  between  the  kidneys  of  acute  and  those  of 
chronic  infections  is  the  almost  complete  absence  of  albuminous  granules  in  the 
former  and  their  presence  in  enormous  numbers  in  the  latter. 

In  the  acute  cases  the  renal  tubules  always  show  much  more  marked  signs 
of  injury  than  they  do  in  the  chronic  cases.  In  the  chronic  group  the  phthalein 
test  remains  usually  about  normal  and  the  cell  structure  is  well  preserved.  These 
facts  suggest  that  the  marked  increase  of  albuminous  granules  is  not  a  degenera- 
tive change. 

The  number  of  dark  tubules  is  greatest  in  those  cases  where  there  has  been 
an  extreme  but  very  gradual  loss  of  weight  (Exps.  29-32).  The  albuminous 
granules  in  the  dark  tubules  in  the  chronic  cases  are  larger  and  more  numerous 
than  those  in  the  dark  tubules  of  a  normal  kidney.  In  some  cases  they  attain 
an  enormous  size,  sometimes  being  as  large  as  the  nucleus.  The  large  granules 
are  probably  formed  by  fusion  of  smaller  granules,  since  the  granules  are  fewer 
in  cells  containing  the  large  types. 

The  albuminous  granules  in  the  chronic  cases  closely  resemble  the  granules 
of  the  dark  tubules  of  the  normal  kidney.  They  burst  when  sodium  hydroxid 
is  applied,  and  they  disappear  in  acetic  acid  solutions.  They  are  fixed  and 
stained  by  the  same  procedures.  They  are  entirely  different  from  the  hyahne 
granules  often  seen  in  human  nephritic  kidneys.  They  are  evidently  thin-walled 
vesicles  filled  with  fluid  and  not  solid  bodies. 

In  very  severe  infections  one  often  sees  granules  that  are  less  refractive 
than  those  described  above.  These  granules  disappear  gradually  in  sodium  hy- 
droxid.    They  do  not  burst  in  this  solution. 

There  is  no   fat  present  in  the  chronic   cases.     There   is  no  evidence  that 
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this  increase  of  albuminous  granules  is  in  any  way  related  to  the  formation  of 
fat. 

Fat  droplets  appear  in  the  acute  cases.  It  seems  that  toxic  substances  which 
cause  the  formation  of  fat  droplets  at  the  same  time  destroy  the  albuminous 
granules. 

The  gross  changes  in  the  kidneys  of  the  chronic  cases  usually  vary  in  de- 
gree, depending  upon  the  number  of  albuminous  granules  present.  Sometimes, 
however,  there  are  many  more  granules  present  than  is  suggested  by  the  gross 
picture.  The  kidneys  are  sometimes  ver}^  opaque,  but  a  typical  "cooked  ap- 
pearance" was  never  obtained. 

EFFECT   OF  ACUTE   INFECTIONS   UPON   THE   KIDNEYS  OF   CHRONIC   CASES. 

It  has  already  been  shown  (Exps.  33-50)  that  acute  infections  cause  the 
disappearance  of  the  albuminous  granules  of  normal  kidneys.  Exps.  51  and  52 
were  made  to  determine  the  effect  of  acute  infections  upon  the  kidneys  of  chronic 
cases  which  contain  enormous  numbers  of  albuminous  granules. 

Experiment  51. — Rabbit ;  male ;  weight  2,395  grams.  The  animal  was  inoculated  with 
proteus.  Four  days  later  the  left  kidney  was  removed.  Weight  2,175  grams.  The  ani- 
mal was  then  reinoculated  with  a  large  dose  of  proteus  intended  to  be  rapidly  fatal.  Death 
the  next  day.     Weight  2,080  grams. 

Left  kidney:  gross  examination.  The  organ  is  swollen.  There  is  no  cloudiness 
present. 

Microscopic  examination.  Dark  tubules  are  present  in  the  fresh  preparation.  Paraf- 
fin sections  show  about  half  of  the  tubules  moderately  dark.  These  tubules  contain  fewer 
dark  granules  than  the  dark  tubules  of  more  severe  infections.  The  rods  are  well  pre- 
served.    The  cj^toplasm  of  the  cells  is  intact  in  all  of  the  tubules. 

Right  kidney:  gross  examination.  The  organ  is  swollen.  The  cut  surface  is  suc- 
culent but  not  cloudy.     The  inner  part  of  the  medulla,  however,  is  extremely  pale. 

Microscopic  examination.  The  fresh  preparation  shows  no  dark  tubules  although 
there  are  a  few  albuminous  granules  in  some  of  the  tubules.  Parafiin  preparations  show- 
no  dark  tubules.  The  cytoplasm  of  the  cells  of  manj-  of  the  tubules  is  fragmented.  The 
lumina  of  these  tubules  are  wide  and  often  contain  albuminous  material.  The  rods  are 
well  preserved  in  only  a  few  tubules. 

Experiment  5.?.— Rabbit ;  male;  weight  1,890  grams.  Phenolsulphonephthalein  test, 
68  per  cent.  The  animal  was  inoculated  subcutaneously  with  B.  proteus.  Thirteen  days 
later  the  phthalein  test  was  70  per  cent.  Weight  1,150  grams.  The  animal  was  then  given 
a  very  large  dose  of  B.  proteus.     Death  the  next  day. 

Kidneys:  gross  examination.  The  kidneys  are  swollen.  The  cut  surfaces  are  suc- 
culent and  moderately  cloudy. 

Microscopic  examination.  There  are  no  dark  tubules  in  the  fresh  preparation.  Par- 
affin sections  show  no  dark  tubules.  There  are  a  few  scattered  darkly  staining  granules 
in  some  of  the  tubules,  however.  Tiic  rods  of  Heidenhain  are  present  in  most  of  the 
tubules.  A  few  of  the  tubules  are  dilated  and  contain  casts  and  albuminous  material 
within  their  lumina.  The  cells  of  a  few  tubules  are  fragmented  on  their  inner  borders. 
Sections  stained  for  fat  show  a  considerable  quantity  present  in  the  convoluted  and  col- 
lecting tubules  in  the   form  of  fine  prnnulc;. 

ETIOLOGY    AND    ULTIM.\TE    SIGNIFICANCE    OF    CLOUDY    SWELLING. 

Various  interpretations  of  cloudy  swelling  are  to  be  found  in  the  literature. 
The  ideas  may  be  grouped  as  follows: 

1.  Excessive  functional  activity.  This  was  the  belief  of  \'irchow.  He 
regarded  the  granules  as  nutritive  material  taken  into  the  cells  but  not  assimi- 
lated.    r.irch-Hirschfeld   recognized   one  kind   of  cloudy   swelling  of  this   tvpe. 
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and  another  in  which  the  granules  represent  surplus  waste  material.  Albrecht 
and  Landsteiner  interpret  some  cases  of  cloudy  swelling  (compensatory)  as 
due  to  increased  physiological  activity.  Adami  believes  that  the  granules  are 
due  to  excessive  and  prolonged  stimulation  of  the  cells. 

2.  Coagulation  or  precipitation  theory.  Cohnheim,  Rindflcisch  and  Klebs 
believed  that  the  granules  are  formed  from  the  coagulation  of  fluid  albumins 
in  the  cells.  Klebs  and  Fischer-'  explained  the  coagulation  as  due  to  acid  forma- 
tion in  the  cytoplasm. 

3.  Degeneration  theory.  Many  authors  regard  cloudy  swelling  as  essen- 
tially a  degenerative  process.  It  is  explained  as  due  to  decreased  oxidation 
(Benario),  to  poisonous  substances  (Ribbert.  Schilling),  and  to  decreased  nu- 
trition (Thoma).  Others  who  subscribe  to  this  view  are  Birch-Hirschfeld,  Al- 
brecht (one  type  of  cloudy  swelling),  Volhard  and  Fahr.  Some  observers  em- 
phasize the  intimate  relation  between  cloudy  swelling  and  fatty  metamorphosis 
(Benario,  von  Recklinghausen,  Ziegler,  Birch-Hirschfeld,  Ribbert,  Rindfleisch, 
Wells,-*  Thoma,  and  Adami).  Many  believe  that  cloudy  swelling  is  a  process 
that  may  readily  pass  into  definite  cell  degeneration  and  necrosis  (Virchow, 
Cohnheim,  Ziegler,  Ribbert,  Rindfleisch,  Thoma,  Adami,  Volhard  and  Fahr). 

4.  Emulsification  theory.  Albrecht  believes  that  one  form  of  cloudy  swell- 
ing represents  an  emulsification  of  the  cytoplasm,  due  to  imbibition  of  fluid 
and  separation  of  lipoidal  substances.  Von  Gierke  and  Anitschkow-^  accept 
this  interpretation  in  a  modified  form. 

Albrecht  recognized  three  fundamental  types  of  cloudy  swelling:  emulsifi- 
cation, excessive  function,  and  disintegration.  Some  other  observers  also  be- 
lieve that  there  is  more  than  one  fundamental  process  concerned. 

Nearly  all  the  authors  mentioned  above  have  worked  exclusively  with  hu- 
man cloudy  swelling.  It  is  easily  possible  that  some  of  the  processes  involved 
here  are  different  from  those  concerned  in  the  rabbit  kidney. 

My  observations  indicate  that  the  cloudy  swelling  occurring  in  tartrate  ne- 
phritis is  due  to  edema,  anemia,  fat,  tissue  disintegration,  etc.,  and  is  not  as- 
sociated at  all  with  albuminous  granules. 

But  the  cloudy  swelling  of  the  kidney  following  chronic  infections  is  evi- 
dently due  in  part  to  a  marked  increase  of  albuminous  granules  in  the  cells. 
This  type  of  cloudy  swelling  is  probably  not  a  degenerative  process,  since  the 
phthalein  test  nearly  always  shows  normal  functional  activity  (Exps.  17,  23, 
28,  30).  It  seems  to  be  a  physiological  response  to  an  increased  quantity  of  pro- 
tein waste  products  in  the  blood. 

DISCUSSION. 

Much  of  the  confusion  in  the  diagnosis  of  cloudy  swelling  is  due  to  lack 
of  agreement  among  pathologists  as  to  what  constitutes  the  gross  picture.  If 
we  make  the  diagnosis  only  when  the  organ  looks  "cooked,"  then  we  shall 
almost  invariably  find  this  gross  picture  associated  with  a  marked  increase  of 
albuminous  granules  in  the  cells.  If  we  take  the  position  that  this  classical  pic- 
ture and  this  alone  constitutes  cloudy  swelling,  then  the  condition  becomes  very 
rare.  All  the  milder  degrees  of  this  same  process  would  be  excluded,  since  the 
typical  "cooked"  appearance  occurs  only  when  the  cells  are  crowded  with  al- 
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buminous  granules.  This  definition  of  cloudy  swelling  would  also  exclude  all 
the  experimental  lesions  described  in  this  paper,  since  none  of  them  had  the 
typical  "cooked"  appearance. 

The  average  pathologist  often  makes  a  diagnosis  of  cloudy  swelling  in  an 
organ  that  is  merely  turbid  and  swollen,  in  the  absence  of  the  typical  "cooked" 
appearance,  and  without  a  microscopic  examination  of  the  fresh  tissue.  If  the 
term  is  used  in  this  sense  then  cloudy  swelling  becomes  one  of  the  most  fre- 
quent of  autopsy  findings.  Cloudiness  and  swelling  in  an  organ  may  be  due 
to  edema,  anemia,  fat,  albuminous  granules,  tissue  disintegration,  etc.  This  use 
of  the  term  obviously  makes  it  include  several  distinct  pathologic  phenomena. 

In  my  experiments  the  kidneys  of  animals  injected  with  tartrates  and  auto- 
lyzed  liver  tissue  were  often  swollen  and  cloudy.  These  changes  in  the  gross 
appearances  were  apparently  due  to  edema,   anemia,  tissue  disintegration,   etc. 

The  kidneys  from  the  cases  of  chronic  infections  were  also  often  cloudy 
and  swollen,  but  here  the  gross  changes  were  due  mainly  to  an  enormous  in- 
crease of  albuminous  granules. 

In  my  opinion  the  term,  cloudy  swelling  should  be  dropped  out  of  patho- 
logic literature.  The  classical  cloudy  swelling  is  merely  an  intense  accumula- 
tion of  albuminous  granules  in  the  cells  and  is  more  clearly  described  as  such. 
If  the  term  is  to  be  used  to  describe  a  turbid  swollen  organ,  it  becomes  worse 
than  useless,  since  it  groups  together   several  unrelated  pathologic  phenomena. 

There  would  be  less  confusion  if  the  term  cloudy  swelling  were  discarded 
entirely  and  the  several  phenomena  which  produce  this  appearance  were  con- 
sidered separately.  Thus,  instead  of  studying  cloudy  swelling,  we  should  studv 
the  increase  of  albuminous  granules,  edema,  fatty  metamorphosis,  emulsifica- 
tion  of  the  cytoplasm,  etc. 

SUMMARY. 

The  normal  rabbit  kidney  always  contains,  in  the  convoluted  tubules,  coarse 
albuminous  granules.  Usually  these  granules  are  so  numerous  in  a  few  tubules 
that  these  appear  dark  in  the  fresh  tissue.  The  granules  are  apparently  thin- 
walled  vesicles  filled  with  fluid.  They  are  best  fixed  by  solutions  containing 
formalin.     They  are  not  fixed  in  solutions  containing  acetic  acid. 

When  one  kidney  is  removed  the  dark  tubules  are  increased  in  the  opposite 
kidney  during  the  first  twenty-four  or  forty-eight  hours,  but  the  increase  of 
albuminous  granules  is  not  sufficient  to  cause  any  definite  change  in  the  gross 
appearance  of  the  kidney. 

Subcutaneous  injections  of  tartrates  produce  a  swollen,  cloudy  kidney,  but 
there  is  no  increase  of  albuminous  granules.  The  cloudiness  and  swelling  are 
apparently  due  to  edema,  anemia,  tissue  disintegration,  etc. 

Intraperitoneal  injections  of  autolyzed  liver  tissue  produce  a  markedly  cloudy 
and  swollen  kidney.  Tlii'  albuminous  granules  disappear  entirely.  The  gross 
changes  are  apparently  due  to  the  same  factors  concerned  in  the  tartrate  experi- 
ments. 

Chronic  suppurative  processes  attended  with  marked  emaciation  cause  an 
enormous  increase  of  albuminous  granules  in  (he  kidneys.     These  granules  are 
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often  larger  than  the  normal  and  irregular  in  shape,  but  they  seem  to  have  the 
same  chemical  composition. 

Acute  toxemias  cause  a  rapid  disappearance  of  the  normal  albuminous  gran- 
ules. 

An  acute  toxemia  superimposed  upon  a  chronic  suppurative  process  causes 
a  disappearance  of  the  albuminous  granules. 

Kidneys  which  show  an  enormous  increase  of  albuminous  granules  usually 
give  a  normal  phthalein  output,  and  the  cells  are  usually  intact.  This  form  of 
cloudy  swelling  is  therefore  probably  not  a  degenerative  change,  but  a  physio- 
logical response  to  an  increase  of  protein  waste  products  in  the  blood. 

There  is  no  relation  between  the  formation  of  albuminous  granules  and 
fatty  metamorphosis. 

It  is  suggested  that  the  term  cloudy  swelling  be  discarded  and  that  the  sev- 
eral processes  producing  this  appearance  be  considered  separately. 
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PROGRESSIVE  LENTICULAR  DEGENERATION* 


By  Frede;ric  J.  Farneli.,  M.D.,  Providence;,  R.  I.,  and  Arthur  M. 
Harrington,  M.D.,  Howard,  R.  L 


IN  1912  Kinnier  Wilson^  described  in  detail  lenticular  disease  and  reported 
several  cases  with  necropsies.  During  the  last  three  years  several  observers 
have  expressed  their  views  as  to  the  exact  function  of  the  nuclei  of  the  corpus 
striatum.  Mingazzi-  has  referred  to  its  function  in  relation  to  the  motor  dis- 
orders and  sensory  accompaniments.  He  also  states  that  should  four-fifths  of 
the  left  nucleus  be  involved  that  dysarthria  might  occur.  Stocker,^  in  1913,  re- 
ported as  a  case  of  lenticular  disease,  one  in  which  the  external  ocular  muscles 
were  involved  in  addition  to  the  cardinal  symptoms  as  described  by  Wilson, 
still  the  tremor  was  only  slight  and  inconstant.  Autopsy  showed,  however,  a 
lobular  atrophy  of  the  liver  and  softening  of  both  corpus  striatum.  He  raises 
the  question  of  differential  diagnosis  between  lenticular  degeneration  and  mul- 
tiple sclerosis,  diffuse  sclerosis,  senile  and  juvenile  paralysis  agitans.  H.  Oppen- 
heim,*  in  1914,  described  three  cases  which  he  classed  as  cases  of  pseudosclerosis. 
All  his  cases  had  a  constant  general  body  tremor,  disturbances  in  speech  and 
emotional  instability.  His  feeling  was  that  they  were  closely  allied  to  Wilson's 
progressive  lenticular  degeneration,  but  he  did  not  refer  to  the  fact  that  in  cases 
heretofore  described  as  pseudosclerosis  there  was  no  disturbance  in  the  liver 
whereas  in  Wilson's  cases  the  liver  showed,  invariably,  a  toxic  cirrhosis.  A  case 
report,  described  by  Mills^  late  in  1914  revealed  at  necropsy  an  atrophy  of  a 
large  part  of  both  caudate  nuclei  and  a  symmetrical  sclerosis  of  the  anterior 
portion  of  each  lenticular  nucleus.  In  his  discussion  he  refers  especially  to  the 
symptoms  referable  to  the  caudate  nucleus  such  as  hypertonicity  and  paresis 
of  the  affective  motor  apparatus,  painful  emotional  expressions  and  various  other 
symptoms  probably  in  relation  to  the  cortico-autonomic  nervous  system.  In  ad- 
dition he  relates  its  possible  effect  upon  the  vasomotor  system,  causing  disturb- 
ances in  temperature,  pulse  and  glandular  activity.  In  his  case,  as  in  the  (me 
here  to  be  reported,  there  was  also  infringement  upon  the  internal  capsule.  There 
is  little  doubt,  however,  but  that  more  of  the  symptoms  were  due  to  extra- 
pyramidal lesions  and  should  contribute  a  few  facts  as  to  the  pathogenesis  of 
extra-pyramidal  disorders.  Cadwalader'"'  has  reported  a  case  with  autopsy  at 
which  time  a  bilateral  lesion  of  the  lenticular  nuclei  and  a  cirrhotic  liver  were 
found. 

It  is  because  of  the  great  interest  that  is  being  demonstrated  in  relation 
to  the  functions  of  the  lenticular  nucleus  and  the  symptoms  produced  by  its  dis- 
ease that  it  was  deemed  opportune  to  report  this  interesting  case  of  lenticular 
disease  with  the  autopsy  findings. 

Case. — H.  H.,  female,  age  19,  no  occupation,  single. 

Family  History. — It  was  considered  negative  for  two  generations.  The 
father  died  of  pulmonary  tuberculosis  and  the  mother  from  heart  disease.     One 


*From    the    Cliiiico-patlioloKical    Department,    Rlunlc    IsI.tihI    State    Hospital    for    Insane.      Prescnteil 
before  the  New  York  Neurological  Society,  January  -I,  1916. 
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brother  and  two  sisters  are  alive  and  well.  No  history  of  nervous  or  mental 
disease  as  far  as  could  be  ascertained. 

Personal  History. — The  patient  was  the  fourth  in  a  family  of  six  children. 
She  had  measles  as  a  child.  She  attended  school  from  five  until  fourteen,  reach- 
ing the  sixth  grade.  Her  reason  for  not  reaching  a  higher  grade  was  that  she 
had  to  remain  at  home  to  take  care  of  her  mother.  During  the  summer  of  1912 
she  was  employed  in  a  rubber  factory,  also  in  a  stocking  factory  for  two  weeks. 
She  left  the  first  place  because  she  was  nervous.  She  was  discharged  from  the 
second  position  because  of  pediculse  capitis.  The  patient  never  menstruated. 
She  had  no  serious  illness  until  the  present. 

Present  Condition. — Her  troubles  appear  to  date  back  four  years  when  she 
began  to  have  epileptoid  seizures,  the  description  of  which  it  has  been  hard  to 
obtain.  The  patient  called  them  convulsions.  She  had  three  at  or  about  the 
time  of  the  death  of  her  mother  in  1912.  Since  that  time  she  has  been  "ner- 
vous," sufifering  from  a  coarse  tremor  of  the  hands  and  legs  which  caused  her 
great  difficulty  in  coordinating.  During  the  month  of  May,  1913,  she  became 
so  incapacitated  that  she  was  admitted  to  the  Rhode  Island  General  Hospital. 

Abstract  from  the  Rhode  Island  General  Hospital.^ — The  patient  was  well 
nourished.  She  had  no  disturbance  in  her  internal  viscera  as  far  as  could  be 
ascertained.  She  had  no  pupillar)-  disorder.  The  superficial  abdominal  reflexes 
were  absent.  The  knee-jerks  were  exaggerated  unequally,  the  right  greater  than 
the  left.  There  was  a  suggestion  of  a  Babinski  sign  on  the  left  side.  The  gait 
was  somewhat  spastic.  There  was  no  disturbance  in  sensation.  The  extremities 
evinced  evidence  of  a  poor  circulatory  condition.  The  most  characteristic  fea- 
ture of  the  disorder  as  observed  in  the  hospital  was  the  coarse  incoordinate 
tremor  of  both  arms,  her  refusal  to  talk  and  her  refusal  to  eat  at  times.  \^''hile 
in  the  hospital,  on  July  25,  she  had  her  first  epileptoid  seizure,  resembling  true 
epilepsy  but  thought  to  be  hysterical.  She  had  several  of  these  attacks  while 
under  observation  but  they  were  finally  thought  not  to  be  especially  character- 
istic. During  her  stay,  from  May  to  October,  her  condition  became  progressively 
worse  with  the  addition  of  emotional  instability  and  aphonia.  Dementia  prsecox, 
hysteria  and  multiple  sclerosis  were  considered.  She  was  discharged  October  14 
to  go  to  the  State  Almshouse. 

Abstract  for  the  State  Aluishouse.'^ — The  patient  was  described  as  being 
excited,  hilarious  and  noisy.  She  made  attempts  to  escape.  She  was  filthy,  spat 
at  people ;  she  was  violent  and  kicked  the  nurses.  She  was  resentful.  Observa- 
tions indicated  that  the  question  of  epilepsy  had  not  been  satisfactorily  settled; 
she  did  not  have  any  seizures  and  with  the  exception  of  fits  of  temper  and  de- 
structiveness  as  well  as  an  uncontrollable  rage,  there  was  nothing  to  suggest 
epilepsy.  Most  of  the  time  she  was  in  a  state  of  great  emotional  and  mental  ex- 
citement with  psychomotor  unrest.  She  was  resistive  at  times  and  again  quiet. 
She  sang,  hummed,  cried  and  swore,  using  much  vulgarity  colored  with  sexual 
thoughts.  Observations  pointed  to  the  fact  that  she  had  had  some  spinal  cord 
disorder  somewhat  similar  to  anterior  poliomyelitis.     She  was  discharged  Feb- 

*We  wish  to  express  our  appreciation  to  Dr.  John  M.  Peters  of  the  Rhode  Island  Hospital  and  to 
Dr.  Henry  A.  Jones  of  the  State  Almshouse  for  their  kindness  in  furnishing-  us  with  abstracts. 
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ruary  5,  1914,  as  a  case  of  hysterical  insanity  and  transferred  to  the  State  Hos- 
pital for  the  Insane. 

At  the  State  Hospital  for  the  Insane  her  physical  condition  was  character- 
ized by  choreiform  movements  of  the  extremities,  unsteadiness  in  gait  and  a 
profuse,  loquacious  stream  of  thought  without  any  defects  in  memory,  disturb- 
ance of  thought  or  appearance  of  trends.  She  was  excited,  talkative,  fearful 
and  destructive.  There  were  no  delusions  nor  hallucinations.  She  was  perfectly 
well  oriented  for  time,  place  and  person.  Consciousness  showed  no  disturbance 
and  there  was  no  evidence  of  mental  confusion.  Her  attention  was  readily 
gained  but  poorly  held  owing  to  her  distractability.  Her  trend  of  thought  was 
spontaneous  and  coherent  with  occasional  periods  of  distractability.  Intellect- 
ually she  appeared  to  be  somewhat  inferior  for  a  girl  of  her  age. 

She  was  placed  in  the  continuous  bath  several  times  during  her  residence 


r"ig.   1. — M.  H.     Seven  weeks   Ijefore  death.     Characteristic  contractures,  hyperextension  of  head,  dropped 

jaw ;   position    indicates   condition   of   spasticity. 

owing  to  her  marked  psychomotor  unrest.  From  April  26,  1914,  to  January  14, 
1915,  the  patient  showed  a  gradual  decline,  physically.  She  ran  a  constant  tem- 
perature of  103  degrees,  cried  a  great  deal,  had  little  to  say  and  at  times  she 
laughed  without  apparent  cause.  By  this  time  there  had  been  distinct  changes- 
in  her  physical  condition.  Her  limbs  had  become  contracted.  A  general  body 
and  limb  tremor  manifested  itself  markedly.  It  was  necessary  to  tube-feed  her 
to  maintain  nourishment.  She  continued  in  this  condition  and  was  seen  by  one 
of  us  (F)  on  February  2,  1915. 

Neurological  Examination  at  that  lime  presented  the  following:  The  pa- 
tient was  very  thin  and  showed  strikingly,  at  first  glance,  a  dropped  jaw  with 
a  masked  expression  of  the  face.  She  was  easily  aroused  to  emotion.  She  did 
not  respond  to  simple  or  complex  commands.  Contractures  and  fixation  of  all 
the  joints,  small  and  large  were  manifest  (see  Fig.  1).  She  was  running  a  con- 
stant temperature  of   103  degrees. 
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Contractures. — Evidently  all  her  joints  were  fixed  and  rigid.  There  was 
some  pain  upon  any  attempt  to  straighten  them  out.  Her  head  and  neck  were 
fixed  and  hyperextended.  Her  jaw  was  dropped  and  she  could  not  hold  it  up, 
she  could  not  show  her  teeth  by  gritting.  The  fingers  were  flexed,  thumbs  turned 
into  the  palms  of  the  hands,  wrists  flexed  and  averted  so  that  the  palms  looked 
outward  (see  Fig.  1).  The  arms  were  abducted,  the  forearms  abducted,  due  to 
flexing  and  fixation  at  the  elbov/.  The  legs  and  thighs  were  flexed  and  fixed. 
The  legs  were  also  drawn  up  on  the  abdomen.  The  feet  were  turned  in  and  a 
dorsal  extension  of  both  toes  was  present.  Her  entire  musculature  was  firm 
and  hypertonic. 

Tremors. — There  was  a  general  body  tremor  involving  also  the  tongue  and 
jaw.  This  tremor  was  increased  by  excitement  and  also  when  she  tried  to  hold 
herself  up  in  the  bed,  under  effort.  It  was  quite  noticeable  when  the  photograph 
was  taken.  It  was  regular  in  constancy,  but  varied  in  tone  according  to  emo- 
tion. When  she  made  an  eft'ort  there  appeared  to  be  a  spasm  of  all  her  flexor 
muscles.  There  were  no  fibrillary  twitchings  and  no  typical  athetoid  or  chorei- 
form movements. 

She  could  not  eat  due  to  the  spasm  of  the  muscles  of  mastication  (dysphagia). 
She  could  not  talk  due  to  spasms  of  the  muscles  of  articulation  (anarthria),  al- 
though at  times  she  could  pour  forth  a  most  profuse  vulgarity  (profanity  can 
hardly  be  called  a  genuine  form  of  speech,  there  is  no  specific  appropriateness; 
they  are  little  more  than  animal  outcries ;  as  such  they  might  survive  the  destruc- 
tion of  that  duty  of  producing  thought  with  selected  words). 

There  were  no  cranial  nerves  involved  as  far  as  cooperation  would  allow. 
The  pupils  were  equal  and  regular  in  outline.  They  reacted  well  to  light  and 
to  distance.  The  muscular  movements  of  the  eyes  showed  no  disorder.  The 
optic  discs  were  negative.  There  was  no  nystagmus  and  no  evidence  of  labyrin- 
thine or  cerebellar  disease. 

She  had  never  vomited  nor  shown  any  evidence  of  heart  involvement  or 
autonomic  nervous  phenomena.  At  no  time  had  there  ever  been  noted  any  evi- 
dence of  liver  disorder  and  physical  examination  showed  no  enlargement  or 
atrophy  by  percussion  and  palpation.  She  was  unable  to  protrude  her  tongue 
which  might  have  been  due  to  spasticity  or  to  paralysis. 

The  superficial  reflexes  of  the  upper  extremities  were  diminished.  The  ab- 
dominal and  epigastric  reflexes  were  absent.  The  knee-jerks  were  diminished 
probably  due  to  the  flexion  and  fixation  of  the  abductor  muscles.  The  right 
great  toe  suggested  dorsal  flexion.  There  was  also  an  atypical  Oppenheim  and 
Gordon  great  toe  response.  The  left  great  toe  presented  a  plantar  flexion.  She 
could  not  walk,  sit  up  or  coordinate  to  any  degree  for  the  tests  for  gait.  Her 
attitude  and  posture  were  quite  characteristic  (see  Fig.  1). 

There  was  no  evidence  of  sensory  disturbances. 

Physical  examination  of  the  viscera  evinced  tuberculous  processes  in  both 
lungs.    No  tubercle  bacilli  found  in  sputum.     The  von  Pirquet  test  was  not  made. 

The  spinal  fluid  analysis  evinced  two  cells  per  cubic  mm.  The  Wassermann 
reaction  on  both  the  blood  and  spinal  fluid  was  negative.  Lange's  colloidal  gold 
reaction  was  negative.  The  globulin  reactions  by  the  technic  of  Nonne,  Noguchi. 
Ross-Jones  and  the  combined  method  gave  negative  findings. 
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At  this  time  the  diagnosis  had  resolved  itself  into  either  juvenile  paralysis 
agitans  or  Wilson's  progressive  lenticular  degeneration.  The  presence  of  pyra- 
midal tract  symptoms  was  rather  in  favor  of  a  central  disorder  with  infringe- 
ment upon  the  internal  capsule  so  that  at  that  time  a  tentative  diagnosis  of  pro- 
gressive lenticular  degeneration  was  made. 

During  the  next  month  she  was  seen  several  times  and  further  observation 
led  us  to  conclude  the  case  to  be  one  of  actual  brain  disease  with  the  lesion  in 
the  region  of  the  lenticular  nucleus.  She  died  March  4,  1915,  and  the  necropsy 
verified  the  diagnosis  by  the  finding  of  a  typical  cirrhotic  liver  and  a  degenerated 
left  lenticular  nucleus. 

To  Recapitulate  the  Clinical  Findings. — A.  young  woman  of  nineteen  years 
whose  physical  development  was  normal  and  whose  mental  development  w.as 
probably  one  of  inferiority  (constitutional  inferiority)  becomes  "nervous"  at 
the  age  of  15  years  and  has  what  is  called  a  "convulsion"  following  which  there 
is  noted  a  tremulousness  of  the  extremities  and  a  later  definite  involvement  of 
the  central  nervous  system  associated  with  changes  in  motion  and  affectivity. 
Dysarthria  and  dysphagia  developed  and  a  spastic  emotional  state  soon  became 
prominent.  Along  with  all  these  phenomena  of  muscular  hypertonicity  there 
was,  from  the  beginning  of  the  disease,  a  coarse  rhythmical  tremor  of  the  en- 
tire body.  The  neurological  examination  did  not  reveal  any  disturbance  of  the 
cranial  nerves,  there  was  no  evidence  of  sensory  disorder  and  with  the  excep- 
tion of  a  dorsal  flexion  of  the  right  great  toe  there  were  no  signs  of  a  disturb- 
ance of  the  pyramidal  tract  system,  yet,  the  masked  expression,  dysarthria,  dys- 
phagia and  increased  motor  tonicity  were  present.  Although,  the  face  was 
spastic  and  the  mouth  wide  open  and  to  all  appearances  in  a  severe  grade  of 
mental  deterioration,  when  attempts  were  made  to  move  her,  she  watched  every 
movement  and  assumed  more  markedly  the  painful  emotional  expressions  as 
described  by  Wilson  and  Mills.  There  was  no  evidence  of  liver  disorder  and 
the  temperature  could  be  accounted  for  by  the  tubercular  processes  in  both  lungs. 

Autopsy  Findixgs. — The  autopsy  was  performed  four  hours  after  death. 
A  general  observation  of  the  body  showed  the  prominence  of  contracturers  of 
the  extremities.  She  was  greatly  emaciated  with  trophic  skin  lesions  and  sec- 
ondary infection. 

Without  going  into  detail  regarding  the  body  viscera*  suffice  it  to  be  stated 
that  areas  of  tul)ercular  lesions,  healed  and  active,  were  found  in  Imtli  kmgs. 
The  heart  was  normal.  The  spleen  showed  passive  congestion  and  enlargement. 
There  was  no  affection,  grossly,  of  tlic  kidneys  or  adrenals  noteworthy.  There 
was  an  infantile  uterus  and  atrophic  ovaries.  The  large  intestines,  especially  the 
descending  colon,  showed  many  confluent  tul)ercular  ulcers,  none  having  per- 
forated, however.  The  thyroid  was  atrophic,  no  preservation  of  the  thymus 
gland.  The  liver  showed  a  tyjiical  nodular  cirrhosis  with  a  glossy  capsule  and 
which,  upon  cut  section,  present  a  multilobular  cirrhosis. 

Histopathologic  AT.  Symptom -Com  plkx. — Liver. — The  appearance  of  the 
liver  was  exceedingly  striking  and  suggested  immediately  T.,aenncc"s  cirrhosis. 
It  was  somewhat  smaller  than  normal,  yet  in  no  way  misshapen  and   weighed 

*We  wish  to  express  our  thanks  to  Dr.  II.  S.  Hcriistfin  for  his  report  upon  the  abclominal  and 
thoracic  viscera. 
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1,030  grams.  Its  consistency  was  firm  and  cut  on  section  with  marked  resist- 
ance. The  external  surface  was  smooth  but  gave  one  the  feeHng  of  shght  ele- 
vations and  shallow  depressions  as  the  fingers  were  passed  over  the  surface. 
Upon  cut  section  there  were  presented  multiple  lobulations,  varying  in  size  from 
that  of  a  pin  head  to  that  of  the  little  finger  nail,  varying  in  shade  of  color  but 
in  no  way  yellowish  to  indicate  jaundice  or  green  to  indicate  extravasation  of 
bile.  These  lobulations  were  somewhat  oval  in  shape  and  were  separated  from 
each  other  by  strands  of  connective  tissue  varjqng  in  amount.  The  gall  bladder 
showed  no  signs  of  disorder  and  there  were  no  stones  in  the  ducts.  (See  Fig.  2.) 
The  sections  for  microscopical  examination  were  stained  with  hematin  and 
eosin  and  toluidin  blue.  The  most  striking  feature  was  the  preservation  of  liver 
cells  in  certain  areas,  with  the  sudden  appearance  of  degenerated  areas,  large  in 
area  compared  to  the  normal  liver  cell  areas,  and  in  which  fatty  degeneration 
was  prominent.     Then,  again,  the  appearance  around  these  areas  of  connective 


Fig-  2. — M.  H.     Cut  section,  showing  tlie  whole  liver  to  he  cirrhosed.     The  cirrhosis  is  multilobular,  without 
being  bile-stained  and  divided  by  connective-tissue  hyperplasia. 

tissue  hyperplasia,  varying  in  breadth  and  degree  of  fibroblastic  activity  with  a 
moderate  infiltration  of  round  cells.  Some  of  the  sections  indicated  by  the 
scarcity  of  round  cells  and  the  relatively  few  elongated  nuclei  of  the  fibroblasts 
undoubtedly  were  older  processes.  In  these  connective  strands  were  occasionally 
seen  groups  of  nuclei,  arranged  in  somewhat  parallel  rows  which  might  indicate 
new  bile  capillaries  or  hypertrophic  bile  ducts.  In  some  places  the  strands  of 
connective  tissue  appeared  to  invade  the  lobule  and  separate  the  liver  cells  into 
columns.  There  appeared  also  in  certain  portions,  to  be  a  connection  between 
these  so-called  new  bile  capillaries  and  a  column  of  liver  cells.  It  has  been  sug- 
gested that  they  might  be  liver  cells  reverting  to  their  primitive  state  rather  than 
new  capillaries.  In  the  more  degenerated  areas  necrosis  to  the  extent  of  fatty 
infiltration  and  degeneration  was  very  prominent  (see  Fig.  3)  and  the  normal 
liver  structure  completely  losing  its   cellular   character.      Throughout   many  of 
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the  sections  liver  cells  in  the  process  of  regeneration  could  be  noted  by  the  changes 
in  the  nuclei,  double  nuclei  and  a  tendency  to  mitotic  formation. 

Examination  of  the  Brain  and  Spinal  Cord. — After  the  removal  of  the 
brain,  a  general  inspection  indicated  that  the  left  hemisphere  was  somewhat 
smaller  than  the  right  especially  in  the  frontal  region.  There  was  no  disturb- 
ance in  the  patterning  of  the  cerebral  convolutions.  There  were  no  palpable 
areas  of  softening  or  hardening  indicating  neoplastic  growths.  The  brain  was 
placed  in  hardening  fluid  (formalin)  and  cut  when  hardened. 

Cutting  each  hemisphere  as  near  as  possible  through  the  area  suggested  by 
Marie  resulted  in  the  following  observations  (see  Fig.  4)  : 
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Fig.   3. — Ivow  power  of  section  of  liver  showing  degenerated  areas,   connective-tissue  hyperplasia,   preserva- 
tion   of    normal    liver    cells,    and    capillary    formation. 

It  was  first  noticed  that  the  markings  characteristic  of  the  corpus  striatum 
were  lacking  on  the  left  side  and  somewhat  less  marked  on  the  right  side.  The 
left  caudate  nucleus  appeared  to  be  .somewhat  more  shrunken  than  the  right 
and  there  was  a  decided  dilatation  of  the  anterior  horn  of  the  left  ventricle.  The 
optic  thalami  showed  no  abnormality.  The  internal  capsule  on  the  left  side  ap- 
peared to  be  confluent  with  the  tissue  that  evidently  made  u])  the  area  where 
the  lenticular  nucleus  was  primarily  situated.  There  was  no  putamcn  or  globus 
pallidus  on  the  left  side,  as  such  and  yet  there  were  .several  small  areas  which 
suggested  areas  of  necrosis.  On  the  left  side  by  palpation  one  noted  that  there 
was  less  resistance  than  on  the  right  side  and  that  to  the  finger  touch  it  was 
soft,  as  if  degenerated.  There  were  no  decided  cavity  formations.  The  only 
indication  of  an  outer  margin  of  the  original  lenticular  nucleus  was  a  small 
uneven  broken  strip  less  than  a  millimeter  in  width,  separating  the  external 
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capsule  from  the  degenerated  lenticular  nucleus.  This  small  broken  strip 
was  very  small  in  thickness  as  well  as  in  breadth  and  about  1  cm.  in  length. 
The  caudate  nucleus  was  very  much  shrunken  but  still  compared  with  the 
region  of  the  lenticular  nucleus  it  was  well  preserved  and  its  fibres  could  be 
easily  distinguished.  A  transverse  section  in  the  region  of  the  corpus  striatum 
of  both  hemispheres  of  that  part  of  the  brain  removed  in  the  initial  cutting 
along  the  Marie  line  of  selection,  showed  very  plainly  the  shrunken  caudate 
nucleus  and  the  dilatation  of  the  anterior  horn  of  the  left  ventricle. 

On  the  right  side  the  markings  were  still  somewhat  distinct  and  the 
lenticular  nucleus  showed  a  preservation  of  both  the  putamen  and  the  globus 
pallidus.  The  external  capsule  was  present  without  disintegration  and  in  the 
internal  capsule,  both  in  its  anterior  and  posterior  limbs,  appeared  to  be  normal. 

The  cortex  and  white  matter  of  the  brain  in  general  showed  no  abnor- 
mality.    The  convolutions   in  the   region  of  the   Island  of  Reil   showed   no 


Fig-  4. — M.  H.  Brain.  Horizontal  section  showing  almost  complete  destruction  of  the  left  lenticular 
nucleus  and  a  partial  destruction  of  the  right  lenticular  nucleus  ;  the  caudate  nucleus  being  much  smaller 
on  the  left  side  with  a  dilatation  of  left  ventricle. 

obvious  change  or  disorder.  There  was  no  evidence  of  internal  hydroceph- 
alus, no  inflammation  of  the  ependyma  and  there  were  no  granulations  in  the 
fourth  ventricle. 

The  spinal  cord  showed  no  abnormality  in  its  macroscopical  appear- 
ance. Sections  of  the  cord  from  the  cervical,  dorsal  and  lumbar  regions  showed 
no  disturbance  in  the  markings  as  far  as  could  be  observed.  No  disturbance 
was  noted  in  the  meninges. 

Microscopical,  Examination.— 5/'/wa/  Cord. — Histopathologically  an  ex- 
amination of  the  various  regions  of  the  spinal  cord  showed  no  disorder 
in  sections  stained  with  hematoxylin  and  eosin  and  toluidin  blue.  It  is  un- 
fortunate that  in  the  primary  fixing  sections  were  not  taken  to  examine  by 
the  Weigart  and  Marchi  methods.     With  toluidin  blue  the  sections  showed 
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a  fairly  large  number  of  cells  and  they  seemed  to  have  preserved  their  nor- 
mal outline  and  appearance.  The  grouping  appeared  to  be  also  normal.  In 
the  cervical  region  they  stained  in  normal  shape  and  yet  a  few  were  seen 
to  be  stained  much  more  deeply  but  without  any  marked  disturbance  in  the 
nuclei.      Occasionally   one   would   come   across   a   cell   which   suggested   the 


'■*    ' ''  ■  •     ■■    . 

1  »      -       *  '   ■    - 

•■          '     '     ' 

'.J 

,•:<.-     -s-'     -.^.y.;        -ti-.-i,            ^^          .•''■ 

■    ^-'\  "    ^'<'\''\  ■■■'■■.    ^.<';'.        ■^.'    r  ;!■: 

*  ,     *  '^ 

•      . 

•         ^     r             *                *        . 

'      /'• 

*.•  / 


.    .       J% 

f   .  .  ■'    -•  .  V  „         .        /  > 


..'■  «   < 


J 


<, 


f  * 


.< 


»: ' .. 


I 


f    •        -*  .V  ...  ■  ' 


t      ■; , 


.  .    '      >'     v^    -''.'J'.-' .-'^  ••  •.-  .   ■.  •  •      •. .  •./■  •    ■  •  '■.'' 

«..       ,     '     :■     .     -i'. -.;'•'     ■■■•;,..•■..       :-    y  .-''i-'.  ■•  ';^::''     ^     :     .  .  '   .'      > 

l"ig.   5. — L,ow  power  of  left  lenticular  nucleus,   showing  neuroglial  increase,   scarcity  of  nerve  cells,   no 
sclerosis  of  vessels  but  an  enlargement  or  dilatation  of  Virchow-Robin  space. 

pyramidal  cell  in  outline  and  yet  was  not  unlike  the  pyramidal  cells  seen  in 
terminal  exhaustive  infections. 

Meninges. — Examination  of  the  coverings  of  the  brain  and  cord  showed 
in  no  way  abnormality.  There  was  no  thickening,  no  injection  of  the  ves- 
sels, no  lymphocytic  or  plasma  cell  infiltration. 

Motor  Cortex. — A  serial  section  taken  from  the  right  motor  cortex  showed 
no  abnormality  in  the  arrangement  of  the  cells  in  their  various  layers.  There 
was  no  perivascular  lymphocytic  infiltration  ;  there  was  no  invasion  of  the  cor- 
tex by  plasma  or  round  cells  and  there  did  not  appear  to  be  any  inflammatory 
reaction  as  indicated  by  the  increase  in  vascularity,  new  blood  vessel  formation 
or  new  lymphatic  channels. 

Sections  taken  from  both  the  right  and  loft  lenticular  nucleus  evinced 
the  following :     Left. — The  tissue  seemed  to  be  composed  of  a  comparatively 
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thick  network  neuroglial  increase.  In  various  fields  it  was  noted  that  there 
were  probablv  reactions  such  as  is  seen  in  satellitosis.  The  nerve  fibers  were 
few  with  oniy  an  occasional  ner^-e  cell,  which  cell  was  usually  misshapen 
and  the  nucleus  eccentrically  situated,  the  cytoplasm  deeply  stained  but  not 
showing  to  any  marked  degree  the  granulation.     The  vessels  were  not  scler- 
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Fig.   6.-Section   from  left  lenticular   nucleus  showmg   -%^kedneurogHal.ncrease     degenerated   nerve   cells 
in  several  stages,  tendency  towards  the  formation  ot  satellitosis. 

osed  or  occluded.  It  was  not  an  uncommon  observation  to  see  a  blood  ves- 
sel with  its  thin  coats  lying  in  an  open  space,  evidently  an  enlargement  or  dilata- 
tion of  the  Virchow-Robin  space. 

The  most  marked  feature  about  the  section  from  the  left  lenticular 
region  was  the  few  nerve  cells  not  in  the  putamen  and  the  globus  pallidus^ 
The  caudate  nucleus  also  showed  some  changes  as  the  glial  reaction  found 
in  the  putamen.     The  internal  capsule  stained  normally  but  did  appear  to 
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have  a  connective  tissue  reaction   in   the  shape   of  an   infiltration   of   round 
cells. 

Right. — On  the  right  side  the  reaction  did  not  appear  to  have  reached  the 
stage  as  seen  on  the  left.  Still,  there  was  a  decided  evidence  of  sclerotic 
changes  as  indicated  by  the  neuroglial  increase  and  the  tendency  to  satellitosis. 
Under  the  high  power  the  area  seemed  to  be  a  mass  of  neuroglial  overgrowth 
with  new  vessels  and  a  scarcity  of  nerve  cells,  although  more  were  found  on 
this  side  than  upon  the  left.     The  neuroglial  tissue  about  the  cells  appeared 
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l'"ig.   7. — Sclerotic  changes   in  the  luiuoglia  are  evident   and   in    the   tipper   left-hand  corner   is   an   indication 

of  new  vessel  forination. 

to  be  an  active  growth.  The  nerve  cells  in  the  region  of  the  globus  pallidus 
were  shrunken  or  swollen  and  stained  very  deeply.  In  some  fields  the  large 
pyramidal  cells  appeared  to  have  taken  on  a  coarsely  granular  appearance  in 
their  cytoplasm  and  had  a  deeply  stained  nucleus.  About  these  cells  there 
were  frequently  seen  small  elongated  cells,  probably  the  inflammatory  neu- 
roglial reaction.     (Figs.  5,  6  and  7.) 

To  Recapitulate   the   Pathological  Findings. — It   is   evident   that   the  upper 
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motor  neuron  is  in  its  entirety  in  no  way  involved  in  this  disease  except  sec- 
ondarily due  to  the  infringement  of  the  neoroglial  overgrowth  upon  the  in- 
ternal capsule  on  the  left  side.  There  is  no  disturbance  in  the  motor  cortex 
and  no  disturbance  in  the  cells  of  the  anterior  horns.  The  microscopical 
changes  in  the  lenticular  region  appear  to  consist  in  a  glial  overgrowth  which 
in  some  places  has  disintegration,  in  some  places  in  the  dense  glial  overgrowth 
an  occasional  pyramidal  cell  will  make  its  appearance.  There  is  occasionally 
seen  a  cellular  infiltration  suggesting  a  satellitosis.  The  vessels  are  not 
sclerosed  or  occluded  but  it  is  frequently  noted  that  the  V'irchow-Robin 
space  between  the  vessel  and  the  surrounding  tissue  is  dilated  to  a  consider- 
able degree.  The  pyramidal  cells  are  scarce  in  number  on  both  sides,  more 
marked  loss  on  the  left  side  and  those  wdiich  are  present  show  either  a  par- 
tial or  complete  cellular  disintegrated  as  indicated  by  the  cytoplasm  and  the 
nucleus.  The  entire  reaction  appears  to  be  that  of  a  replacement  gliosis  that 
has  not  gone  on  to  complete  disintegration  with  the  formation  of  cavities  al- 
though there  are  sections  which  indicate  an  advanced  stage  of  necrosis. 

Diagnosis. — Hughlings  Jackson  once  said  "positive  signs  could  not  be 
caused  by  negative  lesions."  The  clinical  symptoms,  tremor,  spasticity 
and  emotional  instability  are  essentially  positive  symptoms  and  one  must 
therefore  conclude  that  they  are  caused  by  a  destructive  lesion.  In  this 
case  the  destructive  lesion  appears  to  confine  itself  entirely  to  the  lenticular 
nucleus  and  the  caudate  nucleus  upon  the  left  side,  as  far  as  the  pathologi- 
cal examination  has  been  able  to  point  out.  It  is  Wilson's  view  "that  de- 
structive lesions  of  the  lenticulo-rubrospinal  tract  remove  the  normal  inhibi- 
tion or  steadying  influence  which  the  corpus  striatum  is  supposed  to  exer- 
cise upon  the  anterior  horn  cells."  As  a  result  of  this  removal  the  steady  in- 
nervation of  the  anterior  horn  cells  is  impaired  and  the  more  the  pyramidal 
tract  is  innervated  the  more  obvious  does  the  tremor  become.  This  same 
explanation  may  be  applied  to  the  influence  exerted  by  the  cortical  cells  upon 
the  pyramidal  tract  system  and  cause  the  development  of  the  spasticity  and 
hypertonicity. 

The  lenticular  syndrome  as  described  by  \Vilson  is  similar  in  many  re- 
spects to  that  described  in  this  case,  yet,  there  is  in  addition  an  involve- 
ment of  the  right  pyramidal  tract  system  which  might  be  interpreted  as  an 
extension  of  the  gliotic  process.  However,  it  seems  best  to  present  the  case 
clinically  and  pathologically,  as  one  of  progressive  lenticular  degeneration 
of  Wilson's  type. 

We  wish  to  express  our  indebtedness  to  Mr.  W^illiam  S.  Dunn,  of  Loomis 
Laboratory,  Cornell  Medical  University,  for  his  work  upon  the  photomicro- 
graphs, 
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SPECIFIC  PARENTERAL  DIGESTION  AND  ITS  RELATION  TO  THE 
PHENOMENA  OF  IMMUNITY  AND  ANAPHYLAXIS* 


By  J.  Broxfexbrenner.  Ph.D.,  Pittsburgh,  Pa. 


WHILE  it  is  generally  observed  that  repeated  injections  of  toxins  or  toxic 
bacterial  proteins  render  the  organism  resistant  against  even  a  multiple 
lethal  dose  of  those  toxic  substances,  experiments  have  shown  that  under  cer- 
tain conditions  the  reinjection  of  even  absolutely  inoffensive  substances  may 
produce  very  severe  phenomena  of  intoxication  and  even  death  of  experimental 
animals. 

It  is  this  exaggeration  of  toxicity  which  is  the  most  striking  phenomenon 
in  anaphylaxis. 

"Anaphylaxis  is  a  reverse  of  vaccination ;  anaphylactic  animals  react  to 
the  second  injection  much  more  strongly  than  to  the  first,  which  is  the  more 
surprising  because,  in  the  majority  of  cases,  the  substances  used  are  not  toxic 
even  in  very  large  doses,"  wrote  Besredka  in  1908. 

Where  does  this  increased  toxicity  come  from? 

Since  the  substances  injected  may  by  themselves  be  inoffensive  to  normal 
animals,  even  in  very  large  doses,  it  is  evident  that  conditions  in  the  body  of 
anaphylactic  animals  must  be  responsible  for  the  change  in  tolerance  to  pro- 
tein. 

Why  is  it  then,  that  in  the  one  case,  the  preliminary  injection  of  protein 
raises  the  resistance  of  the  animal  to  the  subsequent  introduction  of  the  same 
protein,  whereas  in  the  other  case  it  destroys  even  the  natural  tolerance  of  the 
animal,  making  it  incomparably  more  vulnerable  than  before? 

It  is  this  loss  by  the  animal  of  its  normal  degree  of  immutiity,  or  resis't- 
ance  to  the  parenteral  introduction  of  foreign  proteins,  which  suggested  to 
Richet  the  name  of  "Anaphylactic"  for  this  state  of  hypersensitiveness  of  the 
experimental  animal,  following  a  preliminary  inoculation  with  the  foreign  sub- 
stance. The  very  name  given  to  this  phenomenon  by  Richet,  who  was  one 
of  the  first  investigators  in  this  field,  shows  that  the  nature  of  the  anaphylactic 
state  was  assumed  to  be  quite  the  opposite  of  that  of  immunity,  or  heightened 
resistance,  in  spite  of  the  fact  that  both  conditions  seem  to  be  brought  about  in 
the  experimental  animal  by  a  very  similar  procedure. 

It  is  because  the  parenteral  introductidn  of  foreign  protein  may  lead  in 
one  case  to  immunity,  and  in  the  other  to  hypersensitiveness,  that  some  authors 
suggested  as  a  working  hypothesis,  that  tlu-  introduction  of  foreign  protein 
(antigen)  may  lead  to  the  formation  of  two  independent  sets  of  antibodies,  one 
responsible  for  tlic  beightened  resistance,  and  the  other  for  the  heightened  vul- 
nerability. 

These  earlier  theories,  hc^wever.  did  nut  find  confirmation  in  subsequent 
investigations. 

*From  Tlie  Resoaicli   Laboratories  of  tile  Western  Pennsylvania   Hospital,   Pitfslnirjrli,   Pa. 
Presented  as  a  part  of  symposium  on  Anaphylaxis  at  tlic  Second   Pan-American   Scientific  Congress, 
Washington,  D.   C.  .Ian.   5,   1916. 
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At  present  the  consensus  of  opinion  among  workers  in  this  field  of  scientific  | 
endeavor,  seems  to  point  to  the  assumption  that,  in  tlie  measure  in  which  the 
development  of  new  properties  in  the  blood  of  experimental  animals  is  re- 
sponsible for  the  establishment  of  cither  heightened  or  diminished  specific  re- 
sistance, the  same  set  of  substances  is  supposed  to  confer  these  outwardly  con- 
tradictory changes  in  tolerance  of  animals    to  reinjection  of  foreign  proteins.* 

There  remains,  however,  an  open  question  as  to  the  nature  of  these  new 
properties  of  the  blood  serum,  as  well  as  to  the  mode  of  their  action.  Still  less 
definite  is  the  information  as  to  the  reason  why  these  changes,  brought  about 
in  experimental  animals  by  the  parenteral  introduction  of  foreign  protein,  should 
produce  a  seemingly  opposite  effect  on  the  natural  tolerance  of  animals  to  these 
substances. 

The  changes  in  tolerance  to  a  given  protein,  following  a  single  or  a  mul- 
tiple systematic  introduction  of  the  same  protein  into  experimental  animals, 
have  been  studied  and  variously  interpreted  by  different  investigators. 

But  for  very  slight  minor  diiferences,  all  the  theories  suggested  can  be 
brought  back  to  two  fundamental  theoretical  conceptions. 

One,  assuming  after  Ehrlich,  that  the  foreign  protein,  introduced  parenter- 
ally  into  the  experimental  animal,  is  anchored  by  such  cells  of  the  body,  as 
happen  to  possess  chemically  active  radicals  (receptors),  wdth  specific  chemical 
affinity  for  corresponding  chemically  active  radicals  of  the  protein  introduced 
(antigen).  The  union  of  the  respective  radicals  in  virtue  of  their  specific  chem- 
ical affinity,  is  followed  by  the  neutralization  of  the  chemical  avidity  of  the  cell 
concerned,  and  by  the  subsecjuent  restoration  and  overproduction  by  the  cell,  of 
the  radicals  thus  saturated  by  antigen.  This  phenomenon  (studied  and  described 
by  Weigert),  leads  finally  to  the  condition  in  which  the  cell  finds  itself  over- 
burdened with  the  radicals  in  question  and  at  a  certain  time  during  the  process, 
such  a  cell  casts  ofif  into  the  circulation  the  excess  of  these  chemically  active 
radicals.  Such  substances,  appearing  in  the  circulation  as  a  response  of  the 
cells  to  the  introduction  of  a  foreign  body,  are  known  under  the  name  of  anti- 
body. The  antibodies,  according  to  this  view  retain,  while  free  in  the  circula- 
tion, their  power  to  combine  with,  and  anchor  the  homologous  protein,  when 
such  is  reintroduced  later. 

Whereas  the  anchoring  of  antigen  by  the  specific  receptors  of  the  cell  is 
followed  by  incorporation  of  such  antigen  into  the  body  of  the  cell,  by  virtue 
of  the  general  digestive  mechanisms  of  the  cell,  the  detached  receptors,  circulat- 
ing in  the  blood  stream,  combine  with  such  specific  antigen  without  digesting 
it,  but  merely  changing  such  antigen  in  a  manner  in  which  it  becomes  more 
easily  attackable  by  leucocytes,  as  well  as  by  the  complement,  which  is  sup- 
posed to  be  the  active  principle  directly  responsible  for  "cytolytic"  as  well  as 
"albuminolytic"  properties  of  the  blood  serum. 

According  to  the  other  fundamental  theory,  represented  best  by  the  work 
of  Vaughan  and  his  collaborators,  the  parenteral  introduction  of  foreign  pro- 
tein stimulates  the  production  of  specific  ferments  within  the  body  of  experi- 

*These  views  of  course  do  not  exclude  the  role  bodj-  cells  may  have  in  the  mechanism  of  specific 
protection. 
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mental  animals.  Such  ferments,  circulating  in  the  blood  stream,  attack  and 
digest  directly  the  homologous  protein    when  it  is  reintroduced  later. 

Although  the  above  conceptions  differ  very  substantially  from  each  other 
on  the  question  of  the  intimate  nature  of  mechanisms  governing  the  physiologi- 
cal processes,  following  the  introduction  of  foreign  protein  into  the  animal  body, 
both  theories,  in  fact,  indicate  that  such  foreign  protein  undergoes  parenteral 
assimilation,  or  digestion  in  the  broader  sense  of  the  term,  and  thus  eventually 
is  eliminated  from  the  circulation. 

It  is  this  element  of  ridding  the  body  of  the  foreign  material  which  is  re- 
sponsible for  the  view  of  the  whole  process  as  a  protective  mechanism,  espe- 
cially, because  practically  all  the  protein  substances,  when  introduced  parenter- 
ally,  are  apt  to  exhibit  different  degrees  of  toxicity,  if  the  amount  injected  is 
sufficiently  great. 

Whichever  of  the  two  views  upon  the  mechanisms  of  parenteral  digestion 
is  correct,  the  careful  observers  beginning  with  Jenner  in  1798  and  Magendi  in 
1839,  have  noticed  repeatedly,  that  parallel  with  the  apparent  development  of 
specific  protective  mechanisms,  the  parenteral  introduction  of  protein  foreign 
to  the  body,  may  give  rise  also  to  other  mechanisms,  detrimental  to  the  well- 
being  of  the  animal. 

According  to  the  views  of  the  school  following  in  the  footsteps  of  Ehrlich. 
the  reason  for  such  paradoxic  action  of  parenteral  introduction  of  protein,  is 
the  fact  that,  during  the  extracellular  specific  lysis  of  formed,  as  well  as  un- 
formed protein  antigen  in  reinjected  animals,  this  antigen  is  broken  down,  through 
the  action  of  complement,  and  the  poisons  preexisting  in  the  unaltered  antigen 
are  thus  liberated. 

Such  a  view  has  been  especially  plausible  since  Vaughan  has  shown  that 
any  protein  can  be  broken  up  by  chemical  means,  so  as  to  yield  a  very  powerful 
poison. 

Friedberger,  who  deserves  especial  credit  for  most  of  the  work  in  this 
direction,  has  shown  that  such  poisons  could  be  produced  in  the  test  tube  by 
imitating  the  specific  lysis,  supposedly  taking  place  in  the  body.  In  his  earlier 
experiments  Friedberger  obtained  from  normal  guinea-pig  serum,  which  had 
been  allowed  to  stand  for  some  time  with  the  washed  specific  precipitate  (formed 
by  rabbit  serum  immunized  against  sheep  serum  with  the  serum  of  the  latter), 
very  strong  poisons  which  killed  the  guinea-pigs  instantly  with  symptoms  of 
acute  shock.  He  named  the  poisonous  substance  anaphylatoxin,  and  assumed 
that  it  arose  from  the  digestion  of  the  specific  precipitate,  by  the  ferments  of 
normal  guinea-pig  serum    (comi)lcment). 

According  to  the  views  of  Vaughan  and  his  followers,  toxic  phenomena  in 
anaphylaxis  are  due  to  the  split  products  of  direct  digestion  of  antigen,  bv  the 
specific   ferments  ])resent  in  the   blood   and   tissues  of   sensitized   animals. 

More  recently  there  has  ap'peared  a  great  number  of  publications  con- 
cerning the  question  of  the  mechanism  of  the  specific  parenteral  digestion.  Ab- 
dcrhalden  and  his  collaborators  who  are  primarily  responsible  for  this  work, 
have  taken  up  llie  theory  of  specific  ferments  and.  by  using  specially  devised 
methods,  have  seemingly  demonstrated  in  rilrc  Uu  presence  of  such  ferments 
in  llie  blood  of  prepared  animals. 
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These  findings,  if  correct,  seem  to  offer  a  valuable  link  in  the  chain  of 
reasoning  of  the  earher  supporters  of  the  theory  of  specific  ferments. 

Approaching  the  question  of  the  mechanism  of  anaphylaxis  at  this  stage 
of  its  development,  the  investigator  is  confronted  with  a  fundamental  question: 
Assuming  that  the  anaphylactic  shock  is  due  to  the  liberation  of  poison  in  the 
body  of  sensitized  animals,  through  the  specific  cleavage  following  the  rein- 
jection  of  antigen,  what  is  the  mechanism  of  this  cleavage? 

In  order  to  answer  this  question,  one  must  first  determine  the  nature  of 
changes  taking  place  in  the  normal  physiological  processes  of  the  animal,  fol- 
lowing the  first  experimental  parenteral  introduction  of  the   foreign  protein. 

On  the  one  hand,  the  hypothesis  of  Ehrlich  suggests  that  such  parenteral 
introduction  of  foreign  protein  is  followed  by  the  production  of  specific  anti- 
bodies. On  the  other  hand,  Vaughan  and  his  followers,  without  definitely  deny- 
ing the  production  of  antibodies,  assume  that  parenteral  assimilation  of  for- 
eign protein  is  followed  by  the  output  of  specific  ferments.  In  fact  Abder- 
halden  states  definitely,  that  the  parenteral  introduction  of  foreign  protein  is 
followed  by  the  production  of  specific  ferments  parallel  with  the  production  of 
specific  antibodies,  but  independent  of  the  latter. 

If  the  interpretation  of  the  phenomena  observed  by  Abderhalden  is  cor- 
rect, the  production  of  specific  ferments  seems  to  be  an  even  more  general 
mechanism  than  that  of  production  of  antibodies.  For  antibodies  have  been 
thus  far  demonstrated  only  in  cases  of  parenteral  introduction  of  substances 
of  animal  or  plant  protein  origin,  provided  that  this  protein  is  foreign  to  the 
species.  Specific  ferments,  however,  are  claimed  to  have  been  demonstrated 
not  only  upon  the  parenteral  introduction  of  such  substances,  but  also  upon  that 
of  proteins  of  homologous,  and  even  autogenous  nature,  provided  these  sub- 
stances are  foreign  to  the  blood  ("blutfremd").  Moreover,  the  parenteral  in- 
troduction of  substances  like  gelatin,  pepton,  cane  sugar,  or  casein,  is  claimed 
by  the  Abderhalden  school  to  produce  specific  ferments,  capable  of  attacking 
said  substances,  both  in  vitro  and  in  vivo.  Thus  the  group  of  substances  which 
can  play  the  part  of  antigen  in  the  production  of  antibody,  is  included  in  that 
of  the  substances  capable  of  causing  the  production  of  specific  ferments,  but 
is  only  part  of  it. 

Such  a  conception  of  parenteral  digestion,  on  first  examination,  seems  very 
useful  as  a  working  hypothesis,  for,  if  it  is  possible  to  prove  the  presence  of 
such  specific  ferments,  all  findings  from  the  realm  of  immunity  can  be  brought 
into  the  sphere  of  biochemistry.  The  just  criticism  which  the  chemists  had  for 
a  long  time  against  the  conception  of  immunologists,  who  dealt  wdth  "anti- 
bodies" and  "alexins" — terms  which  seem  to  name,  but  not  define,  the  still  un- 
known substances, — would  be  immediately  answered. 

It  is  thus,  that  a  number  of  men,  familiar  with  phenomena  of  immunity, 
and  anxious  to  find  the  general  physiological  principles  underlying  this  very 
important  mechanism,  have  turned  their  attention  to  the  possibilities  offered 
by  the  methods   of  investigation   enunciated   by  Abderhalden. 

In  repeating  the  work  of  Abderhalden  and  his  collaborators  in  this  labora- 
tory, however,  we  came  to  doubt  their  conclusions.  Our  experiments  have 
shown  that,  although  under  certain  conditions  of  experiment,  the  antigen  may 
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be  actually  digested  by  the  ferments  of  the  blood  of  prepared  animals,  the  fer- 
ments responsible  for  such  digestion  are  not  specific.  In  fact,  as  others  have 
shown  before  us,  the  digestive  ferments  are  present  in  ever}'  fresh  serum,  and 
if  set  free,  can  digest  any  suitably  prepared  substratum  iti  vitro,  without  any 
specific  predilection. 

According  to  the  findings  of  a  number  of  investigators,  the  ferments  nor- 
mally present  in  the  serum  are  usually  inhibited  by  a  simultaneous  presence  in 
the  serum  of  antiferments.  The  removal  of  the  latter  liberates  the  active  fer- 
ments and  allows  digestion  to  take  place.  Indeed  Bordet,  Nathan,  Plant,  Flatow 
and  others  have  demonstrated  quite  definitely,  that  mere  mechanical  adsorp- 
tion by  any  of  the  substances  like  agar,  kaolin,  starch,  and  the  like,  may  free 
serum  of  its  antiferments  and  thus  liberate  the  normal  ferments. 

On  the  other  hand,  as  Schwartz,  and  more  recently,  Jobling  and  Peterson 
have  shown,  serum  lipins  may  also  inhibit  the  activity  of  normal  ferments  of 
the  serum  and  their  removal  or  (as  we  found  it)  even  change  in  their  solubil- 
ity, may  thus  result  in  activation  of  the  normal  nonspecific  ferments  of  the  serum. 

It  is  thus  that  a  number  of  authors  tried  to  explain  the  digestion,  accredited 
by  Abderhalden  to  the  activity  of  newly  produced  specific  ferments,  by  assum- 
ing that  it  was  due  to  the  mechanical  adsorption  of  antiferments  by  the  sub- 
.stratum   and   subsequent  liberation  of  normal,  nonspecific   ferments. 

Our  own  experiments,  however,  convinced  us  that  such  is  not  the  case. 
We  found  that  although  the  ferments  concerned  in  the  digestion  are  not  specific 
(inasmuch  as  they  can  be  made  to  digest  any  substratum),  the  phenomenon,  as 
a  whole,  is  not  devoid  of  a  certain  degree  of  specificity  and  therefore  could  not 
be  reduced  to  mechanical  adsorption  of  antiferments. 

Our  systematic  study  of  this  question  brought  us  to  the  conclusion  that 
the  element  of  specificity  lies,  not  in  the  ferment  itself,  but  in  the  mechanism  of 
its  activation.  Namely,  we  found  that  the  apparent  specificity  of  ferment  ac- 
tion in  vivo  assumed  by  Vaughan,  and  demonstrated  in  vitro  by  the  methods 
of  Abderhalden,  is  due  to  the  fact  that  the  combination  of  specific  serum  with 
its  corresponding  antigen,  in  vivo  as  well  as  in  vitro,  is  followed  by  a  radical 
change  in  the  degree  of  dispersion  of  serum  colloids.  This  physico-chemical 
change  in  turn  is  followed  by  the  activation  of  a  normal,  nonspecific  ferment 
of  the  serum. 

If  such  a  conception  is  correct,  then  the  phenomenon  of  specific  parenteral 
digestion  may  be  explained  on  a  basis  very  similar  to  that  offered  by  the  chem- 
ical theory  of  Vaughan.  l)ut  in^-tead  of  specific  ferments,  the  digestion  will  be 
ascribed  to  normal  nonspecific  ferments,  present  in  any  fresh  serum  (comple- 
ment?) and  set  free  by  a  specific  mechanism  of  combination  between  the  anti- 
gen and  antil)ody,  verv  similar  to  tliat  recorded  by  the  mciostagmin  reaction  of 
Ascoli. 

As  was  mentioned  above,  tlio  toxic  ]")hcnomcna  in  anaphylaxis  are  ascribed 
by  the  chemical  theory  to  the  action  of  the  split  products  of  antigen,  attacked  by 
the  active  principle  of  the  serum  of  the  sensitized  animal. 

This  hypothesis  is  based  on  observations,  that  cleavage  of  the  antigen  /;; 
vitro  by  chemical  means  yields  poisonous  split  products;  that  combination  of 
specific  serum  with   its  corresponding  antigen  yields  toxic  substances,  identical 
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in  their  physiological  action  witli  those  produced  I'nim  tlic  antigen  chemically; 
and  lastly  the  actual  cleavage  of  antigen  by  the  ferments  of  specific  serum,  can 
be  demonstrated  in  litro. 

There  exists,  however,  another  view  of  the  origin  of  so-called  anaphyla- 
toxin.  This  view  represented  by  the  work  of  Sachs,  Nolf.  Doerr,  Kitz,  Bor- 
det,  and  others  is  known  as  "physical  theory."  In  the  main  this  theory  suggests 
that  the  source  of  anaphylatoxin  is  not  the  antigen,  but  the  protein  of  the 
serum  itself. 

As  mentioned  above,  in  his  original  experiment,  Friedberger  has  succeeded 
in  producing  the  toxic  substances  in  vitro  by  a  jjrocess  similar  to  that  which 
was  supposed  to  be  responsible  for  the  anaphylactic  shock  in  vivo.  Namely, 
he  allowed  antigen  to  combine  with  its  specific  antibody  and  added  the  comple- 
ment to  this  mixture.  The  poisons  obtained  in  this  manner  in  vitro,  when  in- 
jected into  normal  animals,  were  able  to  produce  typical  anaphylactic  symp- 
toms. 

In  his  later  experiments,  however,  Friedberger  succeeded  in  obtaining  sim- 
ilar poisons  from  bacteria  and  other  proteins  by  their  incubation  with  norma! 
guinea-pig  complement  without  the  conciuTence  of  specific  antibody.  He  still 
believed,  however,  that  in  these  experiments  also  the  poison  was  derived  from 
the  protein  of  the  substratum.  Even  when  Bordet,  Nathan,  Mutermilch  and 
others  have  been  able  to  obtain  similar  poisons  by  the  incubation  of  normal 
guinea-pig  serum  with  agar,  starch,  or  kaolin,  and  have  decided  therefore,  that 
the  poison  must  originate  from  the  serum,  Friedberger  still  objected  to  these 
conclusions  on  the  basis  that  these  substances  may  contain  a  small  amount  of 
protein  impurities,  which  really  furnish  the  substratum  for  the  formation  of 
anaphylatoxin. 

In  studying  this  controversy  one  finds  two  really  independent  questions  in- 
volved in  it.  The  first  question  seems  to  be :  "\Miat  are  we  to  take  to  be 
the  anaphylatoxin?"  It  is  only  after  agreeing  as  to  the  exact  meaning  of  this 
term,  that  one  can  attack  the  main  question :  "Which  is  the  source  of  poisonous 
substances  in  the  anaphylatoxin  formation — is  it  antigen  or  the  serum?" 

Originally,  the  term  "Anaphylatoxin"  was  applied  by  Friedberger  to  des- 
ignate the  poison  which  was  supposed  to  be  identical  with  the  one  produced 
in  vivo  during  the  anaphylactic  shock.  This  poison  had  two  essential  char- 
acteristics, making  it  possible  to  assume  its  identity  with  the  substance  causing 
anaphylaxis.  First,  the  method  of  its  production  from  combination  of  antigen 
with  antibody  and  complement,  and  second,  its  physiological  action  upon  normal 
animals,  which  is  identical  with  anaphylactic   shock. 

In  discussing  the  question  of  the  origin  of  anaphylatoxin,  different  authors 
apparently  used  as  criterion  in  their  terminology  only  the  second  characteristic 
of  the  original  anaphylatoxin — namely,  its  physiological  effect  upon  normal  ani- 
mals. Thus,  many  authors  have  called  anaphylatoxin  the  chemical  poisons  ob- 
tained by  Vaughan  from  bacteria ;  Nathan,  Bordet  and  Mutermilch  called  ana- 
phylatoxins  substances  obtained  by  them  from  the  serum  by  adsorption  with 
inert  substances,  etc.  Attempts  of  these  authors  to  explain  the  nature  of  ana- 
phylatoxin seem  to  be  generally  inadequate,  because,  even  though,  as  my  ex- 
periments have  also  confirmed,  by  digestion  of  serum  with  kaolin,  for  instance. 
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one  can  produce  from  serum  a  substance  which  is  similar  in  its  physiological 
action,  on  the  one  hand,  to  the  original  anaphylatoxin  of  Friedberger,  and. 
on  the  other  hand,  to  the  chemical  poison  of  Vaughan,  its  identity  with  one  or 
the  other  is  not  proved  by  this  similarity  alone.  The  identity  between  all  these 
substances  has  to  be  proven  before  the  experiments  above  could  be  taken  into 
consideration    in  discussing  the  probable  nature  of  anaphylatoxin. 

This  we  attempted  to  do  in  a  series  of  experiments  in  which  we  studied 
the  actual  mechanism  of  the  production  of  poison  in  each  instance.  These  ex- 
periments have  shown  that  in  the  poisons  arising  during  the  incubation  of  the 
serum  with  kaolin  or  starch,  as  well  as  those  arising  when  specific  serum  is  di- 
gested with  its  antigen,  the  serum  is  the  source  of  poisonous  products.  More- 
over, it  was  found  that  the  products  of  such  autodigestion  of  serum  are  toxic 
only  to  homologous  animals.  This  would  indicate  that  during  the  anaphylaxis 
in  vizro  the  toxic  split  products  originate  only  from  the  digestion  of  serum  or 
tissues  of  the  animal  and  not  from  heterologous  protein  of  the  antigen. 

Since  it  is  established  that  in  the  experiments  of  Bordet,  as  well  as  in 
those  of  Friedberger,  the  formation  of  toxic  split  products  is  identical,  namely, 
that  it  is  due  to  the  digestion  by  the  normal  serum  ferments  of  autogenous  pro- 
tein, the  similarity  of  the  biologic  properties  of  the  respective  end-products  of 
such  digestion  may  speak  for  their  identity.  On  the  other  hand,  the  fact  that 
in  Vaughan's  experiments  the  poison  arises  from  heterologous  protein  shows 
that  this  poison  is  not  identical  with  anaphylatoxin,  in  spite  of  the  similarity  of 
its  biologic  action  upon  animals. 

These  findings,  taken  in  connection  with  the  results  obtained  by  us  in  the 
study  of  the  mechanism  of  specific  parenteral  digestion,  referred  to  above,  sug- 
gest that  the  nature  of  anaphylatoxin  is  as  follows :  Fresh  serum  contains  nor- 
mal proteolytic  ferments  whose  digestive  action  in  vivo  as  well  as  in  vitro  is 
inhibited  by  the  simultaneous  presence  of  some  antitryptic  elements.  This  anti- 
trypsin can  be  removed  from  the  serum  in  vitro  by  two  independent  processes : 
one,  nonspecific, — a  simple  mechanical  adsorption  by  means  of  excess  of  some 
organic  as  well  as  some  inorganic  substances ;  the  other,  specific, — an  inactiva- 
tion  of  the  antitryptic  properties  of  the  serum,  taking  place  as  a  result  of  the 
physico-chemical  changes  in  the  serum,  induced  by  the  s]X'cilic  interaction  be- 
tween the  antigen  and  the  antibody  of  the  immune  serum.  The  removal  of  the 
inhibiting  antitryptic  action  of  the  serum,  by  eitluT  method,  is  followed  by  the 
restitution  of  tlie  activity  of  tlie  normal  proteolytic  enzyme,  which  may  attack 
both  the  prcjtein  of  the  antigen,  as  well  as  the  prctein  of  tlie  serum  itself.  .Vt  a 
certain  stage  of  this  autodigestion  the  split  products  of  the  scrum  protein  ex- 
hibit toxic  properties.  Biological  proj)erties  of  these  toxic  substances  indicate 
their  similarity  to  the  anaphylatoxin  and  suggest  that  the  anaiihylatoxin  of 
Friedberger,  whether  occurring  /;/  \'ivo,  or  i)r(Kluced  /';;  I'ilro.  is  a  result  of  the 
autodigestion  of  serum,  and  not  of  the  protein  outside  oi  the  serum. 

Our  findings  as  described  above  showed  that  there  is  no  experimental 
evidence  of  the  existence  of  specific  ferments,  and  that  the  i)henomena  of  [)ar- 
enteral  digestion,  ascriiied  by  Vaughan  to  the  activity  of  specific  ferments,  can  be 
])Iausil)]v  cx]ilainr(l  and  expt'rinu'ntalU'  demonstrated,  without  as^nming  the  exist- 
ence in  the  bo(l\-  of  a  special  specific  mechanism  outside  of  anliliody   formation. 
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Having  thus  answered  the  first  question  which  we  set  out  to  study,  we  will 
try  to  answer  the  second  one. 

Namely, — assuming  the  above  mechanism  of  parenteral  digestion  to  be  cor- 
rect— why  then  in  some  cases,  does  the  introduction  of  protein  into  normal  ani- 
mals result  in  the  establishment  of  heightened  resistance,  whereas  in  other  cases 
it  leads  to  heightened  vulnerability.'' 

As  we  have  stated  above,  the  activation  of  normal  ferments  present  in  spe- 
cific sera,  through  the  changes  in  colloidal  dispersion  following  the  union  in  vivo 
between  the  antigen  and  antibody,  may  lead  to  digestion  of  antigen  as  well 
as  to  that  of  the  serum  itself.  When  the  antigen  mainly  is  digested,  the  phe- 
nomenon is  interpreted  by  the  observer  as  that  of  protection.  When  the  serum 
or  other  autogenous  elements  are  digested,  the  autogenous  split  products  being 
toxic  to  the  animal,  the  intoxication  occurs  and  the  observer  interprets  symptoms 
as  a  sign  of  heightened  vulnerability. 

It  is  evident  from  the  above,  that  the  actual  mechanism  of  parenteral  di- 
gestion in  the  body  of  the  animal  previously  injected  with  the  homologous  pro- 
tein, and  thus  possessing  the  circulating  specific  antibody,  is  the  same  in  both 
cases.  Namely,^ — the  antigen  upon  its  reintroduction  is  anchored  by  antibody, 
and  this  union  leads  to  the  liberation  of  normal  proteolytic  ferments  of  the 
serum.  It  is  only  at  this  point  that  the  difference  may  come  in,  depending  upon 
which  substratum  is  mainly  attacked  by  this  ferment. 

There  must  be  at  this  point,  therefore,  the  main  problem  of  the  situation. 
W^hat  determines  the  direction  of  the  activity  of  the  ferments?  Is  this  activity 
selective  and  directed  exclusively  toward  sensitized  antigen  in  one  case,  and  the 
serum  protein  in  the  other,  or  is  the  difference  in  two  cases  only  quantitative 
and  not  qualitative? 

Our  experiments  point  to  the  second,  as  a  correct  answer. 

It  is  true,  some  of  our  findings  seem  to  show  that  sensitized  antigen  is  more 
readily  digested  by  the  ferment  in  "momentu  nascendi"  and  thus  there  might 
be  a  degree  of  selective  action  on  the  part  of  a  ferment.  But  experiments  in 
this  direction  are  very  difficult  and  the  amount  of  work  actually  done  is  not 
yet  sufficient  for  us  to  definitely  claim  such  to  be  the  case. 

On  the  other  hand,  and  in  the  majority  of  experiments,  there  seems  to  be 
no  selective  action  on  the  part  of  the  ferment.  Both  the  serum  itself  and  the 
antigen  seem  to  be  equally  subject  to  the  attack. 

What  then  determines  the  degree  of  toxicity  developed  during  this  process 
of  parenteral  digestion? 

First  of  all,  of  course,  the  amount  of  the  autogenous  toxic  split  products 
liberated  during  digestion.  And  this  seems  to  be  in  direct  relation  with  the 
amount  of  antigen  introduced. 

It  is  very  well  established  experimentally  that,  no  matter  how  small  it 
may  be  in  certain  cases,  the  dose  of  antigen  introduced  into  a  sensitized  animal 
must  be  sufficient  to  produce  the  anaphylactic  shock.  If  the  amount  of  antigen 
is  too  small,  the  shock  does  not  take  place,  although  the  experimental  animal 
may  show  other,  milder  symptoms,  due  to  partial  intoxication. 

It  is  thus  evident,  that  the  amount  of  antigen  reintroduced  into  a  sensitized 
animal,  is  a  very  important  factor  in  determining  the  degree  of  intoxication. 
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On  the  other  hand  experiments  have  definitely  shown,  that  exposure  of 
sensitized  animals  to  cold  or  starvation  may  reduce  the  toxic  efi:'ect  of  the  in- 
jection of  a  lethal  dose  of  antigen. 

These  experiments  suggest,  that  not  only  the  actual  amount  of  antigen  in- 
troduced, but  also  the  rapidity  with  which  it  unites  with  the  antibody,  may  in- 
tluence  the  rapidity  of  liberation  of   ferments  and   resulting  intoxication. 

This  relation  may  be  still  better  demonstrated  by  the  known  fact,  that  if 
instead  of  injecting  at  once  a  lethal  dose  of  antigen  into  a  highly  sensitized 
animal,  one  would  inject  the  same  and  even  a  larger  amount  very  slowly,  the 
acute  anaphylactic  shock  might  be  averted.  Thus,  the  degree  of  toxicity  de- 
veloped during  parenteral  digestion  in  sensitized  animals  is  apparently  deter- 
mined by  the  amount  of  digestion  taking  place  in  a  unit  of  time  and  this  in 
turn  depends  on  the  amount  of  antigen  injected  in  a  unit  of  time. 

Such  a  view  of  the  phenomenon  would  explain,  it  seems,  how  it  is  that 
parenteral  digestion,  following  reintroduction  of  antigen,  mav  at  times  seem- 
ingly protect  the  animal,  whereas  at  other  times  injures  its  well-being. 

If  the  amount  of  antigen  reintroduced  into  a  sensitized  animal  is  small  or 
mtroduced  very  slowly,  the  amount  of  ferment  liberated  in  unit  of  time,  is 
very  slight,  and  the  amount  of  autogenous  split  products  may  be  so  small,  that 
the  animal  may  show  no  apparent  symptoms  of  intoxication.  If,  however,  the 
amount  of  antigen  is  sufficient  and  if  it  is  introduced  rapidly,  the  rate  of  ac- 
tivation of  the  ferment  is  great,  and  the  animal  succumbs  to  intoxication  with 
autogenous  split  products. 

In  case  of  natural  reinfection  with  pathogenic  microorganisms,  the  amount 
of  antigen,  W'hich  penetrates  into  the  body  of  sensitized  animals,  is  usually  small 
enough,  and  even  if  it  multiplies  in  the  body  at  the  beginning,  the  process  is 
so  slow  and  the  extent  of  autodigestion  in  a  unit  of  time  is  so  slight,  that  the 
reaction  occurs  without  the  visible  injury  to  the  host,  and  this  is  why  the  ob- 
servers called  the  process  "protective"  and  the  animal  "immune." 

If,  however,  the  same  animal  be  artificially  given  a  large  dose  of  the  same 
antigen,  large  amount  of  ferment  is  liberated  rapidly,  causing  anaphylaxis  and 
we  call  the  same  animal  "hypersensitive." 

However,  the  amount  of  the  antigen  and  the  rate  of  its  introduction  into 
sensitized  animals  is  apparently  not  the  only  mechanism  controlling  the  rate  of 
parenteral  digestion,  as  judged  by  the  appearance  of  toxic  split  products. 

It  is  observed  for  instance,  that  animals,  receiving  systematic  injections  of 
toxic  foreign  protein  at  short  intervals,  can  develop  their  resistance  to  the 
given  toxic  substance  to  such  a  degree  that  the  amount  of  protein  containing  sev- 
eral toxic  doses  of  antigen,  may  be  injected,  no  matter  how  rapidly,  without  pro- 
ducing even  the  sligiitest  symptoms.  It  is  noticed,  however,  that  a  similar  ani- 
man  inoculated  with  a  similar  dose  of  antigen,  the  only  dift"ercnce  being  that  be- 
tween the  time  of  the  last  serial  injection  antl  the  test  injection  sufficient  time 
has  elapsed — will  succuml)  with  anaphylactic  shock. 

In  both  cases  the  amount  of  antigen  and  the  rapidity  of  injection  being 
the  same,  it  is  evident  that  the  difference  in  time  elapsed  between  the  last  serial 


582  The  Journal  of  Laboratory  and  Clinical  Medicine 

injection  and  the  test  injection,  determines  the  difference  in  the  effect  of  the 
respective  test  injections. 

Tust  what  happens  in  the  sensitized  animal  during  this  period  of  time,  called 
"incubation  period,"  is  differently  explained  by  different  authors.  Our  own 
experiments  lead  us  to  believe  that  the  reason  for  the  difference  in  the  response 
of  the  sensitized  animals  to  reinjection  in  the  two  cases  cited  above,  is  as  fol- 
lows : 

The  union  between  the  antigen  and  antibody,  as  we  have  suggested  above, 
reduces  the  inhibiting  power  of  the  serum-antitrypsin,  and  thus  liberates  its  nor- 
mal ferments.  Such  can  be  the  case  only  as  long  as  the  remaining  amount  of 
anti ferment  is  not  too  great  to  interfere  with  the  action  of  the  ferment,  as  it 
is  liberated.  If  the  amount  of  antiferment  is  too  great,  it  may  delay,  or  alto- 
gether prevent,  the  digestive  action  of  the  ferments. 

When  antigen  is  introduced  parenterally  into  a  normal  animal,  once  or  in 
serial  injections,  such  antigen  is  digested.  It  is  known  that  the  products  of 
such  digestion  are  strongly  antitryptic.  It  is  thus,  that  as  the  digestion  pro- 
gresses, there  is  going  on  all  the  time  the  formation  of  new  antitrj^ptic  split  prod- 
ucts, which  are  eventually  either  assimilated  by  the  cells  in  the  constructive 
process  of  the  body,  or  are  eliminated.  Such  removal  of  excess  of  antitryptic 
elements  is,  however,  not  rapid,  and  as  long  as  the  antitryptic  split  products  of 
the  antigen  from  the  previous  injection  remain  in  circulation,  the  rapid  action 
of  newly  liberated  ferments  is  prevented,  and  anaphylaxis  does  not  occur.  If, 
however,  enough  time  is  allowed  to  pass,  usually  about  twelve  to  fifteen  days, 
before  the  test  injection  is  given,  the  excess  of  antitryptic  products  of  previous 
parenteral  digestion  are  removed,  and  a  rapid  action  of  ferments  is  thus  made 
possible.     Such  rapid  digestion  may  cause  the  shock. 

That  this  view  is  correct  also  follows  from  the  analysis  of  the  phenomenon 
of  so-called  vaccination  against  anaphylaxis. 

It  was  my  good  fortune  to  study  the  phenomenon  of  anaphylaxis  in  Besred- 
ka's  laboratory  when  he  found  that,  if  the  treated  animal  should  be  given  a 
second  injection  of  antigen  before  the  expiration  of  full  incubation  time  after 
the  first  injection,  such  an  animal  does  not  respond  with  anaphylactic  shock 
to  the  test  injection  at  the  time  expected  (thirteen  to  fifteen  days  after  the  first 
injection),  but  later.  Moreover,  the  larger  the  dose  of  antigen  injected,  the 
longer  is  the  state  of  hypersensitiveness  delayed,  and  the  period  of  resistance 
prolonged. 

This  phenomenon  suggested  to  Besredka  the  possibility  of  using  it.  in  order 
to  prevent  the  undesirable  reaction  in  anaphylactic  animals. 

Namely,  he  succeeded  in  preventing  anaphylactic  shock  in  animals  having 
passed  the  incubation  period  after  their  first  (or  after  their  last  serial)  injec- 
tion, by  merely  injecting  a  sublethal  dose  of  the  antigen  some  short  time  pre- 
vious to  the  following  test  injection  of  several  lethal  doses  of  antigen. 

This  experiment  is  the  basis  of  the  method,  which  is  used  every  day  now 
for  the  prevention  of  serum  sickness  in  children  receiving  more  than  one  injec- 
tion of  diphtheria  antitoxin. 

The  mechanism  of  such  "vaccination  against  anaphylaxis"  was  found  by 
us  to  be  that  of  retardation  of  ferment  action  by  the  circulating  split  products 
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remaining   from   the   digestion     following   the   vaccinating   injection   of   antigen, 
and  not  to  exhaustion  of  antibody,  as  assumed  by  others. 

Such  a  state  of  seeming  resistance  to  anaphylaxis,  or  as  it  is  called  "the 
state  of  antianaphylaxis,"  was  produced  by  many  other  procedures  than  vac- 
cinating injection  of  antigen. 

Thus,  it  was  found  that  administration  of  anesthetics,  sedatives  and  many 
other  toxic  substances  may  prevent  the  subsequent  development  of  anaphylaxis. 
The  mechanism  of  such  action  of  the  substances  just  referred  to,  was  never 
adequately  explained. 

Having  convinced  ourselves  that  in  the  case  of  "vaccination"  against  ana- 
phylaxis the  mechanism  involved  was  that  of  production  of  antitrypsin,  we  tried 
to  see  if  the  same  could  also  be  true  in  the  other  cases.  Actual  measurements 
have  shown  this  to  be  the  case.  We  found  that  without  exception,  the  ad- 
ministration of  substances  known  to  have  the  effect  of  preventing  the  anaphy- 
lactic shock,  is  followed  by  a  more  or  less  marked  increase  in  antitryptic  prop- 
erties of  the  blood. 

Thus  we  suggest  that  administration  of  poisons,  causing  destructive  changes 
in  the  cells  of  the  body,  in  quantities  not  sufficient  to  kill  the  animal  outright, 
is  followed  by  the  death  of  the  tissues  immediately  affected  by  the  poison.  With 
the  death  of  tissues  the  intracellular  ferments  are  set  free.  These  ferments, 
possibly  with  the  collaboration  of  the  ferments  thrown  out  from  the  surround- 
mg  fixed  cells,  as  well  as  from  the  blood  serum  and  leucocytes,  proceed  to  dis- 
pose of  the  dead  material. 

Some  of  the  protein  split  products  of  such  digestion,  together  with  some 
of  the  nonprotein  constituents  of  the  destroyed  cells,  may  exert  antitrvptic  ac- 
tion. If  a  sensitized  animal  is  subjected  to  such  treatment,  previous  to  the  test 
injection,  and  if  such  test  injection  is  given  before  the  antitryptic  split  products 
referred  to  above  are  eliminated,  they  may  retard  or  stop  the  activity  of  proteoly- 
tic ferments  liberated  upon  the  introduction  of  antigen,  and  thus  prevent  the 
anaphylactic  shock. 

The  view  of  specific  parenteral  digestion,  as  outlined  in  the  earlier  part 
of  this  paper  offers,  it  would  seem,  a  plausible  basis  on  wliich  the  various  seem- 
ingly contradictory  phenomena  of  immunity  can  be  satisfactorily  explained. 
Such  a  hypothesis  suggests  first  of  all,  that  the  terminology  used  in  connection 
with  the  study  of  the  reactions  of  the  h\ing  organisni,  following  its  invasion  bv 
biological  poisons,  is  not  adequate. 

In  considering  the  question  in  the  light  of  its  historical  development!  one 
is  impressed  by  the  fact  that  ever  since  the  first  observations  on  this  subject, 
the  apparent  increase  of  tolerance  to  biological  poisons,  following  their  re- 
peated introduction  into  experimental  animals,  has  l)cen  accepted  to  be  the 
expression  of  nature's  protective  force.  This  teleoloyical  conception  of  the  re- 
action on  the  i)art  of  animal  organisms  upon  the  parenteral  introduction  of  for- 
eign material,  however,  could  not  ade(|uately  explain  all  the  plienoniena  ob- 
served. The  work  of  Vaughan  especially  has  suggested  that  in  spite  of  the 
difference  in  the  final  effect,  the  reaction  of  the  animal  body  must  be  the  same 
in  case  of  heightened   as   wril   as  diniiiiisluMl    resi>tance  to  poisons. 
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Although  our  experiments  fully  confirmed  this  view,  the  intimate  mechanism 
of  this  reaction  seems  to  be  different  from  that  suggested  by  Vaughan. 

There  seems  to  be  no  evidence  of  the  existence  of  specific  ferments  and 
the  apparent  specificity  of  digestive  processes  seems  to  be  due  to  the  presence 
in  sensitized  animals  of  specific  antibodies  in  the  sense  of  Ehrlich. 

As  to  the  difiference  in  final  efifect  following  the  specific  activation  of  serum 
ferments — it  is  due  to  the  diiference  in  rate  of  digestion. 

Thus  phenomena  "immunity"  or  "anaphylaxis"  can  be  nothing  but  different 
forms,  in  which  a  greater  and  more  general  process  of  specific  parenteral  diges- 
tion expresses  itself  to  the  observer. 


THE  SEROTOXIN  OF  JOBLING* 


By  N.  R.  Smith,  A.M.,  Axx  Arbor,  Mich. 


THE  production  of  a  serotoxin  by  treating  homologous  and  heterologous  sera 
with  chloroform  and  ether  as  reported  by  Jobling^  has  found  wide  accept- 
ance among  w^orkers  in  the  field  of  anaphylatoxins  and  is  incorporated  in  the 
literature  of  the  subject  alongside  the  earlier  pioneer  work  of  Richet,  Bordet, 
Friedberger,  Nathan  and  others.  Jobling  maintains  that  the  ferment  action  of 
the  serum  is  held  in  abeyance  normally  by  an  unsaturated  lipoidal  antitrj'ptic 
substance ;  the  removal  of  which  by  lipoid  solvents  permits  autolysis  of  the  serum 
proteins,  thereby  forming  a  poison,  which  is  in  all  probability  identical  with 
Vaughan's  protein  split  product. 

Some  work  was  under  way  in  this  laboratory  in  which  splitting  of  germ 
substance  by  sera  was  the  desired  end.  In  the  light  of  Jobling's  work  it  seemed 
reasonable  to  assume  that  the  splitting  action  of  the  sera  could  be  greatly  in- 
creased and  accelerated  by  shaking  out  the  sera  with  chloroform  before  incuba- 
tion with  the  germ  substance.  Therefore  rabbit  serum  was  shaken  with  one- 
tenth  its  volume  of  chloroform  four  minutes,  then  centrifuged  at  8.000  R.P.M. 
for  ten  minutes  and  the  supernatant  serum  carefully  pipetted  off  from  a  pre- 
cipitate that,  upon  centrifugation,  was  interposed  between  the  chloroform  on 
the  bottom  and  the  serum  above.  More  will  be  said  later  concerning  this  pre- 
cipitate. As  a  matter  of  routine,  controls  were  made  by  testing  the  action  of 
the  serum  on  guinea-pigs  before  incubation  with  the  germ  substance.  As  high 
as  9  c.c.  of  the  normal  untreated  serum  had  been  injected  without  effect,  but 
since  the  M.L.D.  of  serum  and  germ  substance  after  incubation  was  known 
by  trial  to  be  3  c.c.  or  less,  the  control  injection  of  the  normal  serum  was  usually 
limited  to  3  c.c.  But  upon  the  injection  of  the  chloroformed  serum  in  3  c.c. 
quantities  as  a  control ;  that  is,  without  incubation  with  germ  substance,  the 
pigs  died  instantly.  Reduction  of  the  dose  to  one  cubic  centimeter  still  pro- 
duced death  in  most  cases,  and  always  a  marked  prostration.  A  summary  of 
these  observations  is  given  in  table  I. 


*From  the  Hygienic   Laboratory,   University   of  Michigan. 
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Table  I. 

Rabbit   serum   shaken   at   room   temperature   with   one-tenth   volume   of   chloroform,   centrl- 
fuged  ten  minutes  at  8,000  R.P.M. 


PIG. 

DOSE. 

RESULT. 

1 

3  c.c. 

Instantaneous    death. 

2 

2.5  c.c. 

H                                              It 

3 

2  c.c. 

U                                              II 

4 

1.5  c.c. 

Prostration;    died    in    four    hours. 

5 

1  c.c. 

Instantaneous    death. 

6 

1  c.c. 

Deep   prostration ;   lived. 

*7 

3  c.c. 

No    effect. 

*8 

3  c.c. 

No    effect. 

'Controls ;   received   normal   untreated   serum. 

The  character  of  the  deaths,  together  with  the  autopsy  findings  clearly  in- 
dicated atypical  anaphylaxis  and  pointed  strongly  to  the  residual  chloroform  in 
the  serum  as  the  toxic  agent.  The  serum  was  perfectly  clear  and  free  from 
emulsion  by  reason  of  the  thorough  centrifugation,  but  had  a  faint  odor  of 
chloroform.  To  determine  roughly  the  influence  of  the  residual  chloroform, 
a  portion  of  the  serum  was  filtered  six  times  through  qualitative  paper  and  3  c.c. 
then  injected,  intravenously  as  before.  The  pig  was  beautifully  anesthetized  for 
a  few  minutes,  but  recovered  sharply  and  completely,  in  a  manner  very  similar 
to  the  recovery  of  those  pigs  receiving  a  sublethal  dose  of  the  treated  serum 
without  filtration.  Another  portion  of  the  treated  and  centrifuged  serum  was 
placed  in  a  wide  mouth  test  tube  and  air  blown  over  the  surface  for  two  hours. 
Bubbling  air  through  the  serum  was  impracticable  because  of  the  foaming.  In- 
jection in  3  c.c.  doses  produced  death,  but  only  varying  degrees  of  stupor  in 
lesser  quantities,  1  c.c.  being  entirely  without  effect.  Again,  some  normal  serum 
was  shaken  with  one  per  cent  its  volume  of  chloroform  for  exactly  one  minute, 
then  allowed  to  subside  for  five  munutes  and  the  serum  carefully  pipetted  off. 
Three  cubic  centimeters  of  this  serum  produced  an  immediate  and  deep  anes- 
thesia lasting  for  five  minutes,  when  the  pig  recovered  as  sharply  as  it  had  been 
prostrated. 

All  this  is  preliminary  to  the  object  of  this  paper  and  only  relates  the  man- 
ner in  which  our  attention  was  temporarily  diverted  from  another  line  of  work 
to  a  consideration  of  certain  very  obvious  phases  of  Jobling's  serotoxin  studies. 
Several  objections  can  be  raised  at  this  point  to  any  assumptions,  on  the  basis 
of  the  experiments  thus  far  cited,  concerning  serotoxin.  First,  rabbit  serum  is 
at  best  but  weakly  tryptic,  and  would  therefore  be  unlikely  to  produce  a  sero- 
toxin of  any  remarkable  potency.  Again,  the  quantity  of  chloroform  used  was 
too  small,  according  to  Jobling,  to  produce  a  serotoxin  by  lipoid  removal.  Lastly 
sufficient  time  was  not  allowed  for  the  tryptic  action  to  assert  itself  in  full  force. 

Accordingly  various  sera  were  tried  and  the  method  of  ])roccdure  modified 
to  give  better  conditions  for  the  serotoxin  to  be  fonnod.  In  the  next  experi- 
ment rabbit  serum  was  scaled  in  tulics  with  chlorof(U-ni  in  the  proportions  of 
one-tenth  volume,  one  volume,  and  two  volumes  of  the  cliloroform  to  that  of 
the  scrum.  As  control  tubes,  physiological  salt  solution  with  the  same  propor- 
tions of  chloroform  were  made  up  and  a  tube  of  the  serum  with  no  chloroform. 
All  were  placed  on  the  shaking  machine  at  room  temperature,  and  agitated  for 
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the  times  indicated  in  the  tabulations  below,  then  centrifuged  at  8,000  R.P.M. 
for  thirty-five  to  sixty  minutes,  and  further  treated  as  specified  in  each  protocol. 

Table  II. 

Rabbit   serum    plus   oue-tenth    volume   of   chloroform,    shaken    36   hours   at    room    tempera- 
ture, centrifuged  35  minutes  at  8,000  R.P.M. 
PIG.  DOSE.  RESULT. 

1  1.5  c.c.  Death   in   6   minutes ;   no    shock,   some   dyspnea,   lungs   dilated 

and  clot  in  the  heart. 
1  1  c.c.  Death   in  2   minutes;    slight   dyspnea,   no   clot,   no   dilation   of 

the   lungs. 

3  1  c.c.  Prostration ;    recovery    sharp    and    complete. 

4  .5  c.c.  No  effect. 

A  portion  of  the  treated  and  centrifuged  serum  was  aerated  for  15  minutes  by  blow- 
ing air  through  it  from  a  very  fine  capillary. 

5  1  c.c.  No  effect. 

6  1.5  c.c.  Slight    prostration;    lived. 

7  2  c.c.  Prostration    2    minutes;    lived. 

8  3  c.c.  Prostration   3    minutes ;    lived. 
*9                    1  c.c.  Slight  shock;  lived. 

*10  1.5  c.c.  Marked   shock;   lived. 

*11  3  c.c.  Typical    anaphylactic    death    and    autopsy. 

*Controls  ;   received  serum  shaken  36  hours  with  no  chloroform. 

T.\BLE    III. 
Rabbit  serum  shaken  36  hours  with  one  volume  of  chloroform,  then  centrifuged  35  minutes 
at  8.0C0  R.P.M. 

PIG.  DOSE.  RESULT. 

1  1  c.c.  Prostration  ;    lived. 

2  2  c.c.  Deep   prostration;   recovery   gradual   and   slow. 

3  2  c.c.  Death    in    2    minutes ;    atypical,    autopsy   likewise. 

A  portion  was  aerated  45  minutes  by  blowing  air  through  a   fine  capillary. 

4  2  c.c.  No  effect. 

*S  2  c.c.  Severe   prostration ;    recovered. 

*6  3  c.c.  Death  in  2  minutes ;  atypical  death  and  autopsy. 

*Controls;  received  physiological  salt  solution  treated  with  two  volumes  of  chloroform,  shaken 
36  hours,   centrifuged   35   minutes  at  high  speed. 

In  the  next  experiments  two  radical  modifications  were  made  in  the  pro- 
cedure. The  centrifugation  is  continued  at  the  usual  high  rate  for  one  hour. 
The  aeration  was  accomplished  by  placing  the  serum  after  treatment  and  cen- 
trifugation, in  a  wide  tube  and  then  directing  a  strong  current  of  air  tangentially 
against  the  surface  of  the  serum  close  to  the  wall  of  the  tube.  The  serum  by 
this  method  was  set  into  violent  agitation,  but  the  troublesome  foaming  was 
entirely  eliminated.  The  air  used  was  filtered  through  a  long  tube  filled  with 
glass  wool. 

Table  IV. 
Rabbit   serum   plus   one-tenth   volume   chloroform,   shaken    18  hours,   centrifuged   one   hour. 

RESULT. 
Stupor ;  lived. 

Deep   prostration ;   recovered. 

Instantaneous    death;    atypical    s^-mptoms    and    autopsy. 
Death  in   1   minute ;  atjpical,   autopsy  likewise. 

A  portion  was  aerated  30  minutes  by  surface  agitation. 

5  5  c.c.  No  effect. 
*6  3  c.c.  No  effect. 
*7  5  c.c.                   No  effect. 

*ControIs;    received    serum    when    fresh    and    without    treatment. 


PIG. 

DOSE. 

1 

1  c.c. 

2 

2  c.c. 

3 

2  c.c. 

4 

2.5  c.c 

PIG. 

DOSE. 

1 

2  c.c. 

Aerated 

30   minutes 

2 

5  c.c. 

*3 

5  c.c. 

*Control ; 

received  phv: 
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Table  V. 
Rabbit  serum  plus  one  volume  of  chloroform,  shaken  18  hours,  centrifuged  one  hour. 
PIG.  DOSE.  RESULT. 

1  1  c.c.  Prostration  2   minutes ;    recovery  sharp   and  complete. 

2  2  c.c.  Death  in  2  minutes ;   atypical. 
A  portion  was  aerated  30  minutes  bj*  agitation. 

3  2  c.c.  Xo  effect. 

4  2  c.c.  No  effect. 

Another  portion  was  aerated  45  minutes  by  agitation. 

5  4  c.c.  Xo  effect. 

6  5  c.c.  No  effect. 

*7  3  c.c.  Death   in   5   minutes ;   atypical. 

*8  3  c.c.  No  effect. 

*9  3  c.c.  Slight    intoxication ;    no    shock. 

#10  5  c.c.  No  effect. 

#11  5  c.c.  No  effect. 

*Controls ;    received   serum   shaken   IS   hours   without  chloroform. 
#Controls ;   received   normal   serum   standing  in  cold    18  hours. 

Table  VI. 
Physiological  salt  solution  plus  one-tenth  volume  chloroform,   shaken  18  hours,  centrifuged 
one  hour. 

RESULT. 

Deep   prostration ;    lived. 
•   bubbling   air    through   the   solution. 
No  effect. 
No  effect. 

)gical   salt  solution. 

Table  VII. 

A   .5%   solution   of   chloroform   in   physiological   salt   solution   was   shaken    18  hours.      Cen- 
trifugation   was   omitted   as   no   chloroform   settled   out   upon   standing. 

PIG.  DOSE.  RESULT. 

1  2  c.c.  Instantaneous    death. 
Solution  was  diluted  to  two  volumes  with  salt  solution. 

2  2  c.c.  Prostration   and    slow   death   in   5   minutes. 

3  1  c.c.  Prostration    1    minute ;    lived. 

A\'e  next  wished  to  show  that  the  clarity  of  the  serum  was  no  proof  that 
it  was  free  from  chloroform.  Rabbit  serum  was  placed  with  two  volumes  of 
chloroform,  with  occasional  shaking-  at  room  temperature  four  days.  It  was 
then  centrifuged  for  exactly  ten  minutes,  which  was  not  sufficient  centrifuga- 
tion  to  make  a  complete  separation  of  the  emulsion,  as  was  evidenced  by  the 
cloudiness  of  the  serum.  A  series  of  filtrations  was  then  begun  with  injections 
intervening  to  check  the  progressive  partial  removal  of  the  residual  chloroform. 
The  results  are  shown  in  table  VIII. 

Table  VIII. 

c.c.  PER  GM.  NO.  OE 

PIG.  WT.  DOSE.  OF  \VT.  FILTRATIONS.  RESULT. 

1  350  .5  c.c.        .0014  0  Prostrated  6  minutes;   lived. 

2  290  .75  c.c.      .0026  2  No  effect. 

3  220        1.5  c.c.         .0068  4  Atypical  death    in    19   minutes. 

4  275        2.0  c.c.        .0072  7  Prostrated  3  minutes;   lived. 
An  unfiltered  portion  was  aerated  20  minutes  by  agitation. 

5  225        3.0  c.c.        .013  0  Mild  shock;  lived. 
*6                       3.0  c.c.  No  effect. 

*7  5.0  c.c.  No  effect. 

'Controls;  received   fresh  untreated   scrum. 
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After  the  fourth  filtration  some  of  the  filtered  serum,  which  was  now  crystal 
clear,  was  placed  in  a  side  arm  test  tube,  tightly  corked  and  the  side  arm  con- 
nected to  a  suction  pump  giving  24  inches  of  vacuum.  The  tube  with  contents 
was  placed  in  a  bath  at  forty-five  degrees  C.  for  30  minutes,  the  pump  work- 
ing all  the  time.  Violent  ebullition  of  the  serum  began  almost  immediately  and 
lasted  about  four  minutes.     Table  IX  indicates  the  results  of  the  injections. 

Table  IX. 

C.C.  PER  GM. 
PIG.  WT.  DOSE.  OF  VVT.  RESULTS. 

1  215        1  C.C.  .0046  No  eflfect. 

2  225        3  C.C.  .013  Shock;   lived. 

*3  235        3  C.C.  .0127  Light  shock;  lived. 

♦Control;    received    serum    which    had   stood    at   room    temperature    4    days. 

At  the  same  time  that  the  serum  used  in  tabulations  VIII  and  IX  was  placed 
with  the  chloroform,  another  portion  was  placed  with  two  volumes  of  ether 
and  with  occasional  shaking  was  allowed  to  ^tand  at  room  temperature  seven 
days.  It  was  likewise  centrifuged  ten  minutes  and  the  serum  removed  from 
underneath  the  ether  by  means  of  a  bulb  pipette  provided  with  a  very  fine  capil- 
lary stem,  so  as  to  minimize  the  quantity  of  ether  which  would  unavoidably 
be  taken  in  as  the  tube  penetrated  the  ether  to  reach  the  serum.  Table  X  re- 
cords the  injections  and  results. 

*Table  X. 

C.C  PERGM. 

PIG.           WT.          DOSE.               OF  WT.  RESULTS. 

■  1          245         1  C.C.             .0041  Slight   prostration. 

2  275         1  C.C.             .0036  Prostration  3  minutes ;   lived. 

3  245         1.5  C.C.          .0061  Prostration   four  minutes;  lived. 
The  remainder  was  aerated  30  minutes  by  agitation. 

4  250        2  C.C.            .008  Xo  eflfect. 

5  285        3  C.C            .011  No  eflfect. 

6  225        4  C.C.            .018  Xo  eflfect. 

*Controls   same  as   in  table   eight. 

In  table  XI  is  condensed  the  last  experiment  on  rabbit  serum.  This  was 
done  in  order  to  make  a  comparison  of  the  two  methods  of  chloroform  removal 
on  the  same  treated  serum. 

Table  XI. 

Rabbit  serum  plus  one  volume  chloroform,  shaken  22  hours,  centrifuged  one  hour. 

C.C.  PER  GM. 
PIG.  WT.  DOSE.  OF  WT.  RESULTS. 

1  340  .5  C.C.         .0015  Slight  stupor. 

2  400        1  C.C.  .0025  Death   in  4  minutes ;    atj-pical   autops\'. 
A  portion  was  aerated  30  minutes  by'  agitation. 

3  400        2  C.C.  .005  Light  shock;  lived. 

4  285        3  C.C.  .011  No  eflfect. 

A  portion  was  placed  at  45  degrees  C.  under  a  24  inch  vacuum  for  5  minutes.  Serum 
boiled  vigorously  for  2-3  minutes. 

5  295        1  C.C.  .0034  No  eflfect. 

6  270        2  C.C.  .0074  Prostration  4  minutes;  lived. 
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Still  another  portion  was  left  at  45  degrees  C.  for  30  minutes,  the  vacuum  pump  acting 
conlinuouslv. 


C.C.  PFRGM. 

PIG. 

WT. 

DOSE. 

OF  WT. 

RESULTS. 

7 

285 

3  C.C. 

.011 

Light   shock ;   lived. 

*8 

335 

3  C.C. 

.009 

No  effect. 

*9 

315 

5  C.C. 

.016 

No  effect. 

#10 

290 

3  C.C. 

.01 

No  effect. 

#11 

240 

5  C.C. 

.021 

No  effect. 

PIG. 

DOSE. 

1 

1  c.c. 

Aerated 

30  mini 

2 

2  C.C. 

3 

2.5  C.C. 

4 

1    C.C. 

*5 

3  C.C. 

*6 

2  C.C. 

*7 

2.5  C.C. 

*8 

2  C.C. 

*Controls;   received   fresh   normal   serum. 
#Controls ;   received   serum   shaken  22   hours    without    chloroform. 

The  same  procedure  as  has  been  given  thus  far  was  followed  quite  closely  , 
in  the  work  on  other  sera  than   rabbit.     The  data  will   be  tabulated  for  each 
serum,  and  such  minor  modifications  as  were  made  noted. 

Table  XII. 
Dog  serum  plus  two  volumes  of  chloroform,  shaken  18  hours,  centrifuged  one  hour. 

RESULT. 

Instantaneous  atypical  death, 
b}-  agitation. 

Shocked ;   died   in   2   hours,   typical   autopsy. 
Moderate  shock  ;   lived. 
Mild   shock;   died  in   12  hours. 
Death  in  7  minutes ;   typical  autops\-. 
No  shock;  died  in   15  hours. 

T\pical  shock  and  death  in  6  minutes;  autopsj-  likewise. 
Death  in  1^  hours. 
*Controls;  received   fresh  normal  dog  serum. 

Table  XIII. 
Dog  serum  plus  one  volume  of  chloroform,  shaken  18  hours,  centrifuged  1  hour. 

PIG.  DOSE.  RESULTS. 

1  1  C.c.  Instantaneous  death. 

Aerated  30  minutes  b}-  agitation. 

Violent  shock  and  death  in  23  minutes ;  typical  autopsy. 
Shock  and  death  in  31  minutes;  lungs  contracted,  other  autopsy 

findings   typical. 
Mild  shock  and  death  in   15  minutes;  tj'pical  autopsy. 
Violent    immediate    shock    followed    by   gradual    collapse    and 

death  in  43  minutes ;  no  clot,  lungs  contracted. 
Death  in  18  hours. 

Death  in  2  hours ;  no  shock,  typical  autopsy. 
Typical  death  in  7  minutes ;  autopsy  likewise. 
*Controls ;    received   dog  serinn   shaken    18   hours   without   chloroform. 

Table  XI\'. 
Dog  serum  plus  one-tenth  volume  chloroform,  shaken  18  hours,  centrifuged  one  hour. 

PIG.  DOSE.  RESULTS. 

1  1  c.c.  Instantaneous  death. 

Aerated  30  minutes  by  agitation. 

Immediate  shock;  died  in  two  days. 

Light    shock;    lived. 

Moderate  shock;   lived. 

Slmck;    lived. 

Siiock  ;  li\  od. 

Shock;    and   t\pical    death    in   39  minutes,   autopsy   likewise. 

Typical  death  in  5  minutes. 

'Controls;    received    normal   dog   serum    standing   in    cold    for    18   hours. 


2 

2  c.c. 

3 

2  c.c. 

4 

1  c.c. 

5 

2.5  c.c. 

*6 

2.5  c.c. 

*7 

3  c.c. 

*8 

3.5  c.c. 

2 

2  c.c. 

3 

1  c.c. 

4 

2.5  c.c. 

5 

3  c.c. 

*6 

2.5  c.c. 

*7 

3  c.c. 

*8 

3.5  c.c. 
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Table  XV. 

Dog  serum  plus  one  volume  of  chloroform,  shaken  19  hours,  centrifuged  one  hour. 

C.C.  PER  GM. 
PIG.  \VT.  DOSE.  OF  WT.  RESULTS. 

1  400        1  C.C.  .0025  Instantaneous    death. 

2  280          .5  C.c.  .0018  Death    in   30   seconds. 
Aerated  45  minutes  by  agitation. 

3  260        3  c.c.  .012  Death  in  30  minutes;  lungs  contracted,  no  clot,  heart 

in  diastole  and  beating. 

4  230        2  c.c.  .0087  Mild   immediate    shuck;    died   in    14   hours,   autopsy 

same  as  #3. 

5  260        3  c.c.  .012  Death  in  25  minutes;  autopsy  same  as  #3. 

6  175        1  c.c.  .0057  Death  in  2}/2  hours;  no  shock,  autopsy  same  as  #3. 

7  270        3.5  c.c.         .013  Death  in  two  hours;  autopsy  same  as   #3. 
*8          300        3  c.c.             .01                   Immediate  shock ;  death   in   14  hours. 

*9  350         3.5  c.c.  .01  Immediate   shock ;   deatli    in   3  hours. 

*10  250        3  c.c.  .012  Shock  and  death  in  6  minutes;  autopsy  same  as  #3. 

*11  240        3  c.c.  .0125  Immediate  shock  and  death  in  23  minutes;  autopsy 

same  as   #3. 
*12  400         5  c.c.  .0125  Immediate  shock;  death  in  2j/^  hours,  autopsy  same 

as  #3. 
*13  260        3  c.c.  .0115  Immediate   shock  and  death   in   7  minutes;   autopsy 

same  as   #3. 
!14  240        3  c.c.  .0125  No  effect. 

!15  225        3.5  c.c.         .015  Xo  effect. 

!16  240        4  c.c.  .017  Immediate   shock;   death   l^^   hours,  autopsy  typical. 

!17  190        3.5  c.c.         .018  Xo  effect. 

^Controls;    received  fresh  normal   dog  serum. 

IControls;   received  dog  serum  shaken   19  hours  without  chloroform. 

Table  XVI. 
Guinea-pig  serum  plus  one  volume  of  chloroform,   shaken  21  hours,   centrifuged  one  hour. 
PIG.  DOSE.  RESULTS. 

1  .5  c.c.  One  minute  prostration. 

2  1  c.c.  Deep  prostration. 
Aerated  30  minutes  by  agitation. 

3  4  c.c.  No  effect. 

4  5  c.c.  No  effect. 
*5  3  c.c.  No  effect. 
*6                   3.5  c.c.  No  effect. 

#7  5  c.c.  No  effect. 

*Controls;   received  homologous  serum   shaken  21   hours. 
#Controls ;   received  homologous  serum  after  standing  in  cold  21   hours. 

Table  XVII. 

Rat  serum  plus  one  volume  chloroform,  shaken   17  hours,  centrifuged  one  hour. 

PIG.  DOSE.  RESULTS. 

1  1  C.C.  Atypical   death  in  one  minute. 

Aerated  45  minutes  by  agitation. 

Shock;  lived. 

Typical  death  in  5  minutes. 

Shock ;  lived. 

Mild  shock  ;  lived. 

Typical  death  in  3  minutes. 

Severe  shock;  lived. 

Typical  death  in  2  minutes. 

Mild  shock;  lived. 

No  effect. 

Typical  death  in  2  minutes. 

'Controls;   received  fresh  pooled  rat  serum. 
#Controls;  received  normal  rat  serum  shaken   19  hours  without  chloroform,  becoming  slightly  coagu- 
lated. 


2 

2  c.c. 

3 

3  c.c. 

4 

2  c.c. 

5 

2  c.c. 

6 

2.5  c.c 

/ 

1  c.c. 

*8 

3  c.c. 

*9 

2  c.c. 

*10 

3  c.c. 

#11 

3  c.c. 
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Table  XVIII. 
Cat  serum  plus  one  volume  of  chloroform,  shaken  22  hours,  centrifuged  one  hour. 

.     PIG.  BOSE.  RESULTS. 

1  1  c.c.  Instantaneous  death. 
Aerated  30  minutes  by  agitation. 

2  2  c.c.  Slight  shock  followed  by  slow  collapse  and  death  in  one  hour. 
Further  aerated  for   15  minutes  by  agitation. 

3  2  C.I'.  Xo  eflfect. 

4  3  c.c.  Xo  effect. 

5  4  c.c.  Xo  eflfect. 
*6  3  c.c.  No  eflfect. 
*7                   5  c.c.                  ,  No  eflfect. 

#8  4  c.c.  No  eflfect. 

?9  4  c.c.  No  eflfect. 

*Controls  ;  received  fresh  normal  cat  serum. 
#Controls;  received  serum  shaken  22  hours  without  chloroform. 
PControls  ;  received  normal  serum  after  standing  in  cold  22  hoiirs. 

DISCUSSION. 

A  study  of  the  data  given  in  the  preceding  tables  shows  the  sera  to  fall 
sharply  into  two  groups  on  the  basis  of  their  toxicity  either  before  or  after  treat- 
ment with  the  chloroform.  The  first  group  is  composed  of  the  sera  of  the  rab- 
bit, cat,  aiid  the  homologous  serum,  guinea-pig.  All  these  wheii  fresh  are  nor- 
mally atoxic,  and  fail  after  treatment  to  show  the  production  of  anaphylatoxin. 
The  other  group  is  that  of  rat  and  dog  sera.  In  this  case  the  question  becomes 
one  of  the  increase  of  the  toxicity  by  the  chloroform  treatment,  since  both  are 
variably  normally  toxic  for  guinea-pigs.  In  table  XII,  animal  7  shows  a  typical 
death  and  autopsy  with  an  injection  of  2.5  c.c.  of  fresh  dog  serum.  Animal  6 
of  the  same  table  died  in  15  hours,  receiving  only  2  c.c.  of  the  same  serum, 
but  the  length  of  time  involved  should  rule  out  this  and  all  other  deaths  occur- 
ring more  than  30  minutes  after  the  injection.  In  table  XIII,  animal  4  showed 
a  typical  death  in  15  minutes,  receiving  but  one  cubic  centimeter  of  the  treated 
serum.     The  M.L.D.  of  the  untreated  serum  is  observed  to  be  3  c.c. 

With  rat  serum  the  M.L,.D.  was  likewise  3  c.c.  for  the  normal  serum ;  after 
treatment  it  dropped  to  2.5  c.c.  Injection  oi  other  (juantities  of  both  treated 
and  untreated  rat  and  dog  sera,  produced  shocks,  but  such  effects  are  rather 
characteristic  of  both  these  sera,  their  toxicity  seeming  to  depend  tipon  some 
labile  conditions  that  are  far  from  being  constant  in  their  action  upon  injec- 
tion. Between  these  extremes  there  is  observed  to  be  considerable  common 
ground  to  the  treated  and  the  untreated  rat  and  dog  sera,  in  which  the  toxic 
effects  are  nearly  parallel. 

In  table  VII  is  shown  how  small  a  (juanlily  of  chloroform  is  retjuired  to 
produce  death  or  marked  prostration  effects  when  intra \onously  given  to  guinea- 
pigs.  This  point  was  tested  again  and  again  and  the  data  gi\cn  is  c^nly  repre- 
sentative of  a  large  number  of  exi)criments  made  to  determine  rather  closely 
the  M.L.I),  of  a  solution  of  chlorofonn.  I'roin  sera,  chloroform  is  removed 
only  with  great  difficulty,  and  since  they  do  not  retain  chloroform  to  an  equal 
degree  one  is  never  sure  when  it  is  completely  removed  except  by  trial  upon 
animals.  In  our  work  30  to  45  minutes  aeration  was  found  to  be  required.  The 
dog  serum  always  came  from  the  centrifugation  foggy  in  appearance.  In  this 
case  the  emulsion  formed  was   so  fine  that  centrifugation  at  S.OOO  R.IMM.   for 
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one  hour  failed  to  completely  remove  it.  Upon  agitation  with  air  for  5  to  10 
minutes,  or  filtration  through  qualitative  paper  4  to  6  times,  the  serum  would 
become  crj^stal  clear,  which  might  easily  be  assumed  to  indicate  a  complete  re- 
moval of  the  chloroform.  Injection  tests  running  alongside  such  repeated  filtra- 
tions,  as  recorded  in  table  VIII,  show  clearly  that  filtration  will  not  remove  the 
chloroform  sufficiently,  but  that  it  will  give  marked  effects  upon  injection. 
Further  by  applying  a  verv^  delicate  test  for  chloroform  we  were  able  to  show 
that  even  after  the  supposedly  complete  removal  by  any  of  the  rather  strenuous 
methods  employed,  there  still  remained  easily  detected  quantities  of  chloroform. 
The  method  of  detection  was  to  make  use  of  the  carbylamine  reaction,-  repre- 
sented by  the  equation ; 

CH.XH,  -L  CHCi,  +  3KOH  =  3KC1  -f  3H20  +  C,H,NX. 

About  equal  quantities  of  the  serum  and  alcoholic  potash'  are  placed  in  a  tube 
with  one  drop  of  aniline.  Upon  heating  the  characteristic  odor  of  carbylamine 
is  evolved.  One  drop  of  the  treated  serum  before  chloroform  would  give  a 
most  pronounced  test,  and  the  test  never  failed  when  applied  to  the  sera  after 
removal  of  the  chloroform  by  any  of  the  drastic  means  employed.  How  great 
the  influence  of  this  minute  quantity  of  chloroform  might  be  is  only  a  matter 
for  conjecture,  however  it  would  seem  logical,  that  since  2  c.c.  of  a  .25  per  cent 
salt  solution  of  chloroform  will  kill,  that  much  smaller  quantities  accompany- 
ing the  serum  would  not  be  entirely  without  effect. 

The  wide  divergency  in  the  character  of  the  deaths  of  the  animals  dying 
from  the  treated  serum  as  compared  to  those  dying  from  the  untreated  serum 
was  most  striking.  Those  animals  receiving  the  first  injection  of  the  serum 
after  centrifugation,  before  any  chloroform  removal  had  been  attempted,  would 
in  nearly  every  case  be  dead  before  the  injection  could  be  completed,  ^^'hen 
the  chloroform  was  but  partially  removed,  a  sudden  and  very  t\^pical  anesthesia, 
designated  in  the  tables  as  prostration,  would  ensue.  The  normally  toxic  sera 
would  give  the  characteristic  jerks  of  anaphylaxis  when  untreated,  and  the 
same  thing  would  occur  after  treatment,  except  that  the  animal  would  always 
be  prostrated,  making  no  attempt  to  gain  its  feet  or  to  move  about.  In  some 
instances  such  animals  would  never  revive,  but  after  a  shock  of  varj'ing  in- 
tensity, would  lie  for  hours  immovable,  and  the  exact  time  of  their  death  would 
be  uncertain  as  the  typical  dyspnea  of  anaphylactized  animals  would  be  lacking. 

A  very  noticeable  feature  of  the  effect  of  the  chloroform  on  the  sera  was 
the  voluminous  precipitate  of  the  serum  proteins  produced.  In  this  connection, 
the  quantity  of  chloroform  used  seemed  to  exert  no  influence,  those  sera  treated 
with  but  one-tenth  their  volume  of  chloroform  yielding  just  as  hea\y  precipi- 
tates as  when  treated  with  the  larger  quantities.  Also,  it  made  no  difference 
whether  the  serum  was  on  the  machine  being  shaken  constantly,  or  standing 
with  only  an  occasional  shaking.  Time  was  of  but  slight  consequence,  the  vol- 
ume of  the  precipitate  seeming  not  to  increase  after  the  first  few  minutes  of 
its  contact  with  the  chloroform.  The  precipitates  were  white  or  nearly  so, 
sometimes  slightly  tinged  by  hemolysis,  and  were  granular  to  creamy  in  con- 
sistency. These  precipitates  consisted  of  the  serum  proteins.  A  filtered  salt 
solution  responded  to  the  protein  color  tests,  excepting  the  glyoxylic.     A  partial 
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precipitation  covilcl  be  induced  by  saturation  with  magnesium  sulphate  or  half 
saturation  with  ammonium  sulphate.  \\'hen  suspended  in  water  and  dialyzed 
for  some  time,  the  dialysate  gave  the  xanthoproteic  reaction,  showing  a  water 
soluble  portion.  Dilute  acids  gave  only  a  cloudiness,  but  strong  acids  produced 
marked  coagulation,  with  solution  upon  excess  and  heating.  The  alkaloidal 
precipitants  gave  the  usual  precipitates  from  the  dilute  salt  solution.  It  was 
concluded  that  the  precipitates  were  the  serum  albumins  and  globulins. 

It  will  be  observed  that  in  some  cases  the  rabbit  and  rat  sera  when  shaken 
without  the  addition  of  chloroform  became  appreciably  toxic.  In  the  case  of 
the  rat  serum  a  visible  agglutination  of  the  serum  had  taken  place,  the  rabbit 
serum  sometimes  showing  a  slight  lack  of  clarity,  but  no  definite  coagulum. 
Undoubtedly  the  shaking  produced  some  change  in  the  dispersion  of  the  serum 
contents  that  resulted  in  toxicity. 

Keeping  in  mind  the  possibilities  of  error,  the  rabbit  and  the  dog  serum 
were  tested,  both  before  and  after  treatment  with  chloroform,  for  their  iodine 
absorption.  These  two  sera  were  considered  in  a  measure  as  being  representa- 
tive of  the  two  groupings  mentioned  earlier.  A  measured  quantity  of  the  serum 
was  placed  in  a  tube  together  with  some  chloroform  to  act  as  a  solvent,  and 
then  a  known  iodine  solution  added.  Controls  were  made  of  tubes  without 
serum.  The  tubes  would  then  be  shaken  for  15  minutes  and  the  excess  iodine 
titrated  back  with  sodium  thiosulphate.  The  iodine  absorbed  was  calculated  to 
grams  per  cubic  centimeter  of  serum.     Table  XIX  gives  the  results. 

Table  XIX. 
Iodine  absorption  hy  treated   and   untreated   serum. 

SOURCE.  WHOr.E    SERUM.  TREATED    SERUM. 

Dog  .0056  gm.  .0048  gm. 

Rabbit  .0068    "  .0061     " 

It  will  be  recalled  that  this  work  was  based  upon  the  assumption  of  ana- 
phylatoxin  production  by  the  removal  of  lipoidal  antitryptic  substances  by 
chloroform.  The  iodine  absorption  would  indicate  a  decrease  in  the  unsaturated 
bodies  of  the  serum,  but  not  their  complete  removal.  In  view  of  the  vigorous 
treatment  employed  for  their  removal,  assuming  them  to  be  soluble  in  chloro- 
form, this  conclusion  is  untenable.  As  an  explanation  for  the  disappearance 
of  the  iodine,  it  seems  it  could  be  accounted  for  on  the  grounds  of  adsorption 
by  the  serum  colloids.  The  lack  of  distinctness  in  the  end-point,  so  character- 
istic of  iodine  titrations,  in  this  work,  would  indicate  iodine  in  some  rather  loose 
combination  with  the  serum  bodies. 

In  conclusion  I  wish  to  express  my  thanks  to  Dr.  V.  C.  Vaughan  and  to 
Prof.  P.  H.  DeKruif  for  kindly  criticisms  and  suggestions  and  to  I\Ir.  \\'illiam 
German  for  material  assistance  in  this  work. 

CONCLUSIONS. 

I.  The  intravenous  injection  of  high  dilutions  of  chloroform  may  cause 
sudden  death   in  guinea-pigs. 

II.  When  blood  serum  has  been  shaken  with  chloroform  the  complete  re- 
moval of  the  chloroform  is  difficult. 
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III.  The  toxicity  of  the  serum  falls  with  the  completeness  of  the  removal 
of  the  chloroform. 

IV.  Death  in  guinea-pigs  caused  hy  the  intravenous  injection  of  serum 
which  has  been  shaken  with  chloroform,  is  often  at  least,  not  typical  of  ana- 
phylactic shock. 

V.  Serum  when  shaken  n-ithout  chloroform  may  cause  typical  anaphylac- 
tic shock  with  death  and  typical  autopsy  findings. 
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MICROSCOPIC   STUDY   OF  THE  FRESH  BILE  IN   DISEASE  OF  THE 

LIVER* 


By  H.  L.  McNeil,  M.D.,  Galveston,  Tex.\s. 


WITH  the  exception  of  Bondi.^  who  reports  the  finding  of  "Gallenzylinder" 
in  the  fresh  bile  removed  by  means  of  the  duodenal  tube  (after  a  test 
meal)  from  a  case  of  cirrhosis  of  the  liver,  we  are  not  aware  of  any  successful 
observations  as  to  microscopical  abnormalities  in  the  bile  of  such  cases.  In 
one  case  of  cholecystitis,  also,  the  same  observer  noted  numerous  pus  cells  in 
the  fresh  bile.  Petry-  and  others'^  have  attempted,  unsuccessfully,  to  obtain  in- 
formation from  such  studies.  All  have,  however,  so  far  as  we  are  aware,  at- 
tempted such  studies  after  a  test  meal  of  some  kind  instead  of  obtaining  the 
pure  and  fresh  secretion  undiluted  by  test  meals  of  water,  tea,  beef  juice,  etc. 

The  series  which  we  have  studied  consists  of  thirty  cases  of  disease  of  the 
liver.  In  addition  to  these,  however,  about  120  other  cases  have  been  studied  in 
a  similar  manner,  these  latter  cases  being  either  normal  or  suffering  from  some 
disease  other  than  that  of  the  liver.  As  a  result  of  this  work  we  believe  that 
certain  definite  and  abnormal  microscopical  changes  can  be  detected  in  the  bile 
in  certain  diseases  of  the  liver  and  its  appendages. 

As  to  the  technic  which  we  employ,  suffice  it  to  say  that  the  duodenal  tube 
is  passed  upon  a  perfectly  empty  stomach,  no  fluids  whatever  being  allowed  for 
several  hours  preceding  the  test  (12  hours).  Another  most  important  point, 
which  must  be  observed,  is  the  necessity  for  an  immediate  examination  of  the 
duodenal  contents  as  soon  as  removed,  since  only  a  few  minutes  are  required 
for  either  the  complete  destruction  of  the  important  cellular  elements,  or  for 
such  serious  mutilation  by  the  pancreatic  ferments  as  to  make  them  unrecog- 
nizable. It  is  necessary,  moreover,  to  wait  until  the  duodenal  contents  have 
become  alkaline  or  neutral  in  reaction  before  making  the  microscopic  examina- 
tion, since  the  presence  of  an  excess  of  acid  will,  by  precipitating  the  bile  salts, 
completely   obscure   the   microscopic   picture   obtained   in   an    alkaline   medium. 

*Froni  the  University  of  Texas  Medical   School. 
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Phe  microscopic  examination  is  made  in  the  same  manner  that  fresh  urine  is 
:xamined  for  casts,  etc.  The  fresh  contents  are  placed  upon  a  slide  and  studied 
irst  with  a  low  power  lens,  then,  as  soon  as  a  suspicious  group  of  cells  is  noted, 
he  details  are  studied  with  the  high  power.  The  oil  immersion  is  not  employed, 
rhe  duodenal  contents  may  be  centrifuged.  As  a  rule,  however,  we  omit  the 
entrifuging,  since  it  takes  time,  contenting  ourselves  with  several  examinations 
if  the  uncentrifuged  specimen. 

The  appearance  of  the  normal  duodenal  contents,  prepared  in  this  way,  is 
asily  described,  since  practically  no  cellular  elements  are  noted,  except  an  oc- 
asional  epithelial  cell  or  a  few  leucocytes,  from  the  stomach,  or  a  squamous 
pithelial  cell  from  the  movith  or  esophagus.  Such  cells  are  quite  easily  recog- 
lized  by  anyone  with  experience  in  the  microscopic  appearance  of  the  gastric 
ontents. 

Abnormal  microscopic  findings  in  the  duodenal  contents  may  be  divided,  in 
air  experience,  into  six  classes :  First,  bile-stained,  granular  casts,  often  sug- 
;esting  casts  of  the  finer  bile  passages,  occasionally  containing  a  bile-stained  cell.* 
>ecoiid,  bile-stained  leucocytes,  usually  polymorphonuclear,  often  occurring  in 
•roups,  and  often  associated  wath  the  third  abnormality.  Third,  a  round,  oval, 
leeply  bile-stained,  refractile  cell  about  twice  the  size  of  a  polymorphonuclear 
sucocyte,  and  containing  a  round,  small  and  often  eccentric  nucleus.  This  cell 
s  extremely  fragile,  disappearing  from  the  field  in  a  very  few  minutes,  being 
eplaced  by  deeply  bile-stained,  amorphous  and  highly  refractile  masses.  Oc- 
asionally  such  cells  are  found  in  the  form  of  small  casts.  Fourth,  columnar, 
lile-stained  epithelial  cells,  apparently  from  the  linings  of  the  gall  bladder  or 
;all  ducts,  often  occurring  in  small  masses.  Fifth,  the  occurrence  of  large  num- 
lers  of  bacteria,  yeasts  or  protozoa.  Normally  bacteria  do  not  form  a  promi- 
lent  picture  in  the  fresh  duodenal  contents,  although  an  occasional  bacillus  or 
.  few  cocci  may  be  seen.  Yeasts  and  protozoa  are  never  found  luider  normal 
onditions.  In  certain  conditions,  however,  described  later,  the  field  may  be 
eeming  with  animal  life.  Sixth,  normally  the  ]nire  duodenal  contents  are  fluid, 
ontaining  very  little  mucus,  except  that  which  comes  from  the  stomach.  Any 
larked  increase  of  mucus,  especially  if  associated  with  the  cellular  elements  al- 
cady  noted,  is  of  significance. 

Of  eight  cases  of  advanced  atrophic  cirrhosis  of  the  liver  studied  in  the 
nanner  described,  we  found  the  first  abnormality,  amorphous  bile-stained  casts, 
11  three.  The  second  abnormality,  bile-stained  pus  cells  were  found  in  three 
ases,  and  the  round,  refractile  cells,  deeply  bile-stained  were  found  in  five  cases. 
Phrce  of  these  cases  subsequently  came  to  autopsy  and  one  to  operation,  when 
he  diagnosis  was  confirmed.  Two  cases  of  atrophic  cirrhosis  gave  quite  nega- 
ive  results  on  microscopic  examination  of  the  liile. 

The  next  most  fruitful  source  of  study  for  us  by  this  method  has  been  four 
ases  of  cholecystiti^..  three  of  wliich  were  acute.  In  two  of  the  acute  cases  bile- 
tained  pus  cells  were  found,  in  one  case  numerous,  in  the  other  case  being  very 
evv.  The  round,  refractile  cell,  described  as  the  third  abnormality,  was  found 
n  all  three  of  these  cases.     In  one  ot  these  cases  innumerable  staphylococci  were 

•"Gallenzylinder"  of  Bondi   doc.  cit.). 


596  The  Jouniul  of  Laboratory  and  Clinical  Medicine 

also  noted;  in  another  large  numbers  of  motile  bacilli  formed  a  prominent  part 
of  the  picture.    In  one  of  these  cases,  moreover,  large  numbers  of  non-bile-stained 
polymorphonuclear  cells   were   noted.*     The   one   case   of   chronic   cholecystitis,    j 
with  occlusion  of  the  cystic  duct,  was  quite  negative. 

The  bile  from  five  cases  of  syphilitic  cirrhosis  of  the  liver  has  not  shown 
as  many  cellular  changes  as  we  might  expect.  In  one  case  the  large,  refractile 
cells,  above  described,  were  fairly  numerous,  associated  also  with  a  few  pus 
cells,  which  were  deeply  bile-stained.  The  four  other  cases  were,  however, 
quite  negative,  except  that  one  case,  after  repeated  examinations,  finally  showed 
a  very  few  bile-stained  polymorpho-leucocytes.  None  could  be  found  by  similar 
methods  in  the  other  three,  however.  The  diagnosis  in  all  of  these  cases  was 
made  from  the  clinical  signs,  the  positive  \\'assermann  reaction  and  the  thera- 
peutic test. 

Four  cases  giving  alcoholic  histories,  showing  large  and  tender  livers,  and 
having  negative  A\^assermann  reactions,  were  studied.  Only  one  of  these  cases 
showed  any  important  cellular  changes.  In  this  case  abnormalities  one,  two, 
three  and  four  were  noted. 

Three  cases  of  tropical  liver  abscess,  studied  by  this  method  were  quite 
negative. 

One  case  of  carcinoma  of  the  liver  was  negative. 

Four  cases  of  chronic  passive  congestion  of  the  liver  were  negative,  except 
for  the  presence  of  a  few  columnar  epithelial  cells  in  one  case. 

One  case  of  acute  yellow  atrophy  of  the  liver,  which  ended  fatally,  was 
interesting  from  the  fact  that  bile-stained  pus  cells  were  numerous,  and  were 
associated  wdth  innumerable  bacteria  (chiefly  the  colon  bacillus,  but  contaming 
a  few  cocci). 

Two  cases,  finally,  which  we  were  unable  to  classify,  were  of  interest.  The 
first  was  a  man  of  fifty,  complaining  of  pain  in  the  right  upper  abdomen.  Phys- 
ical examination  negative  except  a  liver  generally  enlarged  and  slightly  tender. 
Wassermann  negative,  previous  history  negative,  ^^'e  found  large  numbers  of 
trichomonas  intestinalis  in  this  case,  without  any  cellular  changes,  how^ever.  The 
gastric  contents  were  also  negative  microscopically,  and  contained  no  protozoa. 

The  other  case,  a  man  of  fifty-five,  giving  a  negative  alcoholic  history  and 
ha\ing  a  negative  Wassermann.  was  admitted  to  the  wards  complaining  of  ab- 
dominal pain  and  tenderness.  The  liver  w'as  large,  hard  and  tender.  Physical 
examination  otherwise  negative.  Microscopic  examination  of  the  duodenal  con- 
tents showed  innumerable  lamblia  intestinalis.  These  protozoa  were  so  numer- 
ous, in  fact,  that  everything  else  in  the  field  was  obscured  by  them.  A  large 
number  of  pus  cells  were  found  in  this  case. 

In  our  series  of  cases  not  suggesting  disease  of  the  liver,  being  either  nor- 
mal or  complaining  of  some  form  of  gastric  disturbance,  or  suffering  from  other 
diseases,  such  as  typhoid  fever,  arthritis,  malaria,  uncinariasis,  cardiac  disease, 
nephritis,  toxic  vomiting  of  pregnancy,  etc.,  consisting  of  some  120  cases,  we 
have  noted  an  occasional  abnormality,  as  follows :  In  three  cases  of  chronic 
gastritis,  all  three  of  whom  gave  alcoholic  histories,  the  large,  yellow,  refractile 

*Duodenitis. 
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cells,  above  described,  were  found  in  greater  or  less  number.  In  one  of  these 
cases,  moreover,  a  case  coming  to  autopsy,  fortunately,  a  few  bile-stained  pus 
cells  were  noted.  At  autopsy  no  serious  lesion  of  the  liver  was  found,  a  rather 
extensive  cloudy  swelling  being  practically  the  only  lesion.  One  case  of  hyper- 
secretion and  hyperacidity,  complaining  of  the  usual  pyrosis  and  gastric  distress 
showed  a  few  of  the  same  round  cells  in  the  duodenal  contents.  In  two  cases  of 
subacute  gastritis,  both  non-alcoholic,  a  few  of  the  round,  refractile  cells  were 
found.  A\'ith  these  few  exceptions,  out  of  some  120  selected  cases,  complaining 
of  all  forms  of  gastric  disturbances,  no  abnormalities,  such  as  we  have  described, 
have  been  found. 

Finally,  we  believe  that  the  following  conclusions  as  to  the  value  of  the 
microscopic  examination  of  the  fresh  duodenal  contents  may  be  drawn : 

First:  In  certain  diseases  of  the  liver,  particularly  in  atrophic  cirrhosis, 
definite  abnormal  cellular  elements  are  found  in  the  fresh  bile  in  a  certain  per- 
centage of  cases.  It  is  probable  that  these  cells  may  be  of  diagnostic  importance 
in  this  disease. 

Second :  Such  cellular  changes  may  be  of  diagnostic  importance  in  certain 
cases  of  acute  cholecystitis. 

Third:  Abnormalities  in  the  fresh  bile  are  rarely  found  in  other  forms  of 
hepatic  disease,  such  as  syphilis  of  the  liver,  chronic  passive  congestion  of  the 
liver,  abscess  and  carcinoma  of  the  liver. 

Fourth :  We  believe  that  such  examinations  as  we  have  described  offer  the 
only  satisfactory  means  of  studying  inflammations  of  the  duodenum  (duodenitis) 
satisfactorily. 

Fifth :  In  order  to  obtain  satisfactory  microscopic  pictures,  it  is  absolutely 
necessary  that  the  bile  be  examined  immediately  after  removal,  that  it  be  alkaline 
or  neutral  in  reaction,  and  unmixed  with  food  or  liquids. 
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DIAGNOSIS. 


GROSS   APPEARANCE. 


MICROSCOPIC  APPEARANCE. 
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LABORATORY  METHODS 


Newer   Laboratory  Methods  for  the    Early  Diagnosis   of    Puhnonary 

Tuberculosis 


By  Morris  H.  Kahn,  M.D.,  Ne;w  York  City. 


IN  the  past  decade  quite  a  number  of  laboratory  methods  have  been  suggested 
for  the  early  diagnosis  of  pulmonary  tuberculosis.  The  various  tests  con- 
cern themselves  with  the  sputum,  the 'urine,  the  feces  and  the  blood.  Whereas 
bacteriological  examination  of  the  sputum  is  of  absolute  diagnostic  importance, 
the  other  laboratory  procedures  have  given  rise  to  much  commentation  and 
dispute  and  are  as  yet  only  of  relative  value. 

ALBUMIN    IN    THE    SPUTUM. 

Stimulus  was  given  by  Roger/  in  1909,  to  the  question  of  albumin  in  the 
sputum  of  tuberculous  patients,  and  it  became  the  subject  of  considerable  study. 
The  occurrence  of  albumin  in  the  sputum  was  mentioned  by  a  few  authors  since 
1855  as  present  in  pneumonia  and  pulmonary  edema,-  but  it  has  been  shown 
that  in  these  conditions  extravasations  of  blood  constitute  the  chief  source  of 
the  albumin.^ 

The  test  is  made  as  follows :  Ten  cubic  centimeters  of  sputum  are  diluted 
with  an  equal  amount  of  water.  To  this  is  added  one  cubic  centimeter  of 
glacial  acetic  acid  to  precipitate  the  mucin,  and  the  mixture  is  filtered  through 
fine  filter  paper.    The  filtrate  shows  albumin  by  boiling  or  by  the  nitric  acid  test. 

The  albumin  has  been  supposed  to  indicate  that  the  sputum  is  not  a  mere 
superficial  secretion,  but  comes  from  some  deep-seated  infiammatory  process.'* 
Most  of  the  recent  investigators  have  asserted  the  belief  that  a  negative  test 
for  albumin  in  the  sputum  contraindicated  the  existence  of  tulicrculosis,"'  while 
a  positive  test  rendered  the  case  only  suspicious,  since  a  positive  test  may  also 
be  obtained  in  jmcumonia,  pulmonary  edema,  and  heart  disease  w  itii  pulmonary 
congestion.     It  was  later  fomid  tliat  albumin  was  absent  in  libroid  lubcrculosis.'' 

Some  observers  felt  that  an  increase  or  decrease  of  albumin  content  oi  a 
tuberculous  sputum  points  to  aggravation  or  improvement  of  the  pulmonary 
lesion,  thus  placing  a  prognostic  significance  to  the  findings.  Hut  Lockuood,  in 
a  very  recent  work,"^  examined  the  s[)utum  of  thirty  cases  of  asthma,  emphy- 
sema and  lironchitis  which  had  no  evidence  of  tuberculosis.  lie  used  a  one 
per  cent  solution  of  phosphotungstic  acid,  in  alcohol  for  precipitation  of  the 
albumin.  lie  found  albumin  in  the  sjnituiu  of  all  cases  examined,  tuberculous 
and  nontubcrculous.  While  the  average  iiuanlity  of  alliuniin  was  foimd  to  be 
higher  in  the  tuberculous  cases,  there  was  such  a  wide  \ariation  in  the  quan- 
tity in  both  the  tuberculous  and  nontulierculous  that  this  could  iKjt  be  used  as 
a  diagnostic   aid.      In   the   tuberculous   palienls,   the  amount    seemed   to   bear  no 
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relation  to  the  stage,  duration  or  activity  of  the  disease  process.  Yet  one  de- 
duction seems  feasible  from  the  results;  i.e.,  the  absence  of  albumin  in  the 
sputum  may  be  deemed  as  confirmatory  proof  of  the  absence  of  tuberculosis. 

FERMENTS   IX   THE   SPUTUM. 

The  occurrence  of  ferments  in  the  sputum  for  diagnosis  attracted  little 
study,  though  observations  were  made  on  the  subject  by  Stolnikofif'^  and  Es- 
cherich^"  about  forty  years  ago.  In  the  examination  of  tuberculous  sputa  by 
Eiselt^^  a  proteolytic  ferment,  chiefly  trj^psin  was  found ;  during  febrile  periods 
the  trypsin  disappeared  and  was  replaced  by  antitrypsin.  No  lipolytic  ferments 
were  found,  but  albumoses  and  peptones  were  present,  probably  from  the  oc- 
cult bleeding  which  mav  have  occurred.  The  ferment  action,  according  to  the 
author,  was  in  inverse  proportion  to  the  content  of  coagulable  albumin,  and 
in  direct  proportion  to  the  amount  of  albumoses  and  amino-acids  in  the  sputum. 

S.\LICYIJC    ACID    TEST. 

Falk  and  Tedesco  reported  a  test  in  1909^-  which  promised  to  differentiate 
disease  processes  limited  to  the  bronchial  mucous  membrane  from  those  which 
had  extended  to  the  lungs.  The  principle  of  the  test  was  based  on  the  asser- 
tion that  salicylic  acid  when  present  in  the  blood,  appears  in  inflammatory  ex- 
udates from  the  lungs,  but  is  not  excreted  from  the  bronchial  mucosa.  The  pa- 
tient is  given  thirty  grains  of  salicylic  acid  and  the  sputum  is  collected  for 
twelve  hours.  The  sputum  is  then  tested  for  salicylic  acid  by  a  solution  of 
ferric  chloride.     A  violet  color  indicates  a  positive  reaction. 

GLYCOGEX   TEST.      " 

Another  observation  that  has  been  made  on  the  sputum  in  pulmonary  tu- 
berculosis is  the  increased  proportion  of  glycogen,  reported  by  Moscati,^^  and 
confirmed  by  Pozzilli^*  and  others.  Moscati  concluded  from  his  studies  of  many 
cases,  that  glycogen  always  exists  in  increased  quantities  in  tuberculous  sputum, 
and  that  it  is  always  increased  with  destructive  lung  processes.  It  forms  2  or 
3  per  cent  in  the  advanced  stages  of  the  disease.  Pozzilli  tabulated  the  findings 
in  twenty-two  cases  of  various  affections  of  the  air  passages.  In  one  case  of 
advanced  pulmonary  tuberculosis,  glycogen  formed  3.75  per  cent  of  the  sputum, 
and  was  never  below  2.5  per  cent  in  other  advanced  cases.  In  earlier  stages 
of  the  disease,  it  ranged  from  0.15  to  0.6  per  cent.  It  was  not  demonstrable 
in  simple  bronchial  catarrh  or  in  acute  bronchitis.  In  pneumonia,  it  ranged 
from  0.05  to  0.06  per  cent.  The  highest  proportion  detected  in  any  nontuber- 
culous  affection,  0.25  per  cent,  was  in  a  case  of  putrid  bronchitis.  The  propor- 
tion of  glycogen  may  thus  prove  a  valuable  aid  for  differentiation  of  tubercu- 
losis and  for  prognosis.  The  loss  of  glycogen  must  be  one  factor  in  the  debility 
of  consumptives  and  may  also  throw  light  on  the  peculiar  susceptibility  of  dia- 
betics to  tuberculosis. 

The  glycogen  can  be  demonstrated  by  the  iodine  test  or  by  Pfliiger's  tech- 
nic.  For  the  former  the  sputum  is  rendered  slightly  alkaline  with  sodium  car- 
bonate, and  then  heated  for  an  hour  to  allow  the  glycogen  to  dissolve  out  into 
the  water.     The  fluid  is  then  filtered  and  boiled  down  in  the  water  bath.     An 
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iodo-iodide  solution  (0.25  parts  of  iodine ;  0.5  part  of  potassittm  iodide  and 
100  parts  of  water)  is  poured  on  the  filtrate  in  a  test  tube  held  very  slanting. 
A  mahogany  ring  forms  at  the  junction  of  the  two  fluids  in  the  presence  of 
even  very  small  proportions  of  glycogen. 

CYTOLOGICAL   STUDIES. 

Cytological  studies  of  the  sputum  have  been  found  to  be  quite  typical  in 
pulmonary  tuberculosis.  Attention  was  first  called  to  an  increase  of  a  cellular 
element  in  the  sputum  as  an  early  sign  of  tuberculosis  by  Wolff-Eisner  in  1907.^^ 
He  found  an  increase  in  small  lymphocytes  in  early  tuberculosis,  anywhere  from 
33  to  90  per  cent.  The  pathologic  significance  of  lymphocytes  in  the  sputum  is 
difficult  to  explain,  but  it  has  probably  to  do  with  the  relationship  of  the  toxins 
of  the  tubercle  bacillus  to  the  emigration  of  leucocytes.  A  high  lymphocytic 
content  of  the  sputum  is  in  itself  strong  presumptive  evidence  of  tuberculosis. 
While  conversely,  a  high  polynuclear  content  speaks  against  it,  except  in  cases 
of  mixed  infection,  where,  of  course,  tubercle  bacilli  are  as  a  rule  present  in 
large  numbers. ^^ 

Recent  studies  on  the  value  of  the  test  have  confirmed  the  belief  that  a 
sputum  lymphocytosis  showing  under  the  microscope  50  per  cent  or  more  of 
lymphocytes  speaks  strongly  for  the  presence  of  pulmonary  tuberculosis.  It 
would  seem  desirable  that  a  careful  cytological  examination  should  be  made 
of  every  sputum  that  is  negative  for  tubercle  bacilli.  If  a  positive  albumin 
finding  is  present  and  a  preponderance  of  lymphocytes,  we  may  be  justified  in 
assuming  that  the  source  of  this  expectoration  is  a  tuberculous  focus  in  the 
lungs. ^' 

UROCHROMOGEN   TEST. 

The  chemical  changes  occurring  in  the  urine  during  tuberculosis  have  been 
given  considerable  study,  frequently  with  contradictory  findings.  The  dispari- 
ties among  the  results  of  different  authors  are  probably  chiefly  due  to  the  fact 
that  it  is  difficult  to  select  for  such  studies  a  group  of  tuberculous  individuals 
wholly  free  from  various  conditions  that  influence  the  urinary  output  and  thus 
complicate  the  problem. 

A  number  of  investigators,  following  \\^eiss,  who  published  his  findings 
in  1910,^^  have  reported  marked  increase  in  urochromogen  in  the  urines  of 
tuberculous  individuals.  They  have  claimed  ihat  the  amount  of  urochromogen 
outi)Ut  increased  with  the  jirogrcss  of  the  disease  and  that  in  general  the 
amount  of  urochromogen  suggests  the  degree  of  tissue  deslruclion  in  the  body.'" 
In  a  number  of  cases  reported,  the  quantity  of  urochromogen  ran  parallel  with 
the  other  clinical  symptoms  of  the  disease,  and  always  became  negative  in  cases 
which  could  be  considered  clinically  cured.-"  The  occurrence  nf  excess  of 
urochromogen  has  therefore  been  advocated  as  of  diagnostic  as  well  as  prognostic 
value  in  tuberculosis.-^ 

The  test  is  simple.  Five  cubic  centimeters  of  urine  are  diluted  with  ten 
cubic  centimeters  of  water.  A  few  drops  of  a  dilute  (1-1000)  permanganate 
solution  are  added.  In  the  ])resenco  of  excess  of  urochrmnogen,  a  deep  yellow 
color  appears.     The  test  seems   from  its  very  nature,  not  specific  for  tubercu- 
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losis.  The  reading  is  sometimes  made  difficult  by  the  deep  yellow  color  of  cer- 
tain specimens  of  urine,  and  also  because  a  number  of  normal  urines  become 
more  yellowish  after  addition  of  permanganate.  It  sometimes  occurs  in  nor- 
mal  urine  and   is  quite   constant   in  typhoid. 

The  original  Ehrlich's  diazo  reaction  has  also  been  used  in  the  diagnosis 
of  chronic  tuberculosis.  It  depends  upon  the  formation  of  some  unidentified 
coloring  matter  produced  by  the  combination  of  some  undiscovered  substance 
in  the  urine  with  a  diazotized  aniline.--  Usually  a  diazotized  sulfanilic  acid 
solution  with  a  solution  of  sodium  nitrate  is  added  to  an  equal  volume  of  urine. 
A  red  color  forms  on  the  addition  of  ammonia. 

According  to  W^eiss,  the  normal  coloring  matter  of  the  urine  is  derived 
from  a  chromogen,  which  in  its  properties  is  similar  to  the  protcic  acids  which 
are  present  in  the  urine.  This  is  the  substance  he  holds  responsible  for  the 
Ehrlich's  diazo  reaction.  A\'hen  this  substance  is  oxidized,  either  by  dilute  so- 
lution of  potassium  permanganate  or  by  iodine  and  potassium  thiosulphate  it 
is  changed  to  the  true  urochrome  of  the  urine. 

In  1914  comparative  studies  were  made  of  urinary  findings  in  two  hun- 
dred cases. -^  Of  these,  one  hundred  were  clinically  tuberculous  and  one  hun- 
dred clinically  nontuberculous.  Of  the  former,  only  forty-six  or  less  than  50 
per  cent  gave  a  positive  Weiss  and  a  positive  diazo  reaction,  and  forty-two 
were  negative  for  both  tests.  Of  the  one  hundred  nontuberculous  cases  (ex- 
cluding typhoid)  thirteen  urines  were  positive  to  both  tests  and  seventy-eight 
urines  negative  to  both.     The  authors  reached  the  following  conclusions : 

The  Weiss  and  diazo  tests  in  tuberculosis  are  not  constant,  as  there  are 
various  other  pathological  conditions  in  which  these  tests  are  positive.  The 
urinary  findings  are  not  sufficiently  frequent  in  tuberculosis  to  be  of  special 
diagnostic  value,  even  when  other  possible  complications  giving  rise  to  posi- 
tive tests  can  be  excluded. 

These  conclusions  were  corroborated  in  a  more  recent  study  by  Bronfen- 
brenner  on  tuberculous  cases  which  the  author  had  under  observation  in  his 
clinic. 

TUBERCLE    BACILLI    IX    STOOL. 

A  few  years  ago  ]\Ieyer  Solis-Cohen  reported  six  cases  in  which  tubercle 
bacilli  were  found  in  the  feces  before  they  were  discovered  in  the  sputum.-*  In 
several  of  the  cases  at  the  time,  there  were  no  symptoms  or  signs  of  intestinal 
tuberculosis.  He  therefore  suggested  routine  examination  of  the  feces  for  tu- 
bercle bacilli  in  cases  of  pulmonary  or  general  tuberculosis,  believing  that  fre- 
quently tubercle  bacilli  will  be  found  in  cases  in  which  the  sputum  is  negative 
or  not  obtainable.     The  importance  of  this  test  is  obviously  doubtful. 

ARNETH    CLASSIFICATIOX    OF   LELXOCYTES. 

-  Studies  of  the  blood  have  evolved  certain  refinements  in  the  differential 
counting  of  the  leucocytes  which  may  serve  to  assist  in  the  diagnosis  of  early 
pulmonary  tuberculosis, 

Arneth  classified  the  neutrophile  polymorphonuclear  leucocytes  according 
to  their  nuclear  division.  He  considered  that  certain  polymorphonuclear  cells, 
those  with  one  or  two  nuclei  are  less  resistant  and  less  able  to  combat  infec- 
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tion  than  those  with  more  nuclear  lobes. -^     He  found  from  a  study  of  the  blood 
of  fifteen  healthy  men  that  the  normal  picture  was  as  follows, 


I 

II 

III 

IV 

V 

5% 

35% 

41  %> 

17% 

2% 

giving  an  index  of  40,  counting  the  sum  of  classes  I  and  II  as  the  index.  He 
also  found  that  the  number  of  lobes  was  independent  of  the  total  number  of 
leucocytes.  Minor  and  Ringer  found  a  slightly  different  normal  from  a  study 
of  the  blood  of  ten  healthy  men,-*^ 


I 

II 

III 

IV 

V 

2.5 

18.2 

55.6 

18.6 

5.1 

giving  an  index  of  20.7  as  the  normal.  Bushnell  and  Trueholtz  take  as  their 
normal  index  the  sum.  of  I  plus  II  plus  half  of  III  which  would  give  according 
to  Arneth  60  as  the  normal  and  according  to  Minor  48.5. 

In  tuberculosis  Arneth  found  that  there  was  an  increase  of  those  with 
single  or  two  lobes  and  a  decrease  of  HI,  IV  and  V.  Thus  in  severe  cases, 
counts  were  obtained  in  which  there  were  36  per  cent  of  I.  56  per  cent  of  II. 
8  per  cent  of  III  and  zero  of  IV  and  V.  The  occurrence  of  such  a  deviation 
to  the  left,  as  it  is  called,  was  confirmed  by  Klebs,-"  Bushnell  and  Trueholtz-® 
and  by  Minor  and  Ringer. 

The  cause  of  this  phenomena  is  unexplained,  but  the  degree  of  this  devia- 
tion from  the  normal  appears  to  be  roughly  proportionate  to  the  severity  of  the 
infection  and  may  be  taken  as  an  estimate  of  the  amount  of  toxemia.  Accord- 
ing to  some  authors  such  changes  in  the  neutrophiles  in  tuberculosis  offer  a 
distinct  aid  in  prognosis,  and  serve  as  a  guide  to  treatment.-^ 

\\>  have  made  a  study  of  the  "Arneth"  blood-picture  in  twenty-seven  cases 
attending  the  tuberculosis  clinics  of  the  New  York  Health  Department.  The 
patients  were  in  various  stages  of  the  disease.  All  showed  tubercle  bacilli  in 
the  sputum  at  the  time  of  the  blood  exammation. 

Arneth  used  Ehrlich  triacid  stain.  From  his  work,  one  gains  the  impres- 
sion that  he  preferred  a  stain  which  would  not  stain  the  nucleus  sharply  in  order 
tliat  the  threads  connecting  its  sulxlivisions  might  not  become  visible.  Bushnell 
used  Delafield's  hematoxylin  and  0.5  per  cent  alcoholic  solution  of  eosin,  stain- 
ing first  witli  eosin,  washing  and  then  staining  with  hematoxylin.  Wo  used 
Jenner  stain,  which  we  found  to  give  good  nuclear  differentiation. 

To  obtain  percentages  of  the  different  types  of  cell,  we  first  counted  ICO 
white  blood  cells,  giving  directly  the  percentage  of  the  various  leucocytes.  Then 
we  counted  the  neutrophiles  alone  until  we  had  classified  100  into  their  Arneth 
divisions,  thus  obtaining  the  percentages  of  the  different  classes  below.  In 
classifying  the  neutrophiles.  it  is  at  times  difficult  to  say  whether  the  nucleus 
has  two  or  more  lobes.  We  therefore  adhered  lo  the  rule  that  if  there  is  any 
band  of  nuclear  tissue,  except  a  thin  chromatin  filament  connecting  the  difi'er- 
ent  parts  of  a  nucleus,  the  nucleu>  cannot,  for  the  purposes  of  the  count,  be  said 
to  be  divided.     (vSee  Table  1.) 

The   results   in   our   cases   agree   closely    with   all   other   workers.-''"     In   the 


604 


Tlic  Journal  of  Laboratory  and  Clinical  Medicine 


more  favorable  cases,  the  number  of  neutrophilic  cells  of  class  T  and  II  dimin- 
ish, while  in  the  severer  cases,  these  cells  increase  in  number.  It  is  difficult 
to  explain  why  Solis-Cohen  and  Strickler'^  obtained  results  directly  opposed  to 
the  findings  of  all  other  workers,  bu'-  there  is  one  error  obvious  in  their  cal- 
culations. While  considering  their  normal  index  as  the  combined  percentage 
of  neutrophilic  cells  with  one  and  two  nuclei,  they  make  comparison  of  their 
index  with  that  of  Minor  and  Ringer  and  that  of  Webb  and  Williams  who  in- 
clude half  of  III  in  their  index  count.  In  our  tables,  the  latter  index  was  cal- 
culated. 

TABLE  I. 
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III. 


IV. 
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BACTERIOLOGIC    STUDIES   OF   THE)   BLOOD. 

Some  authors  claim  to  have  demonstrated  tubercle  bacilli  regularly  by  a 
direct  microscopic  examination  of  the  blood  of  tuberculous  patients,^-  and  fre- 
quently also  by  the  inoculation  of  such  blood  into  guinea-pigs  and  rabbits. ^^ 
Other  laboratory  workers  have  failed  absolutely  to  obtain  such  results. 

Now,  with  regard  to  the  microscopic  examinations,  there  are  so  many 
sources  of  error,  such  as  the  presence  of  acid-fast  organisms  resembling  tu- 
bercle bacilli  in  distilled  and  tap  water  and  certain  saprophytic  bacteria  as  well, 
the  close  resemblance  of  the  stroma  of  the  erythrocytes,  crystals  of  lecithin  and 
cholesterin  and  of  flakes  of  fibrin,  that  positive  reports  may  be  attributed  to 
these  factors.     The  method  has  proven  of  no  value. 

With  regard  to  the  inoculation  of  guinea-pigs  with  the  blood  from  tuber- 
culous patients,  it  has  been  shown  that  ten  tubercle  bacilli  suffice  to  inoculate  a 
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guinea-pig  successfully'*  and  some  think  that  this  can  be  accomplished  by  a 
single  tubercle  bacillus  introduced  intraperitoneally."^  The  most  recent  experi- 
ments have  shown  the  test  on  tuberculous  patients  to  be  negative.  Blood  from 
forty-seven  advanced  cases  of  tuberculosis  was  injected  intraperitoneally  into 
guinea-pigs.  Only  one  of  the  guinea-pigs  who  received  blood  from  a  patient 
who  had  previously  had  a  tuberculin  injection,  developed  tuberculosis.  (Kes- 
sel,  1915."*^)  All  of  the  other  injections  were  negative.  .  This  method  of  diag- 
nosis must  therefore  also  be  discarded. 

Attempts  have  been  made  to  apply  the  agglutinin  reaction  to  the  diagnosis 
of  tuberculosis.  Arloing  and  Courmont"''  used  a  homogeneous  culture  of  tu- 
bercle bacilli  transplanted  from  potato  to  broth.  The  authors  claimed  sig- 
nificant results  for  the  reaction.  Kinghorn  and  Twichell'^  repeated  the  studies 
by  the  same  method.  Clear  fresh  human  serum  was  used,  and  was  obtained 
either  from  the  lobe  of  the  ear  or  from  a  vein  in  the  arm.  With  each  serum, 
mixtures  of  different  strengths  were  prepared,  one  part  of  serum  to  five,  ten, 
fifteen,  etc.,  parts  of  emulsion  of  broth  culture  of  tubercle  bacilli.  When  ag- 
glutination took  place  in  a  dilution  of  one  to  five  wnthin  five  hours  the  reaction 
was  considered  positive.  The  authors  obtained  84  per  cent  .positive  reactions 
with  the  sera  tested  from  healthy  persons,  and  87  per  cent  positive  from  tuber- 
culous sera.  There  is  therefore  little,  if  any,  difference  between  the  agglutinat- 
ing power  of  healthy  and  of  tuberculous  sera. 

The  precipitin  and  meiostagmin  reactions,  and  lately  the  biochemical  test 
of  Abderhalden  have  also  been  studied  for  the  diagnosis  of  tuberculosis,  but 
the  results  were  of  scientific  interest  only. 

compi,e;me;nt  fixation  in  tube:rculosis. 

Following  the  demonstration  of  the  value  of  the  Wassermann  reaction  for 
the  diagnosis  of  syphilis  in  1906^°  many  attempts  have  been  made  to  adapt 
serologic  methods  to  the  diagnosis  of  tuberculosis. 

The  method  of  testing,  is  based  on  the  phenomenon  of  Bordet  and  Gen- 
gou,*°  or  fixation  of  complement,  of  which  the  Wassermann  test  is  an  atypical 
example.  An  antigen,  such  as  the  toxin  of  tubercle  bacilli,  when  put  in  the 
presence  of  its  specific  antibody,  which  is  supposed  to  circulate  in  the  blood  of 
tuberculous  patients,  will  unite  together,  through  the  intervention  of  a  tiiird 
thermolabile  substance  which  exists  in  all  serums  and  is  called  complement. 
If  one  now  puts  into  this  triangular  mixture  of  antigen-complement-antibody, 
a  second  antigen,  say  red  blood  cells  and  an  antibody  to  these  l)lood  cells  which 
will  lake  them,  the  red  blood  cells  will  not  be  lakcd  if  the  complement  which 
is  also  necessary  here,  has  been  used  up  in  the  lirsl  reaction. 

Tlie  main  reason  why  complement  fixation  in  tuberculosis  has  failed  seems 
to  have  been  the  lack  of  a  suitable  antigen.  This  gap  seems  at  last  to  have  been 
filled  through  the  discovery  of  Besredka  of  a  new  method  of  cultivating  tubercle 
bacilli.'^  With  Besredka's  nulhod  using  a  mixture  of  bouillon,  egg-yolk,  and 
egg-white,  a  luxuriant  growth  occurs  within  several  days.  The  germs  cultured 
in  this  way  show  biologic  properties  distinctly  difterent  from  those  observed 
heretofore,  one  of  the  most  striking  being  the  ra[)idity  of  their  growth,  which 
almost  equals  that  of  streptococcus.'-     To  prepare   the   antigen,   this   culture   is 
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heated  and  deprived  of  its  cellular  elements  by  filtration.  The  filtrate  is  titrated 
for  anticomplementary  or  hemolytic  properties,  and  then  used  as  antigen.  Craig*' 
prepared  his  antigen  similarly,  using  several  strains  of  tubercle  bacilli  of  the 
human  variety  grown  in  alkaline  Ijroth  to  which  was  added  one  dram  each  of 
egg-white  and  egg-yolk  to  250  c.c. 

The  author  has  had  the  privilege  of  examining  in  collaboration  with  Bron- 
fenbrenner,  the  comparative  value  of  the  Weiss  test  for  neutral  sulphur,  the 
Ehrlich's  aldehyde  test  and  the  Besredka  serum  test.  Fifty-nine  cases  attend- 
ing the  tuberculosis  clinics  of  this  city  were  studied.  The  results,  which  will 
be  published  in  detail  elsewhere  in  a  more  comprehensive  paper,'**  may  be  sum- 
marized as  follows :  The  serum  test  was  positive  in  about  92  per  cent  of  the 
cases;  w^hile  the  Weiss  test  was  positive  in  about  13  per  cent  of  the  cases,  and 
the  diazo  test  in  about  8  per  cent. 

In  first  stage  cases,  the  serum  test  was  positive  in  84  per  cent,  while  the 
Weiss  test  was  positive  in  4  per  cent;  in  second  stage  cases  the  serum  test  was 
positive  in  94  per  cent  and  the  W'eiss  test  was  positive  in  9  per  cent,  whereas 
in  third  stage  cases,  the  serum  test  was  positive  in  only  15  per  cent  whereas  the 
positive  urochromogen  test  rose  to  31  per  cent. 

It  is  therefore  to  be  concluded  that  the  urinary  findings  do  not  go  parallel 
with  the  serum  findings.  On  the  contrary,  the  latter  were  very  high  in  the 
primary  and  secondary  stages  of  pulmonar)-  tuberculosis  and  fell  xtvy  markedly 
in  the  tertiary  stage  of  the  disease,  while  the  urinary  findings  seemed  to  show 
a  very  marked  increase  as  the  disease  progressed. 

Tuberculin  of  Besredka  seemed  to  give  the  best  results  in  diagnosis  by 
complement  deviation  test.  Even  though  the  test  was  positive  in  a  certain  num- 
ber of  clinically  nontuberculous  cases,  the  reaction  seemed  to  be  specific.  At 
least  in  87  per  cent  of  such  cases,  fixation  was  a1^o  obtained  by  one  or  more 
tuberculins  other  than  that  of  Besredka,  and  such  findings  can  well  be  attributed 
to  the  fact  that  in  its  earlier  stages,  the  tuberculous  process  does  not  give  symp- 
toms sufficient  for  clinical  diagnosis.  The  increase  in  the  incidence  of  the 
\\  eiss  reaction,  together  with  the  corresponding  inverse  frequencv  of  occur- 
rence of  the  serum  test  is  quite  constant  in  advanced  stages  of  the  disease,  and 
may  be  of  prognostic  value,  the  former  indicating  tissue  destruction,  and  the 
latter  showing  the  lack  of  reacting  power  on  the  part  of  the  body. 

Lastly  by  a  very  simple  method  of  preparing  tuberculosis  antigen  by  triturat- 
ing tubercle  bacilli  in  a  mortar  in  salt  solution,  H.  R.  Miller*^  claims  to  have 
obtained  100  per  cent  positive  results  by  complement  fixation  in  positive  cases 
of  tuberculosis,  and  100  per  cent  negative  results  in  nontuberculous  or  clinically 
cured  cases.  The  results  are  extremely  interesting  and  require  further  con- 
firmation. 

I  wish  to  thank  Dr.  N.  Breiter,  attending  physician  to  the  Beth  David 
Hospital,  New  York,  and  Dr.  Max  Kahn,  Biochemist  to  the  Western  Penn- 
sylvania Hospital  Research  Laboratory,  for  their  kind  interest  in  this  work. 
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The  Dissociation  Curve  as  an  Index  to  the  Hydrogen-ion  Concentration 

of  Blood* 


By  R.  W,  Scott,  M.D.,  Clevei^and,  Ohio. 


IX  the  study  of  clinical  cases  of  dyspnea,  often  referred  to  as  renal  or  cardiac 
asthma,  more  and  more  attention  is  being  paid  to  the  reaction  of  the  blood. 
Now,  the  reaction,  or  better  the  hydrogen-ion  concentration  of  the  blood,  may 
seem  rather  remote  from  the  activity  of  the  respiratory  center,  but  considera- 
tion of  the  following  physiological  facts  will  show  that  indeed  a  very  intimate 
relationship  exists. 

The  cells  of  the  organism  have  been  so  sensitized  to  their  environment  that, 
in  order  to  carry  on  their  normal  metabolic  activity,  they  require  a  circulating 
nutrient  medium  \\  hose  hydrogen-ion  concentration  remains  practically  constant. 
Hence  the  reaction  of  the  blood  and  body  fluids  stands  as  one  of  the  most  con- 
stant facts  in  the  whole  organism.  Since  cellular  activity  demands  this  con- 
stancy of  reaction,  there  must  be  some  mechanism  whose  function  it  is  to  re- 
spond to  slight  alterations,  and  thereby  rapidly  restore  the  blood  to  its  normal 
reaction.     Such  a  mechanism  is  the  respirator}'  center. 

During  metabolic  activity  there  are  added  to  the  blood  stream  certain  acid 
products — the  so-called  "fixed  acids,"  which  are  eliminated  slowly  by  the  kid- 
ney, and  a  volatile  acid  COo,  eliminated  rapidly  through  the  lungs.  Obviously 
it  is  this  latter  mechanism  that  has  to  do  with  the  rapid  restoration  of  the  blood 
to  its  normal  reaction.  \\'hen  the  blood  becomes  more  acid,  either  from  an  in- 
creased production  or  a  failure  of  elimination  of  these  acid  products,  the  respira- 
tor)' center  responds  and  attempts  to  reduce  the  acidity  by  increasing  pulmonary 
ventilation.  This  increases  the  elimination  of  CO,  and  suffices  to  reduce  the 
blood  to  its  normal  condition,  e.g.,  in  physiological  exercise,  where  the  acidity 
is  largely  due  to  an  increased  production  of  carbon  dioxide.  In  certain  patho- 
logical cases,  however,  where  the  acidity  is  due  to  the  presence  of  nonvolatile 
acids,  this  mechanism  does  not  suffice  and  the  patient  remains  dyspneic. 

It  is  seen  therefore  that  in  the  behavior  of  the  respiratory  center  there  ex- 
ists the  most  delicate  indicator  in  the  body  for  the  detection  of  slight  altera- 
tions in  the  reaction  of  the  blood.  In  fact  physiological  experimentation  shows 
that  pulmonary  ventilation  is  increased  over  100  per  cent  by  an  increase  in  the 
hydrogen-ion  concentration  of  the  blood  which  is  smaller  than  can  be  detected 
by  any  known  laborator)^  method. 

Next  to  the  respiratory  center  in  order  of  sensitivity  to  changes  of  hydro- 
gen-ion concentration  stands  the  chief  respiratory  agency  of  the  blood,  namely, 
hemoglobin.  As  pointed  out  by  Barcroft  and  others,  the  affinity  of  hemoglobin 
for  oxygen  bears  a  constant  and  definite  relation  to  the  hydrogen-ion  concen- 
tration of  the  serum.  This  affinity  can  be  ascertained  by  exposing  blood  at  body 
temperature  to  an  atmosphere  containing  an  accurately  known  pressure  of  oxy- 
gen. The  blood  is  then  examined  in  Barcroft's  dififerential  manometer,  in  or- 
der to  find  what  percentage  of  the  Oo  which  it  ought  to  absorb  at  a  given  O2 

*From    the    Physiological    Laboratory,    Western    Reserve    University    Medical    School. 
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pressure  has  actually  been  absorbed  (the  so-called  percentage  oxygen  satura- 
tion). The  lower  the  percentage  saturation,  other  conditions  being  unchanged, 
the  higher  the  hydrogen-ion  concentration  of  the  blood. 

To  determine  the  oxygen  saturation,  the  following  method,  devised  by  Bar- 
croft^  and  slightly  modified  by  Kato,-  is  the  most  useful  for  the  study  of  clinical 
cases. 

Description  of  Method. — One  to  two-tenths  c.c.  of  defibrinated  blood  are 
drawn  into  the  stem  of  a  small  serological  pipette  and  allowed  to  flow  into  the 
bulbous  portion.  The  neck  is  connected  to  the  delivery  tube  of  a  Berzelius  gas 
holder  by  means  of  a  small  piece  of  thick-walled  rubber  tubing.  It  has  been 
found  convenient  to  interpose  a  small  wash  bottle  to  gauge  the  rate  of  flow  of 
the  gas.  The  stem  of  the  pipette  is  introduced  into  a  three-inch  piece  of  glass 
tubing,  which  is  clamped  to  a  wood  block  in  a  water  bath — care  being  taken  to 
have  the  bulb  containing  the  blood  well  covered  with  water.  The  bath  is  kept 
at  38°  C.  by  a  thermo-regulator. 

The  pipette  is  kept  in  constant  rotation  either  by  hand  or  better  by  means 
of  a  small  electric  motor  equipped  with  an  eccentric.  A  cord  is  passed  under 
the  pipette  just  below  the  bulb.  (A  small  bit  of  rubber  tubing  placed  at  this 
point  will  offer  sufficient  resistance  to  insure  good  rotation.)  One  end  of  the 
cord  is  attached  to  the  eccentric,  the  other  to  an  ordinary  rubber  band  tied  to 
an  iron  stand. 

To  prevent  the  entry  of  water  into  the  tip  when  the  pipette  is  immersed  in 
the  bath,  we  have  used  a  suitable  bit  of  rubber  tubing  over  the  end  of  the  stem. 
The  free  end  is  plugged  with  a  glass  bead.  Just  before  the  introduction  of  the 
gas  the  tubing  is  elevated  above  the  surface  of  the  water  and  the  plug  removed. 
Again  when  the  pipette  is  removed  from  the  bath  the  bead  is  inserted  to  pre- 
vent the  ingress  of  air  due  to  contraction  from  cooling. 

Rotation  is  continued  for  ten  minutes,  during  which  time  a  slow  but  con- 
tinuous stream  of  gas  is  allowed  to  flow  over  the  blood.  The  pipette  is  now 
removed  from  the  bath.  A  little  gas  from  the  holder  is  now  introduced  in  or- 
der to  establish  a  slight  positive  pressure  within  the  bulb,  so  that  when  the  tub- 
ing over  the  end  is  removed  there  is  no  ingress  of  air.  The  pipette  is  held  up- 
right and  the  blood  forced  down  into  the  stem  by  compressing  the  rubber  tub- 
ing connected  to  the  neck,  this  tube  having  previously  been  clamped  and  dis- 
connected from  the  gas  holder.  The  blood  is  delivered  under  dilute  ammonia 
water  contained  in  the  gas  bottle  of  the  Barcroft  differential  manometer  and  its 
percentage  saturation  determined  as  described  by  Barcroft. 

Normal  blood  gives  a  percentage  saturation  of  69  to  74  per  cent  at  17  mm. 
O2  pressure  in  the  absence  of  CO,,  that  is  to  say,  when  human  blood  is  exposed 
to  an  atmosphere  containing  17  mm.  Oo  at  body  temperature,  75  per  cent  of 
the  hemoglobin  is  oxyhemoglobin  and  25  per  cent  reduced  hemoglobin.  If  this 
figure  is  lowered  (e.g.,  to  50  per  cent,  so  that  50  per  cent  of  the  sample  is  oxy- 
hemoglobin and  50  per  cent  reduced  hemoglobin),  it  indicates  a  certain  increase 
in  the  hydrogen-ion  concentration  of  the  blood. 


''Barcroft:      Respiratory    Function   of    ihe    Dlood. 
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A  Simplified  Hematocrit  and  A  Method   For  Determining^  Variations 

in  Blood  Volume* 


By  Albert  A.  Epstein'.  ^I.D..  New  York  City.  X.  Y. 


THE  apparatus  (see  diagram,  Fig.  a)  consists  of  small  glass  tubes  made  from 
selected  glass  tubing  of  uniform  bore  (0.5  to  1  mm.  in  diameter  and  6  to  8 
cm.  long)  drawn  out  at  one  end  into  a  fine  capillar}-.  The  blood  is  obtained  from 
the  finger  tip  (lobe  of  the  ear  or  vein)  in  the  usual  manner.  Clotting  of  the 
blood  is  prevented  by  means  of  finely  powdered  hirudin. 

Just  before  drawing  the  blood,  the  wide  end  of  the  tube  is  dipped  into  the 
powdered  hirudin  and  withdrawn.  A  few  granules  of  the  substance  (usually 
sufficient  to  prevent  clotting  of  the  blood)  adhere  to  it.  After  the  finger  is 
pricked  and  the  blood  oozes  out  easily  and  without  pressure,  the  end  of  the  tube 
containing  the  hirudin  is  brought  in  contact  with  the  blood  which  flows  readily 


Formulae  for  computing  percentage  volume  of  plasma  and  blood  cells. 

(1)  Per  cent  of  plasma  =  ^X  100. 

(2)  Per  cent  of  blood  cells  =  ^^^  X  100. 


into  the  tube.  The  tube  is  half  filled  with  blood,  and  is  then  tilted  two  or  three 
times  to  permit  the  hirudin  to  mix  with  the  blood.  Holding  the  tube  slightly  in- 
clined with  the  capillary  end  downward,  the  blood  is  allowed  to  run  down  to 
about  one  centimeter  from  the  capillary  end,  which  is  then  sealed  in  a  flame.  A 
minute  test  tube  is  thus  formed.  The  column  of  blood  (which  remains  separated 
from  the  bottom  of  the  tube  by  a  cushion  of  air)  is  then  measured  by  means  of 
a  millimeter  scale  and  its  length  carefully  determined.  The  sealed  end  of  the 
tube  is  then  inserted  into  a  cork  (see  diagram.  Fig.  b)    (which  has  a  small  hole 

*From  the  Pathological  Laboratory  of  the  Mount  Sinai  Hospital,  New  York  City,  X.  Y. 
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in  it)  and  centrifuged  for  ten  minutes  at  the  rate  of  about  2,500  to  2,600  revo- 
lutions per  minute.  The  cells  are  completely  sedimented.*  The  column  of  super- 
natant plasma  (see  diagram,  Fig.  c),  which  is  clear  and  sharply  separated  from 
the  cells,  is  measured  by  means  of  the  millimeter  scale  and  its  length  determined. 
The  difference  between  the  column  of  plasma  and  the  original  column  of  blood 
represents  the  volume  occupied  by  the  blood  cells.  The  value  of  both  plasma 
and  cells  may  be  computed  in  terms  of  per  cent  by  dividing  the  figure  obtained 
for  each  of  them  by  that  of  the  original  column  of  blood,  and  the  quotient  mul- 
tiplied by  100. 

Example: 

Column  of  blood  cells  in  millimeters  x  100  Volume  of  blood  cells 

^  .   ■     , , y^r^ i—T .^n ■   =  m  the  blood 

Origmal  column  of  blood  m  millimeters  •  ^^^^ 

Column  of  plasma  in  millimeters  x  100  .      ,      ,  ,      ,^ ' 

^  .   ■ — -. f T-j-j 7—- TP ■   =  ^^  the  blood 

(Jrigmal   column  of   blood  m  millimeters  •  ^  ^^ 

A  different  tube  of  the  type  described  above  is  used  for  each  determination 
of  the  relative  content  of  cells  and  plasma  in  the  blood.  The  accuracy  of  this 
method  of  measuring  the  blood  cells  and  plasma  is  confirmed  by  the  fact  that  in 
duplicate  and  triplicate  determinations  the  results  agree,  although  the  amount 
of  blood  used  in  the  several  determinations  need  not  be  exactly  the  same. 

Changes  in  the  blood  volume  can  be  ascertained  by  means  of  repeated  de- 
terminations of  the  relative  amounts  of  plasma  and  cells  present  in  the  blood.  It 
can  be  safely  assumed,  for  reasons  which  need  not  be  stated  here,  that  the  actual 
number  of  cells  in  the  blood  stream  remains  practically  constant  from  hour  to 
hour  or  even  from  day  to  day.  A  decrease  in  the  proportion  of  blood  cells  in 
a  unit  of  blood  therefore  signifies  an  addition  to  the  fluid  portion  of  the  blood  and 
hence  an  increase  in  the  total  volume.  If  the  proportion  of  blood  cells  found 
at  the  beginning  of  any  test  or  experiment  be  taken  as  the  standard  for  compari- 
son, the  subsequent  increase  or  decrease  in  the  blood  volume  can  be  ascertained 
by  dividing  the  percentage  of  blood  cells  in  a  given  determination  into  the  per- 
centage found  at  the  outset. 

An  increase  in  the  proportion  of  [)lasma  to  cells  signifies  that  the  blood  has 
become  diluted  and  that  the  total  volume  of  blood  is  therefore  increased.  Con- 
versely, if  the  plasma  is  diminished  and  the  cells  [)cr  unit  of  blond  incroascd.  the 
blood  is  concentrated  and  its  volume  is  diminished.  The  method  of  computa- 
tion of  the  relative  blood  volume  is  illustrated  in  the  following  example: 

_>,      _  ...  Blood  cell  volume  =  50  per  cent 

The  first  examination  shows:  p,^^,^^^  ^.^^,^,,^^^,         _  3q  j^^,.  ^,^,^^ 

...  P)lo(Hi   cell   volume  -■=  45  per  cent 

The  second  examination   shows:       p,.^^,^^.^  ^.^^l^^^^^         _   35  ^^^,^  ^,^.,^j 

Then  the  relative  blood  volume  at  Ihc  liino  of  the  second  examination,  is  to  the 

*By  using  liinidin  as  an  anlicoagulant  tlic  l)Iooil  cells  si-tlle  to  tlie  bottom  witli  extreme  ease,  and 
centrifuRalization  for  a  lonRer  jicriod  tlian  ten  minutes  at  tlic  above  rate  of  speed,  does  not  alter  the  final 
measurements   and  is  therefore  not   necessary. 
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blood  volume  at  the  time  of  the  first  examination,  as  45    :  50  =  100    :  X,  or 
50  X  100 


45 


X  =  111.1.     In  other  words  the  relative  blood  volume  at  the  time 


of  the  second  examination  is  111.1  per  cent  of  that  of  the  previous  one.  If,  on 
the  other  hand,  the  first  examination  shows  the  cell  and  plasma  relations  as 
above,  and  in  the  second  examination  the  cells  amount  to  55  per  cent  of  the  total 
blood,  the  relative  blood  volume  at  the  time  of  the  second  examination,  is  to  that 

found  at  the  first  examination,  as  55  :  50.^--  100  :  X ;  or   — ^-^ =  X,  i.e.,  X  = 

90.9  per  cent. 

In  the  first  instance  we  find  an  increase,  and  in  the  second  a  diminution  of 
the  relative  blood  volume.  \\^ork  is  in  progress  which  shows  the  necessity  of 
controlling  the  quantitative  findings  of  many  ingredients  of  the  blood  by  parallel 
estimations  of  variations  in  the  relative  blood  volume. 

The  following  protocols  are  supplied  to  illustrate  the  results  obtained  by  this 
method : 

TABLE  1. 


Case  L.  K.,  1-4. 


Diagnosis ; 


Xov.   16,   1914.     Coffee  and  glucose 
50  g.,  9 :20  A.  M. 
Hypopituitrism  with  diabetes. 

Relative  blood 


Time 

9:15  A.  M. 
10:30 
11:30 
12:30  p.  M. 

1:30 

2:30 

3:30 


Blood  cells 
Per  cent 

55.7 
55.6 
54.2 
55.5 
55.5 
55.7 
55-7 


Plasma 
Per  cent 

44.3 
44.4 
45.8 
44.5 
44.5 
44.3 
44.3 


volume 
Per  cent 
100.0 
100.2 
102.7 
100.4 
100.4  ■ 
100.0 
100.0 


TABLE   2. 


Case  L.  F.,  K-16.    Jan.  18,  1915.     Coffee  and  glucose 


50  g.,  9:00  A.  M. 


Diagnosis: 

Diabetes 

mellilus. 

9:00  A.  M. 

41.6 

58.4 

100.0 

10:00 

44.6 

55.4 

93.2 

11:00 

44.2 

55.8 

94.1 

12:00 

43.7 

56.3 

95.2 

1:00  p.    M. 

44.3 

55.7 

94.0 

2:00 

43.5 

56.5    . 

95.6 

TABLE 

3. 

Case  A. 

M.,  K-1.     Dec. 

24, 

1914 

.     Coffee 
50  g., 

and  g 
10:30 

lucose 

A.    M. 

Diagnosis : 

Diabetes 

mellitus. 

9:30    A.    M. 

50.0 

50.0 

100.0 

10:30 

44.2 

55.8 

113.1 

11:30 

44.5 

55.5 

112.4 

12  :30  p.  M. 

44.0 

55.0 

113.6 

1:30 

42.6 

57.4 

117.4 

2:30 

42.9 

57.1 

116.5 

3:30 

48.0 

52.0 

104.2 
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TABLE  4.* 

Cat  9. 

Weight  3,750  gms.     Complete  pancreatectomy. 


Time 

Blood** 

Relative  blood 

Plasma 

Cells 

volume 

Hours 

Per  cent 

Per  cent 

Per  cent 

Before  operation 

64.3 

35.7 

100.0 

After 

65.2 

34.8 

102.6 

16 

72.1 

27.9 

127.8 

21 

69.2 

30.8 

115.8 

26 

73.5 

26.5 

134.7 

42 

73.4 

26.6 

134.2 

52 

76.3 

23.7 

150.6 

70 

74.7 

25.3 

141.1 

96 

72.1 

27.9 

127.9 

100 

75.6 

24.4 

146.3 

119 

73.1 

26.9 

132.5 

124 

74.4 

26.6 

134.2 

141 

73.6 

26.4 

135.2 

*Epstein,  Albert  A.,  and  Baehr,  George:     Jour.  Biol.  Chem.,  1916,  xxiv,  No.   1. 
**Blood  taken  from  ear  vein. 

TABLE  5.* 

Cat  20. 
Fasted  9  days  before  operation.     Initial  weight  3,300  gms.     Final  weight  2,880  gms. 

Pancreatectomy  and  double  nephrectomy. 
Before   operation 
After  operation 


/2 


7 

18 
23 
27 
30 
41 
46 
48 


62.3 

37.7 

100.0 

58.0 

42.0 

90.0 

56.7 

43.3 

87.8 

65.2 

34.8 

108.3 

70.0 

30.0 

126.0 

74.2 

25.8 

146.1 

74.5 

25.5 

146.0 

76.0 

24.0 

157.0 

76.0 

24.0 

157.0 

77.2 

22.8 

165.1 

77.1 

22.9 

165.0 

M.  c. 
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EDITORIALS 


Recent  Organic  Arsefiic  Compounds 

AvSTRIKIXG  example  of  the  great  benefit  which  may  resuh  to  practical 
therapeutics  by  the  careful  chemical,  pharmacological  and  clinical  in- 
vestigation of  new  drugs  is  afforded  by  the  recently  introduced  organic  arsenic 
compounds.  From  the  chemical  standpoint  certain  peculiarly  interesting  and 
important  features  are  manifested  by  these  bodies.  The  first  of  these  is  the 
varying  toxicity  and  often  widelv  dififerent  symptoms  which  these  bodies  ex- 
hibit when  compared  with  the  results  produced  by  corresponding  quantities  of 
arsenic  combined  in  the  inorganic  compounds.  There  would  seem  to  be  in- 
volved here  a  peculiar  combination  of  the  action  of  the  drug  on  the  animal  or- 
ganism, and  again  of  the  reactions  of  the  metabolic  processes  of  the  body  on 
the  drug,  \\hen  parasitic  organisms,  such  as  spirochetes  or  trepanosomes,  are 
present,  as  is  usually  the  case  in  the  conditions  under  which  these  drugs  are 
administered,  the  conditions  are  still  further  complicated  by  the  possible  de- 
struction of  these  organisms  with  the  resulting  liberation  of  toxic  substances 
from  this  source.  It  is  on  this  latter  basis  that  a  hypothetical  explanation  of 
the  so-called  Herxheimer  (or  Jarisch-Herxheimer )  reaction  which  sometimes 
follows  the  administration  of  organic  arsenic  compounds  in  lues  has  been  ex- 
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plained.     In  this  condition  there  is  swelling,  edema,  increased  coloration  or  se- 
cretion, etc.,  about  the  local  manifestations  of  the  disease. 

In  most  of  its  compounds  the  valence  of  arsenic  is  either  three  or  five.  And 
it  seems  probable  that  only  the  compounds  of  arsenic  with  oxygen^  are  capable 
of  modifying  vital  functions.  There  are  two  oxides,  the  trioxide  (As.Os),  and 
the  pentoxide  (As.O,,)  of  which  the  former  possesses  by  far  the  greatest  phar- 
macological action.  This  appears  to  depend  on  the  trivalent  arsenic  atom.  In 
the  tissues  of  the  body  is  it  probable  that  each  oxide  is  changed  to  some  extent 
into  the  other,  this  being  effected  by  reduction  or  oxidation  of  the  pentoxide 
or  the  trioxide  respectively.  The  ordinary  salts  of  the  acids  of  which  these 
oxides  are  the  anhydrides  possess  a  corresponding  action.  In  the  tissues  ap- 
parently the  therapeutically  effective  arsenic  exists  in  the  form  of  arsenite  ions, 
i.e.,  the  trivalent  form.  This  probably  holds  good  as  a  general  rule  for  the  or-  • 
ganic  compounds  also,  for  it  was  shown  by  Ehrlich  that  trypanosomes  are  not 
especially  susceptible  to  the  poisonous  action  of  atoxyl  in  the  test  tube,  but  in 
the  body  atoxyl  is  very  poisonous  to  these  organisms.  Ehrlich  believed  that  in 
the  tissues  atoxyl  was  partially  reduced  and  that  these  reduction  products  were 
the  real  trypanosome  poisons,  for  he  was  able  to  show  that  such  reduced  bodies 
acted  very  powerfully  on  trypanosomes  in  the  test  tube.  Others,  however,  are 
of  the  opinion  that  part  of  the  atoxyl  undergoes  decomposition  in  the  tissues 
and  the  ordinary  inorganic  arseniteion  is  liberated  and  thus  exerts  its  usual 
action.  A  further  peculiar  and  therapeutically  unfortunate  circumstance  in  the 
administraton  of  these  arsenic  compounds  is  that  organisms  such  as  spirochetes 
or  trypanosomes  tend  to  acquire  a  tolerance  for  the  arsenic  and,  after  a  time, 
are  no  longer  affected  by  therapeutic  doses  of  the  drugs.  This  appears  as  a 
rule  to  be  more  generally  true  in  trypanosomiasis  than  in  lues,  for  while  the 
drug  (atoxyl)  may  alleviate  the  symptoms  of  the  disease,  the  cure  of  a  pa- 
tient with  sleeping  sickness  is  very  rare. 

The  profound  influence  on  humanity  which  a  drug  capable  of  curing  such 
a  disease  as  lues  or  trypanosomiasis  may  have  has  caused  the  greatest  interest 
to  be  centered  in  the  production  and  examination  of  organic  arsenic  compounds. 
And  in  addition,  these  drugs  often  appear  capable  of  curing  or  alleviating  dis- 
eased conditions  other  than  those  which  were  in  tlie  Iioginning  the  main  objects 
of  organic  arsenic  medication.  Frambesia,-  recurrent  fe\er,  A'incent's  angina 
and  spirillosis  of  the  lower  animals  may  be  greatly  lienclltcd  or  cured  l)y  sal- 
varsan,  etc.  And  numerous  favorable  reports  are  in  ihe  literature  regarding  the 
use  of  these  compounds  in  still  other  conditions. 

A  new  impetus  toward  the  chemical  production  of  organic  arsenic  com- 
pounds has  been  given  by  the  war,  wliich  has  cut  off  from  many  countries  the 
usual  supply  of  salvarsan,  neosalvarsan.  etc.  Accordingly  a  number  of  com 
ponds,  some  new,  others  claiming  to  be  the  same  as  salvarsan,  have  appeared 
on  the  market.  Among  these  are  products  from  France,  luigland,  Canada,  the 
United  States,  etc.  Galyl''  is  claimed  to  be  tetraoxy-diphos]>ho-nmino-diarseno- 
benzene  and  to  jiosscss  the  follow  ing  fornuil.i : 
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COM 


oti 


COM 


CM 


CH 


cn 


CNH.      OH   /NMC 


c 

As     . 

As 
C 

ACH 


VpS/^ 


The  formula  of  salvarsan  is  as  follows 


COM 


CH 


NM,C 

CC 

A 

CH 

CM 

c 

CM 

As 
As 

CM 

C 

A 

CH 

NH,C 

\y 

CH 

COH 

In  galyl  there  are  thus  introduced  two  phosphoric  groups.  It  contains  35.3 
per  cent  of  arsenic  and  7.2  per  cent  of  phosphorus,  is  a  yellow  powder  of  a 
tint  different  from  those  of  salvarsan  and  neosalvarsan,  and  is  insoluble  in  dis- 
tilled water.  It,  however,  dissolves  rapidly  in  a  weak  solution  of  sodium  car- 
bonate, from  which  it  can  be  precipitated  readily  by  the  addition  of  an  acid. 
The  tubes  in  which  it  is  dispensed  contain  the  small  amount  of  sodium  carbonate 
required  for  solution,  and  thus  the  handling  and  dissolving  are  no  more  com- 
plicated than  in  the  case  of  neosalvarsan.  Foerster  believes  this  drug  to  be  as 
good  as  salvarsan  in  the  treatment  of  lues,  but  admits  that  his  obsers-ations  have 
not  yet  extended  over  a  sufficient  time  to  permit  a  final  judgment  on  the  sub- 
stance. Some  disagreeable  after  effects  often  followed  the  use  of  the  drug, 
but  these  were  not  severe. 

Kharsivan  and  neokharsivan*  (English)  are  claimed  to  be  identical  with 
salvarsan  and  neosalvarsan  as  is  also  novarsenobenzol  "Billion"  (made  by  Pulenc 
Freres,  Paris).  There  seems  to  be  a  general  feeling  among  those  v\-ho  have 
used  these  drugs  that  they  are  somewhat  more  toxic  than  the  original  substances 
they  were  expected  to  replace.  They  may,  however,  with  proper  care  be  safely 
used. 

Diarsenol  as  manufactured  by  the  Synthetic  Drug  Company  of  Toronto, 
Canada,  is  said  to  be  the  dichlorhydrate  of  dipxydiamido-arsenobenzol.  Ap- 
parently it  dift'ers  only  slightly  from  salvarsan.  A  number  of  reports^  have 
been  made  concerning  the  action  and  use  of  this  body. 

"Arsenobenzol"  (Salvarsan)  has  been  manufactured  by  the  Department  of 
Dermatological  Research  of  the  Philadelphia  Polyclinic.®     This  body    (Arsen- 
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phenol-Amine  Hydrochloride)  is  practically  identical  with  salvarsan,  but  is  slight- 
ly less  soluble  than  the  German  product  and  requires  to  be  filtered.  It  is  pre- 
pared otherwise  in  the  same  manner  as  salvarsan  and  must  be  neutralized  by 
the  addition  of  sodium  hydroxide  solution.  Ormsby^  and  Mitchell  have  re- 
cently contributed  an  interesting  report  of  184  injections  of  this  drug  in  75 
patients.  They  conclude  that  arsenobenzol,  together  with  mercury,  offers  as 
good  a  method  of  treatment  of  syphilis  as  any  heretofore  used. 

A  number  of  other  organic  arsenic  compounds^  have  been  introduced  re- 
cently, but  from  published  reports  it  is  usually  impossible  to  obtain  accurate 
mformation  regarding  such  therapeutic  value  as  they  may  (or  may  not)  possess. 

It  is  easily  seen  that  the  ideal  has  not  yet  been  reached  in  the  production 
of  these  compounds.  For  aside  from  the  difihculty  of  solution  or  of  neutraliza- 
tion, etc.,  which  several  of  them  possess,  there  is  the  much  more  dangerous  fea- 
ture of  their  oxidation  over  into  exceedingly  poisonous  bodies.  In  the  case 
of  the  salvarsan  and  neosalvarsan  there  may  be  produced  the  dangerous  para- 
midophenolarsenic  oxide.  This  oxidation  occurs  rapidly  in  the  air.  The  ideal 
drug  should  be  stable,  readily  soluble,  neutral  in  reaction,  cheap  and  of  low 
toxicity  for  the  host  while  acting  strongly  on  the  parasites.  It  is  to  be  hoped 
that  the  notable  success  of  the  past  will  continue  to  encourage  greater  eft"orts 
along  these  very  promising  lines  in  the  future. 
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Sensory  Pathways  in  the  Spinal  Cord 

T  NVESTIGATION  of  the  exact  function  of  the  various  tracts  and  centers 
^  that  go  to  make  up  the  complicated  structure  of  the  cerebrospinal  axis  is 
probably  the  most  difficult  problem  in  the  whole  domain  of  experimental  physi- 
ology. The  brilliant  achievements  of  the  morphological  neurologists  in  trac- 
ing the  origin  and  distribution  of  many  of  the  tracts  has  not  as  yet  been  fol- 
lowed, to  any  material  degree,  by  experimental  evidence  which  would  indicate 
the  nature  of  the  nerve  impulses  transmitted  through  them.  Provided  the  func- 
tion of  the  centers  with  which  a  certain  tract  connects  is  known,  we  can,  it  is 
true,  draw  inferences  regarding  the  general  nature  of  the  impulses  which  must 
pass  along  it,  but  such  inferences  cannot  be  expected  to  carry  us  far  when  we 
consider,  on  the  one  hand,  the  paucity  of  our  knowledge  concerning  the  func- 
tions of  the  centers  themselves,  and,  on  the  other,  the  diverse  routes  which  mav 
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be  followed  by  the  different  groups  of  fibers  that  compose  a  given  tract.  Kven 
if  we  could  unravel  to  its  last  neurone  the  enormously  complicated  tangle  of 
reflex  arcs  which  compose  the  brain  and  spinal  cord,  we  should  know  but  lit- 
tle concerning  the  pathways  along  which  different  impulses  travel.  Thus,  a 
pinprick  on  the  sole  of  the  foot  will  cause  flexion  of  the  homolateral  hind  limb 
(flexion  reflex),  whereas  suddenly  applied  mechanical  pressure  at  the  same 
place  will  cause  exactly  the  opposite  effect,  that  is,  an  extension  (extensor 
thrust).  Both  are  reflex  responses  due  to  impulses  traveling  along  practically 
the  same  reflex  arcs,  and  yet  the  nature  of  the  stimuli  transmitted  to  the  mus- 
culature of  the  leg  is  diametrically  opposite  in  the  two  cases.  Why  the  dif- 
ference? It  cannot  be  explained  on  any  anatomical  basis,  and  must  therefore 
depend  on  conditions  acting  in  the  spinal  cord  in  such  a  way  as  to  direct  and 
modify  the  entering  sensory  impulse  so  that  it  may  either  stimulate  or  inhibit 
the  nerve  cells  of  the  motor  neurones  which,  through  the  eft'erent  roots,  then 
transmit  the  impulses  to  the  muscles  concerned.  In  other  words,  to  know  the 
course  of  every  nerve  fiber  and  the  position  of  every  nerve  cell  in  the  cerebro- 
spinal axis  would  help  us  no  more  in  determining  through  which  reflex  arcs 
any  given  afferent  impulse  will  travel  than  would  an  exact  plan  of  a  telephone 
exchange  indicate  the  connections  that  are  most  frequently  made  between  its 
incoming  and  its  outgoing  wires. 

In  order  to  ascertain  the  nature  of  the  impulses  which  a  given  tract  trans- 
mits, or  a  center  originates,  we  must  study  either  the  motor  and  sensory  paraly- 
sis which  supervenes  upon  its  destruction  or  the  movements  and  sensory  im- 
pression produced  by  its  artificial  stimulation.  The  stimulation  method  is  prac- 
tically limited  in  its  applicability  to  the  surface  of  the  brain,  where,  however,  it 
has  been  used  with  great  success  in  the  localization  of  the  so-called  motor  and 
sensory  centers.  To  determine  the  function  of  the  more  deeply  situated  centers 
and  tracts,  the  "method  of  destruction"  is  alone  available,  but  even  this  has 
only  a  limited  applicability,  for  although  it  can  be  used  quite  successfully  in 
dumb  animals  to  determine  the  course  of  motor  impulses,  it  cannot  obviously 
tell  us  much  regarding  the  sensory  pathways. 

Practically  all  the  knowledge  we  possess  regarding  the  course  of  sensory 
impressions  has  so  far  been  gained  by  accurate  clinical  observation  of  patients 
in  whom  a  subsequent  pathologic  study  has  been  made  of  the  exact  position  of 
the  lesions.  But  this  method,  besides  being  time-consuming,  cannot  carry  us 
far,  and  when  we  come  to  investigate  the  problem  on  laboratory  animals,  we 
are  limited  to  sensory  impulses  wdiich  cause  some  visible  or  objective  response; 
something  we  can  see  and  measure.  Pavlov  during  the  last  years  of  his  life 
employed  for  such  a  purpose  the  secretory  activity  of  the  salivary  glands,  and 
recently  Ranson  and  von  Hess  have  published  the  results  of  some  excellent 
experiments  in  which  reflex  changes  in  arterial  blood  pressure  were  observed 
before  and  after  destroying  certain  of  the  afferent  pathways  in  the  spinal  cord. 
In  these  experiments,  also,  evidence  was  collected  regarding  the  influence  of 
the  lesions  on  the  conduction  of  painful  or  noci-ceptive  impressions,  this  being 
the  only  sensation  which,  by  the  behavior  of  the  animal,  we  can  know  to  be 
present  or  absent. 

Various  lesions  were  produced  on  the   spinal   cord  of  anesthetized   cats  at 
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the  level  of  the  first  lumbar  segment,  and  after  recovery  from  the  immediate 
effects  of  the  operation  "each  cat  was  subjected  to  two  kinds  of  tests  to  de- 
termine the  effect  of  the  lesion,  first,  on  the  conduction  of  pain  and,  second, 
on  the  character  of  the  vasomotor  reflexes."  The  lesions  consisted  of  dorsal  and 
lateral  hemisections,  section  of  the  posterior  funiculus  and  destruction  of  the 
apex  of  the  posterior  horn.  After  recovery  from  the  immediate  effects  of  the 
operation,  there  was  no  evidence  of  motor  paralysis  (except  in  one  case).  The 
sense  of  pain  as  indicated  by  a  sharp  cry  and  generalized  struggling  movements 
was  tested,  usually  by  means  of  faradic  stimulation  through  needle  electrodes, 
in  the  area  of  distribution  of  the  sciatic  nerve.  After  inserting  the  necessary 
cannulae  and  while  under  light  ether  anesthesia,  the  vascular  reflexes  were  elicited 
by  faradic  stimulation  of  the  central  end  of  the  cut  sciatic  nerve,  a  pressor  ef- 
fect being  obtained  by  strong  and  a  depressor  effect  by  weak  stimulation.  The 
influence  of  the  spinal  lesions  on  the  reflex  was  gauged  by  comparing  the  magnitude 
of  the  change  in  blood  pressure  produced  when  the  sciatic  nerve  was  stimulated 
with  that  produced  by  stimulation  of  the  central  ends  of  the  nerves  of  the  an- 
terior extremity.  After  these  observations  had  been  recorded,  the  animal  was 
killed,  and  in  order  to  determine  the  extent  of  the  lesion  a  stretch  of  cord  con- 
taining the  lesion  was  removed,  prepared  by  the  pyridine-silver  method  of  Ran- 
son  and  cut  into  serial  sections.  By  this  method  the  presence  of  nonmedullated, 
as  well  as  medullated  nerve  fibers,  is  revealed.  In  considering  their  results, 
the  authors  are  careful  to  point  out  that  all  of  the  alterations  in  the  vasomotor 
reflexes  which  were  observed  to  supervene  upon  the  spinal  lesions  which  they 
produced  cannot  as  yet  be  readily  explained.  The  importance  of  their  work 
lies,  indeed,  not  so  much  in  the  actual  conclusions  which  it  is  permissible  to 
draw  from  the  results,  as  in  the  great  care  and  thoroughness  with  which  the 
data  have  been  collected. 

Concerning  the  vascular  reflexes,  it  was  found  that  after  lateral  hemisec- 
tion  of  the  lumbar  cord  there  occurred  a  great  reduction  of  the  depressor  re- 
action elicitable  by  stimulation  (weak  faradic)  of  the  opposite  sciatic,  whereas 
this  reflex  was  practically  normal  when  the  sciatic  on  the  same  side  as  the  cord 
lesion  was  stimulated.  In  the  case  of  the  pressor  response,  on  the  other  hand, 
reduction  was  evident  when  either  sciatic  was  stimulated,  though  more  markedly 
so  on  the  side  of  the  lesion.  These  results  suggest  that  depressor  and  pressor 
impulses  travel  in  the  spinal  cord  by  different  paths,  of  whicli  ilic  depressor 
are  crossed  and  the  pressor  bilateral.  Furthermore,  the  pressor  patlis  are  in 
the  posterior  portion  and  llie  depressor  in  the  anterior  portion  of  llie  cord,  for 
in  other  animals  in  which  posterior  hemisections  had  been  made  it  was  found 
that  the  pressor  reflex,  but  not  the  depressor,  disappeared,  'i'he  pathways  avail- 
able for  the  transmission  of  the  pressor  impulses  in  the  posterior  portion  of  the 
cord  are  the  posterior  columns  (postero-median  and  postero-lateral)  and  the 
structures  composing  the  ti])  of  the  posterior  horn  (  Lissauer's  tract.  Substantia 
gelatino.sa  Rolandi,  etc.).  Tt  was  definitely  established  that  it  is  by  the  apex 
of  the  posterior  horn  that  the  pressor  imjiulses  travel,  for  bilateral  destruction 
of  the  posterior  columns  had  no  effect  on  the  [)ressor  reflex,  which  however 
could  not  be  obtained  after  the  apices  of  the  posterior  horns  had  been  destroyed. 

In  connection  with  tht'  last  nu'ntioiied  observations  a  most  curious  and  in- 
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teresting  result  was  obtained,  namely,  tliat  the  depressor  reflex  became  very 
marked  when  the  sciatic  nerve  was  stimulated  with  such  stimuli  as  would  have 
caused  a  pressor  response  in  a  normal  animal.  This  reversal  of  the  normal 
reaction  was  also  obtained,  after  destruction  of  the  posterior  horn,  when  the 
central  ends  of  the  brachial  nerves  were  stimulated.  To  account  for  this  re- 
sult it  is  suggested  by  the  authors  that  vasomotor  centers,  wherever  these  may 
be  situated,  are  constantly  being  acted  upon  by  afferent  impulses  which  travel 
to  them  by  different  pathways,  those  coming  up  the  lateral  columns  exercising 
an  inhibitory  or  depressor  influence,  and  those  arriving  by  the  posterior  horns 
an  augmentory  or  pressor  influence.  In  normal  animals,  vasomotor  reactions 
represent  a  balance  between  these  two  opposing  influences.  The  facility  of  pas- 
sage (threshold)  of  the  depressor  path  is  greater  than  that  of  the  pressor,  hence 
weak  stimuli  in  normal  animals  cause  depressor  responses.  Stronger  stimuli, 
on  the  other  hand,  cause  impulses  to  be  set  up  in  both  pathways,  but  those  with 
a  pressor  effect  overcome  the  depressor  impulses,  so  that  the  usual  effect  is 
a  rise  in  blood  pressure.  The  doorway  guarding  the  depressor  pathway  is 
small  and  easily  forced  open,  whereas  the  pressor  doorway  is  large  and  un- 
wieldy, but  once  forced  open  it  offers  less  resistance  to  the  crowd  of  impulses 
seeking  passage  along  the  pathway  it  guards. 

After  bilateral  destruction  of  the  posterior  horns,  "the  pressor  path  is  so 
impaired  that  with  strong  stimulation  the  inhibitory  impulses  along  the  depressor 
path  predominate  and  produce  marked  depression."  To  explain  why  depressor 
responses  should  also  be  obtained  in  these  animals  on  strong  stimulation  of  the 
brachial  nerves,  it  is  suggested  "that  the  normal  high  resistance  of  the  pressor 
path  has  been  increased  above  the  lesion  by  cutting  off  the  impulses  normally 
ascending  in  this  path  from  the  lower  half  of  the  body." 

The  depressor  pathway  seems  to  be  that  along  which  painful  impulses  and 
those  that  cause  reflex  changes  in  respiration  are  conducted;  at  least,  it  could 
be  definitelv  shown  that  the  pressor  pathway  is  not  concerned  in  the  transmis- 
sion of  such  impulses,  for  none  of  the  above  mentioned  lesions  had  any  notice- 
able effect  on  the  conduction  of  pain.  This  conclusion  is  in  conformit)^  with 
the  usually  accepted  one  that  pain  is  transmissible  up  the  cord  in  the  anterior 
part  of  the  lateral  funiculus. 
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Acidosis  in  Nephritis 

T  TALDANE  and  Priestly  showed  that  the  regulation  of  respiration  is  ef- 
^  ^  fected  by  the  carbon  dioxide  tension  of  the  arterial  blood  which  is  the:- 
same  as  that  of  the  alveolar  air  of  the  lungs.  Later  work  showed  that  the  hy- 
drogen-ion concentration  due  to  the  dissolved  carbon  dioxide  is  the  actual  ex- 
citing agent.  An  increase  of  0.22  per  cent  of  the  carbon  dioxide  content  of  the 
arterial  blood  results  in  doubling  pulmonary  ventilation.     But  carbon  dioxide  is 
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not  the  only  substance  which  acts  in  this  way,  as  has  been  proved  by  various  in- 
vestigators. Minute  additions  of  hydrochloric  acid  will  produce  similar  results. 
Lactic  acid  and  undoubtedly  other  acids  will  act  in  the  same  way.^ 

While  it  is  the  lungs  which  are  the  chief  organs  for  the  regulation  of  the 
carbon  dioxide  content  of  the  blood,  it  is  the  excretory  organs,  which  govern 
the  excretion  of  other  acid  products  of  metabolism.  Bayliss  remarks  that  the 
sensibility  of  the  kidney  to  acid  in  the  blood  must  be  such  as  to  keep  the  con- 
centration of  hydrogen-ion  in  the  blood,  other  than  that  due  to  carbon  dioxide, 
at  a  constant  level. 

Dyspnea  may  therefore  be  of  one  or  another  of  two  types, — that  due  pri- 
marily to  increased  carbon  dioxide  tension  in  the  lungs  and  blood,  and  that  due 
primarily  to  increased  content  of  other  acids  in  the  blood.  It  is  this  latter  type 
of  dyspnea  which  led  Peabody  to  study  the.  acidosis  of  nephritis.' 

Recent  studies  upon  the  blood  in  uremia  have  tended  to  show  that  this  con- 
dition is  frequently,  especially  in  its  advanced  stages,  associated  with  an  acidosis 
which  is  sufficiently  marked  to  alter  the  normal  composition  of  the  blood  and  to 
reduce  the  carbon  dioxide  tension.  In  chronic  nephritis  without  uremia,  in- 
vestigations of  the  blood  and  alveolar  air  have  shown  little  evidence  of  acidosis. 
That  there  is  however  a  certain  degree,  often  small,  of  acidosis  in  ordinary  grades 
of  nephritis,  has  been  shown  by  Sellards,"  who  used  what  is  known  as  the  alkali 
tolerance  test.  (This  test,  credited  to  both  Sellards  and  Palmer,'^  depends  upon 
the  fact  that  in  a  normal  individual  5-10  grains  of  sodium  bicarbonate  taken  by 
mouth  causes  a  change  in  the  reaction  of  the  urine  from  acid  to  alkaline  in  about 
2  hours.  The  test  is  applied  by  giving  a  patient  5  grains  of  sodium  bicarbonate 
every  2  hours  until  the  urine  becomes  alkaline  to  litmus.  The  amount  of  the 
bicarbonate  necessary  to  produce  the  urinary  change  indicates  the  degree  of  the 
acidosis.)  When  the  acidosis  rises  above  a  certain  grade  it  is  indicated  by 
dyspnea,  which  is  the  physiologic  expression  of  stimulation  of  the  respirator}' 
center. 

Peabody  notes  that  he  and  other  workers  have  discussed  the  association  of 
acidosis  and  dyspnea  in  cardiorenal  disease,  but  that  they  have  not  been  able  to 
make  clear  the  relation  between  the  two  symptoms.  He  remarks  that  the  usual 
clinical  laboratory  examinations  of  the  urine  are  not  satisfactory  because  they 
give  information  only  of  the  acid  substances  which  are  being  excreted,  and  give 
no  information  as  to  how  much  is  retained.  This  informatii)n  may  be  had  by 
making  blood  acidity  studies  supplemented  by  estimations  of  the  carbon  dioxide 
tension  in  the  lungs.  However  that  may  be,  all  the  necessary  data  may  be  had 
by  the  use  of  alkali  tolerance  test,  which  naturally  will  tend  to  show  how  much 
excess  of  acid  there  is  within  the  body. 

Peabody  compares  three  groups  of  cases.  The  first  consists  of  patients 
who  gave  evidence  of  a  definite  but  not  severe  nephritis,  as  shown  by  urinary 
findings  with,  usually,  hypertension  and  cardiac  hypertrophy.  In  this  group  the 
alkali  tolerance,  phcn()lsul[)honphthalcin  output,  and  alveolar  carbon  dioxide  ten- 
sion fell  with  normal  limits.  In  other  words,  in  this  scries  of  mild  chronic  ne- 
phritis there  was  no  evidence  of  acidosis.  The  second  group  comprised  cases 
in  which  the  phenolsulphojiphthalein  output  and  nitrogen  retention  determina- 
tions were  abnormal.     In  these  the  alveolar  carbon  dioxide  determination  were 
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normal  but  the  alkali  tolerance  test  required  more  than  the  usual  alkali.  In 
this  series  it  is  noted  that  the  alkali  tolerance  and  the  output  of  phenijlsulphon- 
phthalein  run  parallel.  These  findings  signify  an  early  stage  of  acidosis  without 
increase  of  alveolar  carbon  dioxide  tension.  The  third  group  consisted  of  ad- 
vanced cases  of  chronic  nephritis.  Six  of  the  nine  died  within  a  few  days  or 
weeks  of  the  observations.  All  the  tests  indicated  low  functional  activity  (phenol- 
sulphonphthalein)  of  the  kidneys.  Alkali  tolerance  was  increased  and  the  al- 
veolar carbon  dioxide  tension  was  decreased.  In  these  cases,  says  Peabody, 
there  is  not  only  evidence  of  loss  of  base  from  the  tissues,  but  also  of  increase 
of  acids  in  the  blood.  These  facts,  he  says,  point  to  the  acidosis  of  renal  dis- 
ease, being  due  to  retention,  or  to  inefficient  secretion. 

This  work  is  exceedingly  interesting  and  calls  attention  to  important  diag- 
nostic and  therapeutic  procedures  which  have  been  dwelt  upon  very  logically 
and  impressively  by  Martin  Fischer.^  But  Peabody's  results  do  not  go  back 
far  enough.  That  the  acidosis  is  one  due  to  retention  is  interesting,  but  not  so 
interesting  or  important  as  the  cause  of  the  retention  which  Fischer  has  studied. 
In  plain  uncomplicated  nephritis,  there  is  edema  of  the  kidney  due  to  a  local 
renal  acidosis.  Excretion  may  be  cut  down  or  not,  and  be  a  serious  factor  or 
not,  according  to  the  degree  of  renal  involvement.  \\'hen  the  acidosis  of  ne- 
phritis is  more  general  then  the  edema  is  also  more  general  and  other  tissues 
than  the  kidney  become  afifected, — acids  are  held  by  all  the  organs  according  to 
the  character  of  their  arterial  blood  supply.  AXhen  the  brain  becomes  edematous 
during  a  nephritis,  uremia  results.  In  other  words,  isn't  the  cause  in  all  cases 
much  the  same,  and  do  not  the  symptoms  vary  with  the  organs  involved? 

That  acidosis  is  but  one  factor  in  uremia  is  very  probable,  but  also  it  is 
probably  the  most  important  single  one,  as  alkali  therapy  indicates.  It  is  noted 
that  by  alkali  therapy  Peabody  means  the  administration  of  moderate  intravenous 
doses  of  5  per  cent  sodium  bicarbonate  solution.  Such  a  solution  does  practically 
but  one  thing;  i.e.,  it  combines  acid.  When  one  considers  what  is  happening  in 
the  acidosis  of  uremia,  one  must  realize  that  the  problem  is  not  entirely  one  of 
acid  content  of  the  tissue  though  that  is  tlie  primary  thing,  but  it  is  water  hold- 
hig  by  the  tissue.  To  reduce  that  needs  more  salt  content,  even  in  uncomplicated 
cases.  In  nephritis  it  is  possible  that  the  acids  are  not  however  the  usual  ones 
such  as  lactic  acid  and  the  rest,  but  they  may  be  amino  acids  and  to  counteract 
the  effects  of  these  the  alkaline  salt  solutions  are  not  as  efficacious  as  they  are 
in  the  more  usual  types,  in  which  they  produce  "great  temporary  improvement." 
In  the  group  "in  w'hich  acidosis  only  produces  a  slight  fall  in  alveolar  carbon 
dioxide  tension,  and  in  w^iich  there  are  no  symptoms  directly  due  to  the  acidosis, 
the  results  obtained  by  giving  alkali  are  much  more  questionable,"  probably  be- 
cause of  the  type  of  acidosis.  There  is  every  probability  that  in  the  amino-acid 
acidosis  alkali  treatment  is  not  as  essential  as  sugar  treatment.  In  other  words, 
it  is  possible  that  by  using  a  salt-alkali  treatment  on  the  one  hand,  or  a  dextrose 
or  lactose  containing  salt-alkali  treatment  on  the  other,  that  the  two  types  of 
acidosis  might  be  separated. 

It  seems  worth  the  saying  that  in  very  many  chronic  nephritides  the  vascular 
lesions  are  the  important  ones.  In  many  cases  of  "uremia"  the  cerebral  vessels 
are  essentially  diseased.     AMien  this  is  true,  it  becomes  an  important  therapeutic 
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question  to  determine  how  much  salt  or  alkali  or  other  substance  can  be  intro- 
duced to  at  once  decrease  the  swelling-  associated  with  increased  acid  content, 
and  to  neutralize  the  acid.  Neutralizing  the  acid  in  the  blood  alone  will  give 
only  a  transient  effect.  If  the  conditions  are  such  that  without  a  decreased  car- 
bon dioxide  tension  in  the  alveoli  there  is  nevertheless  a  cerebral  or  a  renal  acid- 
osis (swelling),  it  means  that  the  available  oxygen  of  the  blood  does  not  reach 
the  organs,  and,  under  such  conditions,  intravenous  medication  will  always  be 

only  an  experiment. 
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The  Bacillus  of  Plotz  and  Typhus  Exanthematicus 

THE  repeated  outbreaks  of  typhus  fever  which  have  marked  the  epidemic  his- 
tory of  the  present  war  promise  to  furnish  the  opportunity  for  final  set- 
tlement of  the  problem  of  the  etiology  of  this  disease.  Systematic  scientific 
investigation  of  typhus  dates  from  1909  when  Nicolle  succeeded  in  inoculating 
anthropoid  apes.  Very  soon  after  this,  Anderson  and  Goldberger,  Ricketts  and 
Wilder,  and  Gavino  and  Girard  successfully  inoculated  lower  monkeys,  and  ma- 
terial for  systematic  experimentation  was  thereby  made  available.  The  def- 
inite temperature  reactions  in  guinea-pigs  inoculated  intraperitoneally  with  ty- 
phus blood  in  the  early  stages  of  the  disease  were  then  reported  by  Nicolle  Cor- 
nell and  Conor,  and  this  has  been  extensively  confirmed  by  Anderson  and  many 
others,  Anderson  carrying  a  typhus  virus  in  this  way  through  many  generations. 
The  filtrability  of  the  virus,  though  at  first  claimed  by  many  observers  and  still 
held  by  some,  was  gradually  shown  to  be  unlikely  l)y  Anderson  and  Goldberger, 
Ricketts  and  Wilder,  and,  although  occasional  monkeys  inoculated  with  filtered 
virus  have  proved  refractory  to  subsequent  inoculation,  the  general  opinion  to- 
day is  that  the  disease  is  not  caused  by  a  virus  too  small  to  pass  the  filters.  This 
of  course  has  given  new  impetus  to  the  search  for  bacterial  causative  agents. 

Many  microorganisms  have  been  described.  Marcus  Rabinovitch^  described 
a  Gram  positive  diplobacillus  which  he  cultivated  from  cases  in  an  epidemic  in 
Kieff  and  with  antigens  prepared  from  this  organism  he  obtained  complement- 
fixation  and  agglutination.  Fiirth  studied  an  epidemic  in  China  and  obtained 
short,  plump  rods  which  grew  acrobically  in  short  chains,  which  were  first  looked 
upon  as  diplococci.  P.  Th.  Miiller  saw  a  diplohaciUns  upon  which  he  did  not 
lay  much  stress  etiologically,  and  von  Prowezek  described  inclusions  in  leu- 
cocytes which  he  regarded  as  protozoa,  it  is  liardly  worth  wliilc  at  the  present 
time  to  describe  in  detail  the  many  different  fiinHngs  that  have  lieen  reported, 
since  in  few  of  them  is  there  sulTieient  evidence  to  enable  us  to  come  to  con- 
clusions. 

In   1914  Plot/.'-  described  a  short  Gr.'im  ]')ositivc  bacillus  which  he  olitained 
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by  anaerobic  cultivation,  witb  much  regularity,  from  cases  of  P.rill's  disease 
at  the  Mt.  Sinai  Hospital,  New  York,  and  which  has  been  made  the  subject 
of  considerable  study  by  Plotz,  Olitsky  and  Baehr.^  They  have  obtained  the 
bacillus  again  and  again,  have  succeeded  in  obtaining  positive  agglutination  and 
complement-fixation  in  the  blood  of  endemic  typinis  cases  after  the  crisis,  and 
have  obtained  a  similar  bacillus  from  a  number  of  European  typhus  cases  which 
have  come  into  quarantine. 

The  method  of  cultivation  by  which  this  bacillus  is  obtained  is  relatively 
simple,  consisting  of  taking  blood  directly  from  a  vein  into  high  tubes  contain- 
ing glucose  agar  and  unhealed  and  unfiltered  ascitic  fluid  of  a  specific  gravity 
not  less  than  10,  15.  The  American  Red  Cross  Commission  which  went  to 
Serbia  during  the  last  typhus  epidemic — and  of  which  the  writer  was  a  mem- 
ber— attempted  to  work  along  the  lines  laid  down  by  Plotz  but  found  it  ex- 
tremely difficult  to  do  systematic  work  and  obtain  reliable  materials  under  the 
conditions  then  existing.  The  undersigned  obtained  an  organism  very  similar 
to  the  Plotz  bacillus  by  Plotz's  method  in  two  cases.  In  the  first  of  these  the 
organism  could  not  be  carried  further  than  the  second  generation,  and  in  the 
second  it  did  not  reach  America  alive.  Hopkins  obtained  a  similar  organism 
later  toward  the  end  of  the  epidemic,  which  is  still  under  cultivation.  How- 
ever these  organisms  were  found  so  rarely  in  spite  of  a  considerable  number  of 
blood  cultures  that  were  taken,  and  the  necessity  of  working  with  unsterilized 
ascitic  fluid  under  relatively  primitive  conditions  compelled  the  judgment 
that  these  isolated  findings,  though  pointing  somewhat  in  favor  of  Plotz's  or- 
ganism, could  not  be  taken  as  warranting  conclusions.  However,  of  the  many 
blood  cultures  taken,  the  smaller  number  were  taken  from  fresh  cases,  most 
of  the  ascitic  fluid  used  did  not  come  up  to  the  specifications  of  Plotz,  and  there 
is  no  doubt  about  the  fact  that  the  organism  described  by  Plotz  is  not  one 
that  is  easily  cultivated  unless  rich  ascitic  fluid  is  available. 

The  fact  that  the  Plotz  organism  has  been  cultivated  from  guinea-pigs  and 
monkeys  experimentally  inoculated  by  the  workers  at  Mt.  Sinai,  as  well  as  by 
Anderson,  is  further  evidence  in  favor  of  this  bacillus. 

Petruschky*  has  recently  cultivated  a  similar  but  aerobic  bacillus  from  sputum 
in  typhus  cases  and  Arnheim^  has  cultivated  an  organism  which  in  appearance 
and  staining  properties  is  not  unlike  the  Plotz  bacillus,  but  also  grows  aerobical- 
ly.  Arnheim  obtained  his  organism  from  six  cases,  on  ascitic  agar  plates,  on 
which  on  the  first  cultures  there  appeared  a  growth  hardly  visible  to  the  naked 
eye,  which  in  transplants  continued  to  grow  very  delicately.  He  states  that  his 
organism  is  not  unlike  that  of  Petruschky  and  that  he  obtained  it  out  of  the 
blood,  the  sputum  and  the  urine  of  typhus  cases. 

Judgment  on  all  these  many  different  findings  is  complicated  by  the  fact 
that  the  undersigned,  as  well  as  others,  has  found  that  typhus  cases  in  the 
later  stages  of  the  disease  are  often  secondarily  infected  and  streptococci  and 
other  organisms  can  occasionally  be  cultivated  from  the  blood  in  the  later  stages 
and  from  the  spleen  at  autopsy.  Moreover  the  fact  that  the  organisms 
most  persistently  described  are  in  appearance  and  staining  properties  so  simi- 
lar to  the  so-called  diphtheroids,  which  are  so  often  obtained,  with  doubtful 
etiological    significance,    from   lymphoid   tissues,   blood   and    ascitic    fluid   intro- 
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duces  an  element  of  doubt  which  should  lead  to  the  greatest  conservatism.  This 
applies,  of  course,  more  strongly  to  the  organism  isolated  by  Plotz,  in  which 
it  is  apparently  indispensable  to  use  unheated  and  unfiltered  ascitic  fluid.  How- 
ever, in  the  work  of  Plotz,  Olitski  and  Baehr,  this  element  seems  to  have  been 
very  carefully  controlled  by  many  blood  cultures  taken  in  nontyphus  cases  with 
the  same  ascitic  fluid  used  in  the  blood  cultures  taken  from  patients. 

Of  all  the  organisms  so  far  under  consideration,  that  of  Plotz  seems  to  be 
the  most  important,  but  final  judgment  must  await  results  obtained  in  the  work 
now  being  carried  on  by  Plotz  and  others  thoroughly  familiar  with  the  method, 
in  Europe  and  in  other  places. 

The  fact  that  the  organism  within  one  generation  seems  to  lose  entirely, 
_  or  almost  so,  its  virulence  and  that  so  far  vaccination  of  animals  has  not  pro- 
tected them  against  inoculations  with  the  virus  is  a  point  which  justifies  rea- 
sonable doubt.  On  the  other  hand,  failure  to  vaccinate,  or  even  to  actively 
immunize,  is  not  conclusive  proof  against  the  etiological  significance  of  an  or- 
ganism. It  seems  established  with  fair  definiteness  that  a  bacillus  like  that 
of  Plotz  can  be  cultivated  from  many  cases  of  typhus  exanthematicus  and  there 
seems  to  be  a  strong  possibility  that  the  organism  causes  the  disease.  The 
work  that  has  been  done  on  it  has  been  done  with  great  care  and  a  desire  to 
get  at  the  truth,  and  the  work  at  present  being  continued  in  this  spirit,  with 
available  typhus  material  in  Europe,  probably  by  a  number  of  independent 
workers  familiar  with  the  disease  and  under  conditions  of  well  equipped  labora- 
tories, should  bring  conclusions  which  before  long  will  permanently  settle  the 
question  of  the  etiological  significance  of  the  Plotz  bacillus. 
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Tumor  Problems 

HE  fact  that  very  many  laboratory  workers  in  all  parts  of  the  world  are 
-■-  studying  tumors,  and  that  the  experimental  results  are  published  in  very 
many  journals,  many  of  which  are  inaccessible  to  men  who  are  not  spending 
most  of  their  time  in  laboratories  where  the  literature  is  accessible,  makes  a  gen- 
eral discussion  of  the  problem  of  cancer  research  of  considerable  value.  Such 
a  discussion  is  furnished  by  Ewing.^ 

Ewing  comments  at  some  length  upon  the  problems  presented  during  re- 
searches upon  the  transmissibility  of  animal  tumors.  A  prominent  problem,  he 
says,  is  whether  all  of  the  tissues  used  in  such  experiments  are  true  neoplasms, 
and  in  connection  w^tii  this  he  quotes  Virchow's  remark,  which  many  investi- 
gators and  students  forget,  to  the  efifect  that  no  one,  even  under  torture,  can 
state  exactly  what  a  tumor  is.  The  older  notion,  that  a  true  neoplasm  is  only 
viable  in  its  host,  we  now  know  is  not  true,  and  this  fact  makes  it  increasingly 
difficult  to  separate  the  infectious  growths  from  the  noninfectious.    The  morpho- 
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logic  criteria   (and  these  arc  practically  the  only  ones  we  have  as  yetj   of  mal- 
ignancy are  the  following : 

First,  and  most  important,  the  atypical  qualities  of  tumor  cells.  In  the  ab- 
sence of  other  characters  this  alone,  when  sufficiently  developed,  determines  the 
fact  of  malignancy.  The  degree  of  variation  from  the  normal  tyjje  of  cell  from 
which  the  growth  originates  is  what  one  means  in  this  instance. - 

Second, — the  loss  of  polarity.  In  normal  tissues  there  is  a  regular  rela- 
tionship of  the  cells  to  one  another,  or  to  basement  membranes,  which  is  lost'  as 
cells  become  atypical  and  take  on  malignant  characters. 

Third, — infiltration,  by  which  is  meant  the  power  of  invading  and  in  part 
destroying  the  invaded  tissue. 

Fourth, — metastasis,    which   is   usually   pathognomonic   of    malignancy,    but^ 
which  may  occur  in  almost  any  type  of  benign  growth. 

Fifth, — the  capacity  to  excite  the  growth  of  connective  tissue.  This  prop- 
erty denominated  desmoplastic,  is  not  constant. 

Sixth, — hyperplasia,  a  symptom  which  is  difficult  to  delineate  because  of 
the  grades  of  hyperplasia  which  result  from  irritation  and  functional  causes. 

Judged  by  these  criteria,  says  Ewing,  the  tumors  of  the  lower  animals 
are  true  neoplasms.  Speaking  of  the  Rous  chicken  sarcoma,  he  seems  to  have 
no  doubt.  The  fact  that  this  growth  can  be  transmitted  by  using  filtrates  from 
porcelain  filters,  is  interesting  but  not  conclusive  that  the  process  is  infectious. 
Experimental  criteria  for  neoplasms  include  bacterial  sterility  and  inability  to 
be  propagated  by  filtrates.  Rous'  tumors  are  sterile.  Ewing  believes  that  in  the 
case  of  these  tumors  one  is  dealing  with  a  chemical  transmissible  virus.  This 
point  of  view  in  its  application  to  tumors  is  an  exceedingly  interesting  one  for 
which  undoubtedly  much  might  be  said.  It  will  be  sufficient,  however,  to  merely 
mention  the  fact  that  there  is  in  the  work  on  "Vitamines"'  evidence  that  ex- 
ceedingly small  amounts  of  matter  may  be  able  to  produce  exceedingly  large  ef- 
fects, and  that  it  is  entirely  possible  that  in  the  case  of  tumors  there  is  a  sub- 
stance (or  substances)  which  even  in  infinitessimal  amounts  may  incite  cells  to 
growth  and  continuous  overgrowth.  It  is  possible  that  it  is  the  physical  condi- 
tion of  such  substances  which  accounts  for  their  activity  rather  than  the  mere 
chemical  structure. 

Ewing  calls  attention  to  another  point  of  view  that  deserves  accentuation. 
This  refers  to  the  possibility  of  variation  of  standards  for  animal  and  human 
tumors,  examples  of  which  possibility  he  cites.  He  refers  briefly  to  other  as- 
pects of  the  cancer  question,  such,  for  instance;  as  the  effects  of  constituents  of 
dietaries, — carbohydrates,  lime ;  and  to  the  efifects  of  x-rays  and  radium.  In 
speaking  of  the  influence  of  age,  he  refers  to  the  fact  that  whereas  cancer  has 
been  considered  a  disease  of  old  age,  nevertheless  young  animals  have  been  found 
to  furnish  a  better  soil  for  the  grow^ths  in  experimental  work.  He  refers  to  the 
problem  of  associated  lymphocyte  change  and  the  growth  of  tumors. 

This  review  of  cancer  problems,  Ewing  says,  inclines  him  to  believe  that 
each  neoplasm  should  be  considered  as  a  specific  disease,  each  type  differing  in 
its  etiology,  clinical  course  and  therapeutic  possibilities.  He  compares  the  neo- 
plasia as  a  group  with  the  infectious  diseases  as  a  group,  and  points  to  the  fact 
that  in  the  latter  the  general  features  may  be  alike  vet  the  causes  are  different. 
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We  might  note  especially  the  similarities  in  the  group  of  granulomas.  It  may 
indeed  be  possible  that  though  the  carcinomas  appear  alike,  they  are  etiologically 
dissimilar.  Perhaps  it  is  for  this  reason  that  excision  is  the  only  satisfactory 
method  we  have  yet  of  dealing  with  tumors,  and  that  other  therapeutic  measures 
have  failed  in  universal  useful  application. 
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Recent  Developments  in  the  Therapeutics  of  Lobar  Pneumonia 

IN  the  study  of  few  of  the  common  bacterial  infections  has  there  been 
more  cooperative  activity  of  recent  years  than  in  that  of  lobar  pneumonia. 
The  intensive  study  of  pneumococcus  immunity  by  Neufeld,  a  study  covering 
many  years  and  optimistically  continued  in  spite  of  many  discouragements,  final-, 
ly  yielded  important  results  in  1910.  Neufeld  and  Haendel  were  able  to  show 
that  an  important  element  in  the  failure  of  previous  workers  to  influence  pneu- 
mococcus infections  by  serum  therapy  had  depended  upon  the  fact  that  the 
pneumococcus  group  included  more  than  one  organism,  and  that  the  different 
types,  though  morphologically  and  culturally  entirely  alike,  were  serologically 
strictly  distinct.  The  antibodies  produced  in  an  animal  by  immunization  with 
one  strain  had  practically  no  activity  upon  cultures  of  another  strain.  In  con- 
sequence, no  serum  therapy  could  be  expected  to  exert  any  influence  unless  a 
serum  was  used  which  had  been  produced  with  a  strain  of  organisms  identical 
in  type  with  that  infecting  the  patient. 

This  line  of  investigation  has  been  followed  extensively  at  the  Rockefeller 
Hospital,  where  in  the  laboratory  of  Cole,  Dochez  and  Gillespie  succeeded  in 
making  a  preliminary  classification  of  pneumococci  into  four  types.  Type  i  and 
Type  II  are  apparently  well-defined  groups,  the  members  of  which  react  specifi- 
cally wnth  sera  of  their  respective  types.  Type  iii  is  the  pneumococcus  mucosus 
and  Type  iv  is  a  temporary  "attic"  into  which  heterogeneous  types  not  reacting 
with  sera  i  or  ii  and  not  interrelated  among  themselves  are  conveniently  stored 
for  the  present.  Types  i,  it,  and  in  have  been  found  to  be  associated  most  fre- 
quently with  disease,  whereas  T\i)e  i\',  tliougii  also  \  cry  common  in  pneumonia, 
is  nevertheless  less  common  than  the  preceding  and  apparently  less  serious  prog- 
nostically.  A  serun:  powerful  enough  to  influence  infections  with  T\  pe  i  has 
been  successfully  produced,  and  this  serum,  injected  intravenously,  while  ap- 
parently not  influencing  the  process  in  the  lung,  nevertheless  will  sterilize  the 
blood  and  therefore  exert  a  piiwer fully  licneficial  action  in  severe  cases.  Al- 
though the  serum  treatment  of  Type  i  pneunKmia  is  still  more  or  less  in  the 
experimental  stage,  it  is  being  extensively  used  at  tlie  Rockefeller  Hospital  anil 
in  other  hospitals  which  have  access  to  the  serum  there  produced.  .And  since 
in  the  opinion  of  Cole  and  others  who  have  employed  it.  the  use  of  the  serum 
represents  a  probably  \ery  important  advance  in  tberapw  it  becomes  very  im- 
portant for  hospital  laboratories  and  practitioners  of  medicine  to  be  familiar  with 
the  method  at  i)resent  in  use   for  tlie  determination  of  the  pneumococcus  type. 
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The  method  at  present  in  use  and  based  on  the  work  carried  out  at  the  Rocke- 
feller Hospital  is  as  follows : 

The  patient  is  required  to  wash  out  his  mouth  with  some  antiseptic,  and 
then  expectorate  sputum,  obtained  by  coughing,  into  a  Petri  dish.  The  sputum 
is  washed  by  lifting  it  through  a  series  of  watch  glasses  containing  sterile  salt 
solution,  is  then  ground  in  a  mortar  wich  a  little  salt  solution,  and  the  even 
emulsion  so  obtained  is  injected  intraperitoneally  into  a  white  mouse.  A  fine 
needle  is  carefully  introduced  upward  and  inward  from  just  above  Poupart's 
ligament.  Puncture  of  the  liver  may  be  avoided  in  this  way.  The  pneumococci 
develop  in  the  peritoneum,  and  after  four  to  eight  hours  the  mouse  is  killed 
and  the  peritoneal  cavity  carefully  washed  with  salt  solution  by  means  of  a 
capillary  pipette.  The  washings  are  placed  in  a  centrifuge  tube  and  certifugal- 
ized  at  low  speed  for  several  minutes  to  bring  down  leucocytes.  The  supernatant 
fluid  is  then  centrifugalized  at  high  speed  and  the  pneumococci  so  obtained  are 
resuspended  in  salt  solution.  This  suspension  is  added  to  equal  parts  of  the 
sera  of  Types  i  and  ii  in  dilutions  of  1  to  2>^  and  1  to  10,  with,  of  course,  proper 
controls  and  a  bile  test  to  determine  bile  solubility.  Agglutinations  can  also  be 
made  later  with  broth  cultures  made  from  the  mouse's  heart's  blood  or  peritoneal 
exudate. 

The  agglutinations  can  be  confirmed  by  protection  experiments  in  mice,  but 
this  is  usually  unnecessary  in  hospital  work,  since  the  agglutinations  sharply  de- 
termine whether  the  organisms  belong  to  Type  i  or  ii,  or,  by  elimination,  to  Type 
IV.  If  of  Type  i,  serum  treatment  can  be  instituted.  In  the  case  of  Type  ii,  it 
is  not  improbable  that  such  treatment  may  be  possible  in  the  near  future.  If 
the  organism  belongs  to  Type  iv,  a  certain  amount  of  prognostic  information  is 
gained.  _//  z. 
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THE  mechanism  of  diuresis  is  unsolved,  probably  because  the  mechanism 
of  urinary  secretion  is  unsolved.  It  may  perhaps  be  possible  that  light 
upon  this  subject  may  be  shed  by  studying  diuresis  and  applying  the  discovered 
facts  to  urinary  secretion. 

It  has  been  assumed  that  during  the  secretion  of  urine  a  protein-free  aque- 
ous solution  of  salts  is  formed  in  the  glomeruli  and  that  this  solution  in  its 
passage  through  the  renal  tubules  becomes  concentrated  by  reabsorption  of  water, 
and  by  the  addition  of  urea,  uric  acid  and  certain  salts. ^  It  has  been  assumed, 
on  the  one  hand,  that  the  fluid  in  the  glomeruli  is  a  pure  filtrate,  or,  on  the  other, 
that  it  is  formed  as  an  expression  of  secondary  activity  of  the  glomerular  epi- 
thelium. The  one  assumption  necessitates  the  action  of  pressure;  the  other 
postulates  a  factor  or  factors  of  which  nothing  is  known,  unless  we  engraft 
upon  it  a  physicochemical  conception  w^hich  takes  account  of  absorption.  Against 
the  filtration  theory  stands  the  fact  that  there  never  is  sufficient  pressure  dif- 
ference to  permit  of  rapid  enough  transmission  of  water  from  a  colloidal  sys- 
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tern  like  the  blood,  through  a  colloidal  membrane  such  as  the  glomerular  capil- 
lary walls. 

The  more  recent  conception  of  Fischer-  seems  for  the  present  at  least,  to 
take  account  of  all  the  conditions  in  a  more  satisfactory  manner  than  the  older 
theories.  According  to  Fischer,  urinary  secretion  depends  essentially  upon  the 
presence  of  free  water  in  the  blood  of  the  kidney;  that  only  when  the  water  is 
free  can  it  pass  the  colloidal  walls  of  the  renal  capillaries  or  tubules  under  the 
conditions  existing  in  the  kidney.  If  water  in  colloidal  combination  be  added  to 
the  blood,  as,  for  instance,  in  the  form  of  blood  serum,  urinary  secretion  is  not 
affected  to  any  appreciable  extent  no  matter  how  much  serum  is  introduced. 
This  is  the  basis  of  Hogan's  treatment  of  shock. ^  But  even  if  there  is  free 
water  in  the  blood,  little  of  it  will  pass  into  the  glomeruli  unless  the  chemical 
conditions  in  the  various  colloids  in  the  kidney  are  properly  balanced.  If  there 
is  too  much  acid  in  the  blood,  the  water  will  be  held  more  closely  to  that  fluid ; 
if  the  acid  content  of  the  blood  falls;  i.  e.,  if  the  oxygen  content  is  raised,  the 
water  will  become  free  for  excretion.  In  other  words,  it  is  only  when  the  tis- 
sue of  the  kidney  which  borders  on  the  blood  has  a  relatively  higher  acid  con- 
tent than  the  blood  itself  that  water  can  be  taken  from  the  blood  and  started 
in  its  excretory  path.  If  the  blood  flow  through  the  kidney  is  slow  and  the 
oxygen  content  is  low,  secretion  also  will  be  low ;  if  it  is  rapid,  and  the  blood 
is  well  aerated  in  the  lungs,  the  oxygen  content  of  the  arterial  blood  in  the 
kidney  will  increase,  the  acid  content  will  be  lower,  and  secretion  will  increase. 
The  diuretic  drugs,  such  as  caflfeine,  act  by  increasing  the  arterial  flow  through 
the  kidney.  The  diuretic  salts  act  by  counteracting  the  effects  of  acids  in  the 
tissues.* 

If  the  colloidal  theory  of  secretion  is  true,  then  all  substances  which  pro- 
duce diuresis  must  do  either  or  both  of  two  things ;  they  must  increase  the  ar- 
terial blood  supply  through  the  kidney,  or  they  must  act  in  a  physicochemical 
way  upon  the  renal  colloids  and  cause  them  to  give  up  water, 

Cow^  has  recently  observed  that  physiologic  amounts  of  saline  solutions,  in- 
jected into  the  blood  stream,  produce  no  increase  in  diuresis,  while  if  the  same 
amounts  are  given  by  moulh  a  diuresis  occurs.  This  led  him  to  suggest  that 
the  water  taken  by  moulh  accumulated  some  substance  from  the  mucosa  of  the 
gastrointestinal  tract,  which  had  a  diuretic  effect,  and  that  that  substance,  di- 
rectly or  indirectly,  is  largely  concerned  in  the  production  of  diuresis.  He  ob- 
served that  extracts  of  duodenal  mucous  membrane,  when  used  for  perfusing 
the  kidney,  caused  a  diuresis,  provided  the  perfusion  fluid  previously  had  been 
pressed  through  the  vessels  of  the  head  and  neck.  Passage  through  a  head- 
less animal  was  ineffective.  These  observations  suggested  that  the  pituitary 
secretion  played  a  part  in  the  problem.  HMie  process,  as  Cow  conceives  it,  would 
Ijc  something  like  this, — water  enters  the  gastrointestinal  tract  and  during  ab- 
sorption takes  something  from  the  mucosa  of  the  duodenum.  This  in  turn 
is  carried  to  the  pituitary  which  is  stimulated  to  produce  its  substance  which 
has  an  effect  upon  the  urinary  secretion.  This  is  an  interesting  contribution 
which,  as  has  been  suggested"  recalls  the  mechanism  of  pancreatic  secretion. 
But  after  all  it  merely  states  the  possibility  that  extracts  of  duodenal  mucous 
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membrane  may  have  an  effect  in  causing  the  pituitary  to  secrete.  Emotions  of 
one  or  another  type  or  grade  may  do  the  same  thing.  It  helps  the  pnjblem  of 
renal  secretion  not  at  all.  It,  however,  seems  to  emphasize  the  fact  that  renal 
secretion  is  a  chemical  problem  and  that  it  does  not  depend  upon  the  nerves. 
In  partial  support  of  this  stands  the  work  of  Pearce  and  Carter'  who  have 
shown  that  so  far  as  the  vagus  is  concerned,  the  oxygen  consumpti(jn  of  the 
kidney  is  not  changed  by  stimulation  of  that  nerve.  This  work  also  shows  that 
renal  activity  is  primarily  dependent  upon  the  use  of  oxygen. 
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Chloroform  Necrosis  of  the  Liver. 

IT  has  been  known  for  some  time  that  chloroform  necrosis  may  be  followed 
by  pathologic  changes  in  the  liver,  and  by  a  series  of  symptoms  which  simulate 
acute  yellow  atrophy.  It  is  known  from  the  writings  of  W'ells,^  \\'hipple,'  Gra- 
ham'^ and  others,  that  these  changes  depend  upon  the  fact  that  chloroform  re- 
duces the  oxidation  processes  of  the  body.  In  connection  with  the  work  upon 
this  subject  it  was  reported  first  by  Whipple-  that  whereas  adult  experimental 
animals  were  susceptible  to  chloroform,  and  became  the  subjects  of  chloroform 
liver  necrosis,  young  animals,  i.e.,  ones  within  three  weeks  of  age,  were  not  sus- 
ceptible. Graham*  has  attempted  to  discover  why  there  is  this  difference  be- 
tween adult  and  young  animals.  He  has  been  able  to  corroborate  A\'hipple's  ob- 
servation of  the  relative  insusceptibilit)^  of  pups,  and  feels  that  he  has  evidence 
that  this  insusceptibility  is  due  to  the  glycogen  content  of  the  livers  of  the  ani- 
mals. This  evidence  depends  upon  the  fact  that  starvation  or  phlorhizination 
which  depletes  the  glycogen,  produces  pups  which  show  liver  necrosis  after  chloro- 
form ;  that  increasing  the  glycogen  content  of  the  liver  of  adult  animals  renders 
them  less  susceptible  to  chloroform  necrosis ;  and  that  in  well-nourished  pups 
the  glycogen  content  of  the  liver  may  be  as  high  as  9.07  per  cent. 

In  another  article  Graham^  shows  that  chloroform  necrosis  depends  upon 
the  formation  of  hydrochloric  acid  from  chloroform,  but  he  is  not  able  to  ac- 
count for  the  inhibitory  effects  of  glvcogen.  And  yet  the  experiments  which 
he  gives  are  convincing  and  lead  to  the  very  important  therapeutic  suggestion 
that  the  feeding  of  carbohydrates  to  adults  lessens  their  susceptibility  to  liver 
necrosis  by  chloroform. 
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POISONOUS  PROTEINS* 


By  Victor  C.  Vaughan,  M.  D.,  Ann  Arbor,  Mich. 


IXTRODUCTION. 


ORIGIN  of  Proteins. — In  nature  all  proteins  are  the  products  of  life  and  each 
kind  of  living  molecule  elaborates  and  contains  its  own  specific  protein. 
Some  forms  of  life  are  capable  of  constructing  their  proteins  out  of  inorganic 
matter,  while  others  can  utilize  only  that  which  has  been  built  up  by  other  cells 
into  protein  material.  Plants  take  the  ammonia,  nitrates  and  nitrites  of  the  air, 
soil  and  water  and  by  synthetical  processes  convert  these  into  the  proteins  found 
in  their  tissues.  In  this  process  there  are  two  stages.  In  the  first  the  inorganic 
nitrogen  is  synthesized  into  amino  acids  and  in  the  second  these  are  combined 
to  form  proteins.  The  higher  animals  cannot  synthesize  inorganic  nitrogen  into 
amino  acids.  This  is  done  for  them  by  plants  and  to  some  extent  by  bacteria 
in  conjunction  with  plants.  By  the  symbiotic  action  of  certain  bacteria  and  plants 
even  the  free  nitrogen  of  the  air  is  drawn  upon  in  the  construction  of  vegetable 
proteins.  So  far  as  protein  metabolism  is  concerned  the  vegetable  world  is  the 
synthetical  or  constructive  laboratory  while  the  animal  is  the  analytical  or  de- 
structive machine.  The  plant  takes  the  smallest  parts  and  builds  them  up  into 
highly  complex  bodies,  while  the  animal  takes  the  complex  and  splits  them  into 
pieces  to  be  reconstructed  in  its  own  body.  In  a  general  way  the  above  state- 
ment is  true,  but  there  are  synthetical  processes  going  on  normally  in  the  animal 
Ijody  and  it  is  demonstrable  that  simple  proteins  may  be  built  into  more  com- 
l)lex  molecules  in  the  animal  body.  Mureovor,  it  is  certainly  true  that  in  man 
with  perfect  digestion  practically  all  ihc  nitrogen  of  the  food  is  absorbed  in  llic 
form  of  amino  acids.  The  animal  as  well  as  the  {ilant  is  a  synthetical  laboratory, 
but  the  new  material  used  ]>y  the  former  is  the  finished  product  of  the  latter, 
which  is  unravelled  and  then  w()\  en  intu  a  new  pattern  which  is  diO'erent  in  each 
species  of  animal. 

•The  Hciter  Lectures  for  1916  given   in  tlie  University  and   lUllevue  Medical   Scliool,   New   York. 
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There  are  as  many  kinds  of  proteins  as  there  are  kinds  of  living-  matter. 
Chemically  proteins  are  polymers  of  amino  acids.  The  amino  acids  demon- 
strated in  proteins  are  only  about  eighteen  in  number,  but  with  these  put  together 
in  an  almost  infinite  variety  of  ways,  we  get  an  unlimited  variety  of  products, 
just  as  with  only  twenty-six  letters  in  the  alphabet  there  is  no  end  to  the  making 
of  words.  The  simplest  proteins  consist  wholly  of  amino  acids.  These  com- 
bine with  inorganic  salts,  lime,  phosphorus,  iron,  etc.,  and  with  carbohydrates 
to  form  the  compound  proteins. 

All  living  things  not  only  contain  protein,  iiut  this  is  their  essential  constitu- 
ent.    The  living  protein  molecule  is  in  a  labile  or  active  state,  capable  of  trad-     { 
ing  in  energ}%  absorbing  and  eliminating;  never  in  a  condition  of  equilibrium. 
Dead  protein  is  in  a  state  of  rest ;  it  is  a  stabile    molecule  and  remains  in  equili- 
brium. 

BACTERIAL    PROTEINS. 

Material. — Fifteen  years  ago,  after  various  attempts  to  secure  bacterial  cellu- 
lar protein  in  large  amount,  I  succeeded  with  the  tanks  for  massive  cultures  which 
have  been  described  elsewhere.  The  growths  thus  obtained  arc  freed  from 
extraneous  matter  by  washing  with  dilute  alcohol  and  then  by  thorough  suc- 
cessive extractions  with  absolute  alcohol  and  ether.  The  cellular  substance  is 
ground  first  in  porcelain  and  then  in  agate  mortars,  and  passed  through  fine 
meshed  sieves.  AMiatever  the  bacterium  employed  the  product  is  a  fine  white 
powder.  The  dilute  alcohol  removes  the  extraneous  matter  mechanically  held 
by  the  growths  and  the  long  continued  extractions  with  alcohol  and  ether  re- 
move coloring  matters,  fats,  waxes,  and  other  less  known  bodies.  I  have  never 
made  a  close  study  of  these  extractives.  These  bacterial  powders  when  exam- 
ined microscopically  show  the  individual  cells  plainly,  especially  when  properly 
stained.  Even  the  chromogenic  bacteria  come  through  as  white  powders,  all  the 
color  being  removed  by  the  alcohol  and  ether.  The  freedom  of  this  cellular  ma- 
terial from  extraneous  matter  is  best  appreciated  from  the  fact  that  when  one 
gram  of  it  is  incinerated  there  is  no  trace  of  chloride  in  the  ash.  With  chloride 
of  sodium  in  the  culture  medium  and  considering  the  ease  with  which  traces 
of  chloride  are  detected,  this  indicates  a  surprising  degree  of  purity  in  the  ma- 
terial. The  significance  of  the  absence  of  chloride  will  be  discussed  later.  The 
cellular  protein  of  many  pathogenic  and  nonpathogenic  bacteria  has  been  ob- 
tained by  growth  in  the  tanks.  I  may  say  that  I  have  never  dared  to  grow  an- 
thrax bacilli  in  these  massive  cultures  and  have  contented  myself  so  far  as  this 
organism  is  concerned  with  the  less  abundant  growths  in  Roux  flasks.  For  ob- 
taining abundant  growths  of  the  tubercle  bacillus  the  tanks  are  less  suitable  than 
glycerine  beef-tea  cultures. 

Chemistry. — It  has  been  generally  assumed  that  bacteria  are  unicellular 
plants.  This  assumption  rests,  so  far  as  I  can  learn,  upon  early  statements,  such 
as  that  of  Pollender,  that  anthrax  bacilli  are  not  affected  by  strong  alkali  and 
this  has  been  interpreted  as  meaning  that  they  consist  largely  of  cellulose.  It  is 
true  that  certain  investigators  have  claimed  to  demonstrate  even  large  amounts 
of  cellulose  in  bacteria.  Hammerschlag  on  wholly  inadequate  evidence  estimated 
the  per  cent  of  cellulose  in  the  tubercle  bacillus  as  high  as  28.1.  DeSchweinitz 
and  Dorset  reduce  this  amount  to  6.95  per  cent,  but  hardly  accept  this  figure 
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themselves  since  they  conclude  that  cellulose  is  probably  present  in  small  amount 
in  the  tubercle  bacillus,  and  not  present  in  the  bacillus  of  glanders.  These  and 
other  investigators,  who  have  reported  the  presence  of  cellulose  in  bacterial  cellu- 
lar substances,  have  not  properly  distinguished  between  cellulose  and  other  car- 
bohydrates. Vincenzi  employing  proper  tests  failed  to  find  cellulose  in  the  cellu- 
lar substance  of  bacillus  subtillis,  but  did  find  a  nitrogenous  carbohydrate.  In 
our  work,  AMieeler  made  special  search  for  cellulose  in  sarcina  lutea.  Twenty 
grams  of  cell  substance  was  autoclaved  with  25  parts  (500  c.c.)  of  ten  per  cent 
potassium  hydroxide  at  120°,  first  for  thirty  minutes  and  then  for  an  hour.  There 
remained  a  considerable  residue  which  gave  none  of  the  protein  reactions,  did 
not  reduce  Fehling's  solution  even  after  prolonged  boiling  with  dilute  hydro- 
chloric acid,  but  did  respond  to  the  carbohydrate  test  with  alpha-naphthol.  Cellu- 
lose could  not  be  detected  by  any  known  test.  Schweitzer's  reagent  failed  to  dis- 
solve it  and  it  gave  no  color  with  iodine  even  after  treatment  with  sulphuric 
acid.  A  portion  was  dried  and  heated  with  soda  lime  when  it  evolved  a  gas 
which  turned  red  litmus  paper  blue,  thus  indicating  the  presence  of  nitrogen 
which  had  been  reduced  to  ammonia.  The  odor  of  burning  feathers  also  indi- 
cated the  presence  of  nitrogen.  From  these  results  we  conclude  that  there  is 
no  evidence  of  the  presence  of  cellulose  in  bacterial  cellular  substance.  Leach 
made  search  for  cellulose  in  the  cells  of  the  colon  bacillus  with  like  negative  re- 
sults. Like  Vincenzi  we  did  find  a  nitrogenous  carbohydrate.  This  is  chitin  or 
some  chitin-like  substance.  The  presence  of  chitin  in  bacterial  cell  substance 
has  been  reported  by  Ivanoff.  Emmerling,  Helbin,  Bulloch,  and  others. 

My  students  and  I  have  found  two  carbohydrates  in  bacterial  cellular  sub- 
stance. One,  referred  to  above,  is  combined  with  nitrogen,  is  not  soluble  in 
strong  alkali,  and  does  not  reduce  Fehling's  solution  even  after  prolonged  boil- 
ing with  dilute  mineral  acids.  The  second  carbohydrate  is  combined  with  phos- 
phorus, is  soluble  in  alkali,  and  does  reduce  Fehling's  solution  after  being  boiled 
with  dilute  mineral  acid.  In  the  unbroken  molecule  this  carbohydrate  undoubt- 
edly is  contained  within  the  nuclein  group.  If  the  presence  of  cellulose  be  es- 
sential to  plant  tissue,  bacteria  certainly  are  not  forms  of  plant  life. 

There  is  no  controversy  concerning  the  presence  of  nuclein  in  bacterial  cellu- 
lar substance  as  the  xanthine  bases  have  been  demonstrated  among  the  disrup- 
tion products  both  in  my  own  laboratory  and  elsewhere.  The  literature  on  this 
subject  is  too  extensive  to  permit  me  to  go  into  it  exhaustively  and  I  will  con- 
tent myself  witli  a  few  references.  Klebs  obtained  from  ihe  tubercle  bacillus  a 
nuclein  containing  8-9  per  cent  of  phosphoru>.  I'roin  tlie  same  organism  Ruppel 
separated  a  nuclein  containing  9.42  per  cent  of  phosphorus  which  he  designated 
tuberculinic  acid.  Levin  obtained  from  the  tubercle  bacillus  proteins.  nuClein. 
and  crystals  which  he  considered  a  niixUire  of  tli\niil  and  uracil,  also  cvstosin. 
Lustig  and  Galeotti  obtained  a  nucleoprotein  from  the  i)est  bacillus.  In  our  work 
the  presence  of  nuclein  bodies  was  plainly  in  evidence.  Leacli  obtained  from  the 
colon  cell  substance  a  bod}-  containing  7. Si  ])er  cent  of  phosphorus  and  both 
Leach  and  Wheeler  secured  evidence  of  the  jjieseiice  of  xanthine  base.«:. 

Ilacterial  cellular  substance  responds  to  all  the  [)roiein  reactions.  Proteins 
are  detached  from  the  substance  by  both  alkalis  and  acids,  hut  the  properties  of 
the  bodies  thus  obtained   indicate   that   they  are   split   products  obtained   by  the 
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cleavage  of  more  complex  molecules,  and  d'j  not  exist  free  in  the  cellular  sub- 
stance. Dilute  mineral  acid  splits  off  the  nitrogenous  carbohydrate  and  when 
this  extraction  is  carried  on  at  high  temperature  much  (if  the  second  carbohy- 
drate is  converted  into  a  reducing  substance.  The  acid  extracts  when  dropped 
into  a  large  volume  of  alcohol  give  a  precipitate  which  after  purification  by 
resolution  in  water  and  reprecipitation  with  alcohol  yields  more  than  seven  per 
cent  of  phosphorus.  The  line  of  cleavage  through  the  large  molecules  in  the 
cellular  substance  followed  by  acid  action  seems  to  be  definite  and  the  same 
products  are  obtained  with  one  per  cent  and  0.1  per  cent  sulphuric  acid.  More 
concentrated  acids  after  prolonged  heating  break  deeper  into  the  molecular  struc- 
ture and  cleave  the  biuret  bodies  with  the  liberation  of  amino  acids.  Wheeler 
and  Leach  have  made  special  studies  of  the  action  of  mineral  acids  on  bacterial 
cellular  substance.  Ten  per  cent  solutions  of  potassium  hydroxide  at  120°  ex- 
tract from  bacterial  cell  substance  everything  except  the  chitin-like  body  which 
consists  of  a  carbohydrate  combined  with  nitrogen. 

We  have  demonstrated  the  presence  in  bacterial  cellular  substance  of  both 
mono  and  diamino  acids  and  have  shown  that  the  percentage  of  these  varies  with 
the  microorganism.  A\'e  have  found  the  percentage  of  nitrogen  to  vary  from 
5.964  in  subtilis  to  11.765  in  violaceus. 

I  began  this  work  with  the  expectation  of  finding  the  bacterial  cell  sub- 
stance composed  of  relatively  simple  bodies.  I  have  been  compelled  to  come 
to  the  opposite  conclusion.  The  cellular  substance  of  bacteria  contains  highly 
complex  molecules.  We  have  demonstrated  the  presence  of  the  following  groups 
among  the  split  products:  (a)  a  chitin-like  body  consisting  of  a  carbohydrate 
combined  with  nitrogen.  It  seems  reasonable  to  infer  that  this  exists  in  the  cellu- 
lar substance  as  a  glyco-protein.  (b)  A  carbohydrate  group  combined  with 
phosphorus  from  which  it  is  not  easily  detached.  This  group  reduces  copper  af- 
ter prolonged  boiling  with  dilute  mineral  acid.  The  amounts  as  determined  by 
the  reduction  of  Fehling's  solution  and  calculated  as  xylose  are  large,  but  we 
are  not  sure  that  the  reducing  substance  is  all  carbohydrate.  Indeed,  it  might 
be  better  to  speak  of  both  of  these  groups  as  those  responding  to  the  Alpha- 
naphthol  test  rather  than  as  carbohydrates  and  to  distinguish  between  them  as 
nonreducing  and  reducing  bodies.  However,  it  seems  clear  that  the  one  now 
under  consideration  is  a  subgroup  in  the  nucleinic  acid  constituent  of  the  cell 
substance,  (c)  The  presence  of  nucleinic  acid  is  beyond  doubt,  as  is  shown 
by  the  high  phosphorus  content  of  some  of  the  split  products  and  by  the  demon- 
stration of  the  xanthin  bases,  (d)  That  one  or  more  protein  groups  exist  in 
the  cell  substance.  If  all  these  groups  exist  in  the  same  molecule  the  cell  sub- 
stance must  contain  a  highly  complex  molecule  which  would  be  best  designated 
as  a  glyco-nucleo-protein.  The  fact  that  these  bodies  are  removed  only  by 
agents  capable  of  causing  molecular  disruption  inclines  me  to  the  belief  that  the 
molecules  which  make  the  cell  substance  are  highly  complex.  It  may  be  said 
that  this  is  an  assumption  and  without  adequate  proof.  On  the  other  hand, 
such  a  statement  as  that  made  by  Doerr,  that  bacterial  proteins  are  of  simple 
molecular  structure  is  wholly  without  evidence.  Because  bacteria  are  simple 
morphologically  is  no  proof  that  they  are  made  up  of   simple  proteins.     This 
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certainly  is  not  true  even  if  it  should  prove  that  I  have  over-estimated  the  size 
•  >i  these  protein  molecules. 

Tamura  working  in  Kossel's  laboratory  has  made  a  contribution  to  the 
cliemistry  of  bacteria.  He  used  cellular  material  obtained  from  the  bacillus 
luberculosis  and  mykobacterium  lacticola  perrugrosum.  Both  of  these  were 
,^rown  in  glycerine-broth  cultures  for  five  weeks,  then  collected  on  filters  and 
washed  w^ith  ether  and  alcohol.  Tamura  states  that  all  the  fats  and  waxes 
cannot  be  removed  in  this  way  and  he  resorted  to  the  following  method :  After 
[lartial  extraction  with  ether  and  alcohol  the  bacterial  cells  were  rubbed  up  in 
a  mortar  with  two  parts  of  sulphuric  acid  and  one  of  water  and  from  this  mass 
extraction  with  ether  and  alcohol  was  continued.  From  these  extracts  Tamura 
iibtained  along  with  the  well  known  fatty  acids  diamino  monophosphatide,  a 
-ubstance  which  has  been  previously  found  in  egg-yolk,  muscle  and  brain.  Ta- 
mura thinks  that  this  body  has  been  mistaken  for  lecithin  by  other  investigators 
working  with  ether  and  alcohol  extracts  of  bacteria.  In  these  extracts  Tamura 
has  furthermore  detected  a  higher  alcohol,  which  he  names  "mykoF'  and  to  which 
the  "acid  fast"  properties  of  these  bacteria  are  due.  The  statement  that  the 
fats  and  waxes  including  the  phosphatide  and  "mykol"  cannot  be  removed  from 
the  tubercle  bacillus  with  alcohol  and  ether  without  previous  disruption  with 
strong  acid  is  erroneous.  In  our  work,  first  published  in  1908,  we  showed  that 
prolonged  extraction  of  tubercle  cell  protein  with  alcohol  and  ether  removed 
from  the  cells  the  substance  to  which  the  "acid-fast"  property  is  due.  We  ex- 
tracted first  with  alcohol  in  Soxhlets  for  four  days  and  then  with  ether  for  three 
days.  There  is  therefore  no  ground  for  the  assumption  by  Tamura  that  either 
the  phosphatide  or  the  "mykol"  are  in  chemical  combination  with  the  proteins  of 
the  cellular  substance.  It  is  much  more  reasonable  to  regard  them  as  substances 
either  on  their  way  to  assimilation  into  the  cell  molecules  or  as  excretory  prod- 
ucts. Tamura  says :  "My  investigations  show  that  the  presence  of  the  diamino- 
phosphatide  is  not  confined  to  the  higher  organisms."  This  is  another  assump- 
tion that  the  molecular  structure  of  bacterial  cells  is  simple  and  is  wholly  without 
justification.  It  is  additional  support  of  my  contention  that  chemically  the  bac- 
terial cell  is  highly  complex  and  should  not  be  regarded  as  a  primitive  form  of 
life.  Tamura's  work  on  the  cellular  proteins  strongly  supports  my  claim  that 
these  are  highly  complex  in  chemical  structure.  He  states  that  he  was  not 
able  to  extract  protein  from  the  cell  substance  with  water,  salt  solution,  or  one 
per  cent  sulphuric  acid,  and  that  even  with  alkali  a  portion  of  the  cell  substance 
remained  undissolved.  Surely  this  would  not  be  true  if  the  cell  substance  con- 
sisted of  simple  proteins.  He  also  obtained  the  nuclein  bases,  diamino  and  mono- 
amino-acids.  Of  the  last  mentioned  his  list  for  the  tubercle  bacillus  contains 
one  (prolin)  not  found  in  ours,  while  ours  contains  two  (glutamic  acid  and  leu- 
cin)  not  found  in  his.  Neither  found  glycocoll  in  the  tubercle  bacillus  while 
we  found  it  in  the  colon  bacillus. 

Tamura  concludes,  as  we  had  done  some  years  before,  that  bacterial  cellu- 
lar substance  contains  two  carbohydrate  groups,  but  the  one  which  we  have 
designated  as  chitin-like  body,  he  classifies  as  a  hemicellulose.  This  name  was 
proposed  by  Schultzc,  after  an  investigation  of  various  cell  membranes,  to  in- 
clude a  group  of  bodies,  "which  are  wholly  soluble  on  being  heated  with  dilute 
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alkalis.  In  the  cold  five  per  cent  sodium  hydroxide  dissolves  them  somewhat 
more  slowly."  And  yet  Tamura  classes  as  a  hemicellulose  a  body  which  remains 
in  the  residue  after  repeated  extraction  with  one  per  cent  sodium  hydroxide; 
besides  he  did  not  te>l  this  residue  for  nitrogen  but  seems  to  have  assumed  that 
this  element  was  not  present  since  the  body  did  not  respond  to  the  protein  re- 
actions. In  our  tests  this  body  remained  in  the  residue  after  heating  for  one 
hour  at  120'  w  itli  ten  per  cent  potassium  hydroxide,  and  did  not  give  the  protein 
reactions,  but  did  contain  nitrogen.  \\'c  know  of  no  nitrogenous  carbohydrates 
except  the  chitins. 

Tamura  reports  a  negative  test  for  sulphur  in  bacterial  proteins,  but  this  is 
due  to  faulty  technic,  since  Wheeler  has  shown  that  the  sulphur  is  masked  and 
does  not  respond  to  the  ordinary  tests,  but  its  presence  is  disclosed  when  a  por- 
tion of  the  substance  is  fused  with  metallic  sodium,  dissolved  in  water  and  treated 
with  a  freshly  prepared  solution  of  sodium  nitroprusiate ;  a  violet  color  indicat- 
ing the  presence  of  sulphur. 

\\'hile  the  "acid  fast"  and  "Gram  positive"  properties  of  certain  bacteria 
depend  upon  lipoids  which  arc  extracted  from  the  cells  by   alcohol  and  ether,    i 
the  cells,  after  exhaustive  extraction  with  these  solvents,  take  the  analin  dyes 
quite  as  well  or  even  better  than  before.     For  instance  the  extracted  tubercle  bac- 
illus stains  just  as  well,  or  even  better,  than  before  extraction  with  alcohol  and 
ether,  but  now  the  stain  is  easilv  removed  by  dilute  acid.     This  behavior  of  bac- 
terial  cellular  substance  towards  basic  analin  dyes  quite  naturally  suggests  that 
the  former  consists  largely  of  nuclear  material.     In  my  opinion  this  is  strength- 
ened by  the  studies  of  the  cellular  substance  which  I  have  outlined.     Additional 
evidence  in  the  same  direction  is  not  wanting.     When  sporogenous  bacteria  form 
spores  or  pass  into  the  resting  stage  the  essential  part  of  the  bacterial  cell  is 
contained  in  the  spores  and  all  spores  and  reproductive  cells  consist  in  part  at 
least  of  nuclear  material.     Certain  bacteria  which  do  not  form  spores  pass  into   j 
a  granular  state  in  which  potential  life  continues  for  a  long  time.     For  instance 
the  bacillus  of  glanders,  though  an  asporogenous  organism,  may  retain  viability 
for  a  long  time,     ^^'ladmirofif  states  that  he  found  these  organisms  in  glycerine-    , 
bouillon  tubes,  with  the  ordinary  cotton  plug  capable  of  growth  after  standing   ' 
four  years.     The  same  is  true  of  the  plague  bacillus.     This  phenomenon  is  ex- 
plainable only  on  the  assumption  that  these  bacilli  contain  nuclein.     However,  as-    ' 
sumption  is  no  longer  necessary  since  nuclein,  nucleinic  acid  and  their  derivatives 
have  been  found  in  all  bacterial  cells  submitted  to  chemical  study.     I  am  strongly 
of  the  opinion  that  the  bacterial  cellular  substance  as  I  have  prepared  and  studied 
it,  freed  from  the  extractives  soluble  in  water,  salt  solution,  alcohol  and  ether,  is 
practically  all  nuclear  material. 

Some  years  ago  A.  B.  iMacallum  by  microchemical  methods  showed  that 
nuclei  are  free  from  chlorine.  His  statement  is  as  follows :  "Intercellular  ma- 
terial and  structures,  including  the  so-called  cement  substance  of  von  Rechling- 
hausen  are  rich  in  chlorides  but  normal  nuclei  of  animal  and  vegetable  cells  are 
absolutely  free  from  them."  When  my  coworkers  found  no  chlorine  in  the 
ash  of  our  cellular  substance  I  thought  that  this  must  be  due  to  careless  work. 
I  could  not  believe  that  with  the  chlorides,  especially  sodium  chloride,  as  abun- 
dantly distributed  as  they  are,  they  could  not  be  wholly  wanting  in  this  material, 
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I'Ut  repeated  examinations  confirmed  the  first  finding.  The  finding  of  chlorine 
would  not  have  been  a  conclusive  evidence  that  the  material  is  not  wholly  nu- 
clear, but  the  failure  to  find  any  trace  of  this  element  I  regard  as  most  con- 
\  incing  evidence  that  it  is  wholly  nuclear.  Furthermore,  Macallum  found  that 
the  phosphorus  and  iron  in  nuclear  material  are  masked,  that  is,  they  cannot  be 
detected  without  more  or  less  marked  disruption  of  the  molecule.  This  is  true 
of  our  cellular  substance.  I  may  recall  the  further  fact  that  the  sulphur  is  so 
masked  that  even  in  the  laboratory  of  so  eminent  a  chemist  as  Kossel  it  was 
not  detected  in  bacterial  cellular  substance.  It  is  well  known  that  in  proteins 
sulphur  exists  in  two  forms,  one  being  readily  split  off  with  dilute  alkali  forming 
a  sulphide,  while  the  other  is  obtained  only  when  the  disruption  of  the  protein 
molecule  is  carried  much  further.  The  former  is  w'anting  and  the  latter  present 
in  our  cellular  substance.  I  do  not  suppose  that  all  nuclear  material  has  the 
same  elemental  constituents,  indeed,  it  is  not  supposable  that  this  is  true,  but  the 
above  facts  seem  worthy  of  consideration. 

The  laborious  and  valuable  researches  of  Macallum  have  shown  that  non- 
nucleated  organisms,  such  as  cyanophycea,  beggiota  and  yeast  cells,  contain  nu- 
clein,  and  this  is  probably  true  of  every  cell  which  is  capable  of  reproduction. 
We  are  no  longer  quite  willing  to  accept  the  dictum  of  Schultze,  Hertwig  and 
others  that  every  cell  must  contain  a  morphologically  recognizable  part,  known 
as  a  nucleus.  We  may  insist  upon  the  presence  of  nuclear  matter,  but  not  of 
nuclei.  Some  morphologists  have  seen  the  necessity  of  altering  our  conception 
of  a  cell.  Bourne  has  proposed  that  Schultze's  definition  be  changed  to  read : 
"A  cell  is  a  corpuscle  of  protoplasm  which  contains  a  specialized  element,  nu- 
clein." 

It  should  be  understood  that  the  cellular  substance  which  I  have  been  dis- 
cussing is  not  identical  with  that  which  exists  in  the  living  multiple  bacteria. 
The  latter  consists  of  the  former  with  the  addition  of  all  the  extractives  which 
I  have  removed  by  the  solvents,  such  as  water,  dilute  alcohol,  absolute  alcohol 
and  ether.  The  living  bacillus  has  been  stripped  of  all  its  surrounding  food 
supplies,  its  accumulated  excretory  products  and  its  storehouse  of  fats,  waxes, 
etc.  I  have  a  strong  suspicion  that  in  some  of  our  bacterial  reactions,  notably 
with  precipitins  and  agglutinins,  these  extractives  are  concerned,  while  the  cellu- 
lar constituents  have  no  direct  part.  The  active  constituents  of  the  culture,  the 
agglutinable  substance,  is  not,  in  my  opinion,  an  essential  constituent  of  the  bac- 
terial cells,  but  consists  of  one  or  more  proteins  closely  associated  with  the  bac- 
terial cells.  It  may  be  a  protein  already  split  ofT  from  the  surrounding  pabulum 
preparatory  to  absorption  and  assimilation,  or  it  may  be  an  excretory  product. 
My  reasons  may  be  stated  as  follows:  (1)  Agglutination  does  not  destroy  the 
viability  or  virulence  of  bacteria;  therefore,  the  reaction  docs  not  disrupt  the 
living  bacterial  cell.  (2)  Thoroughly  washed  typhoid  bacilli  are  not  agglutinable. 
(3)  When  typhoid  bacilli  are  thoroughly  shaken  in  salt  solution  so  as  to  re- 
move their  flagelhe  and  the  bacilli  are  deposited  in  a  centrifuge,  tlie  emulsion 
of  fiagellse  is  agglutinable.  (4)  Neufeld  has  shown  that  when  cholera  bacilli 
are  thoroughly  cleansed  by  being  shaken  with  one  per  cent  alkali,  which  docs  not 
destroy  them  and  only  washes  away  adherent  matter,  thcv  are  not  inagglutinable 
but  produce  no  agglutinin  when  injected  into  animals. 
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Agglutination  and  precipitation  are  closely  related  phenomena.  When  a 
bacterial  culture  is  filtered  some  of  the  proteins  about  the  cells  pass  into  solution 
and  constitute  the  precipitogen  while  some  of  the  same  class  of  near-cell  pro- 
teins remain  adherent  to  the  cells  and  constitute  the  agglutinable  substance  or  the 
agglutinogen. 

I  find  that  the  bacterial  cellular  substances  on  standing  undergo  autolytic 
cleavage.  We  are  just  now  examining  a  bottle  of  colon  cellular  substance  which 
was  prepared  ten  years  ago.  It  was  only  air  dried  and  contains  a  small  amount 
of  moisture.  When  freshly  prepared  water  or  salt  solution  extracted  no  pro- 
tein, now  one-third  the  nitrogen  passes  into  solution  when  the  substance  is  treated 
with  these  solvents. 

Poisonous  Action. — We  have  found  all  the  bacterial  cellular  proteins  poison- 
ous. Our  earlier  work  was  done  with  the  colon  cell  substance.  Since  all  of  these 
bodies  are  insoluble  in  water  or  salt-solution  it  has  been  necessary  to  administer 
them  in  suspension.  Early  studies  demonstrated  the  following  facts:  (1)  The 
poison  is  contained  within  the  bacterial  cell  and  does  not  under  ordinary  condi- 
tions difl:'use  into  the  culture  medium.*  It  is  true  that  old  cultures  may  con- 
tain soluble  poisons,  but  these  result  from  autolysis.  (2)  The  poison  is  not 
extracted  from  the  cellular  substance  by  w^ater,  saline  solution,  alcohol  or  ether, 
either  at  ordinary  temperature  or  at  the  boiling  point.  (3)  Heating,  even  to 
140°  in  the  autoclave  does  not  destroy  the  poison.  (4)  Dilute  (0.5  per  cent) 
solutions  of  caustic  alkali  disrupt  the  cellular  substance  slowly  and  imperfectly. 
Stronger  (2  per  cent)  solutions  break  up  the  cell  substance  and  render  the  poison- 
ous fraction  soluble.  (5)  Boiling  with  dilute  mineral  acid  (to  1  per  cent)  has 
but  little  effect. 

At  first  we  were  much  puzzled  by  the  fact  that  smaller  doses  killed  while 
larger  ones  failed  to  do  so.  This  was  observed  when  we  were  administering  the 
substance  by  intraperitoneal  injection.  Then  we  found  that  the  more  finely  the 
substance  was  ground  the  smaller  was  the  fatal  dose.  AX'hen  the  substance  was 
only  coarsely  ground  in  a  porcelain  mortar  and  suspended  in  water  it  did  not 
kill  guinea-pigs  on  intraperitoneal  injection  in  doses  less  than  1  to  40,000  parts 
body  weight.  When  the  same  powder  was  more  finely  ground  in  an  agate  mor- 
tar it  killed  15  out  of  16  animals  at  1  to  75.000;  9  out  of  28  at  1  to  100,000;  5  out 
of  8  at  1  to  200,000;  4  out  of  34  at  1  to  2,000,000  body  weight.  A\'e  observed 
that  when  heavy  suspensions  were  used  lumps  of  the  substance  remained  undis- 
solved in  the  peritoneal  cavity  after  death  or  recovery.  In  these  observations  we 
found  the  solution  of  our  puzzle.  The  poisonous  action  of  the  cellular  substance 
is  in  proportion  to  the  extent  to  which  and  the  rapidity  with  which,  it  is  split  up 
by  the  secretions  of  the  body  cells  and  this  cleavage  is  determined  by  the  rela- 
tive surface  exposure  of  the  substance  to  the  action  of  the  cleavage  agents. 
I  dare  say  that  the  difference  in  susceptibility  as  shown  among  the  individual 
animals  is  due  to  the  abundance  and  effectiveness  of  the  secretions  elaborated  by 
the  body  cells. 

As  has  been  said,  we  found  the  cellular  proteins  of  all  the  bacteria  studied 
more  or  less  harmful  to  animals  when  introduced  parenterally.     The  size  of  the 

*It  is  understood  that  we  are  speaking  of  cellular  poisons  and  not  of  bacterial  toxins. 
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dose  necessary  to  produce  a  fatal  result  varies  greatly  with  the  source  of  the  pro- 
tein. The  cellular  substance  of  bacteria  to  which  in  its  living  state  an  animal 
is  highly  susceptible  does  not  kill  that  animal  at  all  or  does  so  only  after  large 
doses.  We  have  injected  into  the  abdominal  cavities  of  guinea-pigs  the  cellular 
proteins  of  the  tubercle  bacillus  in  quantities  of  from  five  to  two  hundred  mg. 
without  causing  death  in  a  single  instance,  wdiile  on  the  other  hand  a  fraction  of 
a  mg.  of  the  protein  from  bacillus  prodigiosus  kills.  To  kill  a  guinea-pig  one 
part  of  the  cellular  substance  of  the  anthrax  bacillus  to  1,700  parts  of  body  weight 
is  necessary,  while  with  the  colon  substance  one  part  to  75,000  kills  all  animals 
provided  the  material  is  finely  ground.  In  general  it  may  be  said  that  the  more 
highly  susceptible  a  given  animal  is  to  infection  with  a  given  bacterium  the  more 
difficult  it  is  to  kill  that  animal  with  the  cellular  protein  of  that  bacterium.  On 
the  other  hand,  the  more  highly  immune  a  given  animal  to  infection  with  a  given 
bacterium  the  more  readily  does  that  animal  succumb  to  injections  of  the  cellu- 
lar proteins  of  that  bacterium.  At  first  sight  these  statements  seem  wholly  ir- 
rational, but  when  we  study  them  we  find  that  they  are  not  only  reasonable  but 
in  accord  with  what  might  have  been  reasonably  predicted  beforehand.  The 
guinea-pig  is  highly  susceptible  to  infection  with  the  tubercle  bacillus  because 
the  secretions  of  its  body  cells  have  no  destructive  action  on  that  organism.  This 
together  with  the  fact  that  the  bacillus  tuberculosis  can  feed  upon  certain  pro- 
teins in  the  guinea-pig's  body  are  the  essential  factors  in  the  susceptibility.  The 
infecting  bacillus  finds  an  abundance  of  suitable  food  and  meets  with  no  resist- 
ance. On  the  other  hand  the  guinea-pig  is  highly  immune  to  infection  w^ith  the 
bacillus  prodigiosus  because  the  animal's  body  cells  supply  secretions  which  are 
immediately  destructive  to  this  organism  and  the  first  of  these  bacilli  finding 
their  way  into  the  animal's  body  meet  with  immediate  and  complete  annihilation. 
But  when  the  prodigiosus  is  grown  in  vitro  and  a  sufficient  amount  of  its  cellu- 
lar substance,  dead  or  alive,  is  thrown  into  the  abdominal  cavity  the  same  agency 
which  has  given  the  animal  immunity  to  infection  now  causes  it  to  fall  a  victim 
to  the  protein  poison.  These  facts  are  of  practical  as  well  as  scientific  interest 
because  they  undoubtedly  form  the  basis  of  the  frequently  reported  and  well  at- 
tested observations  of  some  of  the  great  clinicians  of  the  past  that  the  case  mor- 
tality in  certain  infections,  most  notably  in  typhus  fever,  is  much  higher  in  the 
better  nourished  than  in  the  less  robust. 

As  I  have  indicated  the  cellular  proteins  when  introduced  parenterally  into 
animals  are  not  wholly  harmless  even  wlien  they  do  not  kill.  When  the  cellular 
substance  of  the  bacillus  tuberculosis  is  injected  into  the  abdominal  cavity  of  a 
guinea-pig  it  has  no  recognizable  efi"ect  so  far  as  the  l)ehavior  or  external  con- 
dition of  the  animal  shows.  The  dead  bacilli  arc  taken  up  in  the  folds  of  omen- 
tum and  develop  local  tubercles.  \\'hcn  the  cellular  substance  of  the  colon  bacil- 
lus is  injected,  a  peritonitis  results.  In  short,  the  lesions  which  follow  infections 
result  also  from  the  injection  of  the  dead  cellular  substance.  I  conclude  from 
this  that  the  lesions  of  the  infcctidus  are  n(M  iluc  to  the  acti\ity  of  ilie  li\  ing  bac- 
illi, but  result  from  reaction  between   the  bacterial  proteins  anil   the  body  cells. 

Split  Products. — In  1903,  Wheeler  and  I  found  that  the  bacterial  cellular 
proteins  could  be  split  into  poisonous  and  nonpoisonous  parts  and  later  we  showed 
that  all  true  proteins  can  be  broken  up  in  the  same  way.     This  work  has  been 
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confirmed  by  many  investigators.  There  are  several  ways  in  which  this  cleav- 
age can  be  secured,  but  the  most  satisfactory  is  the  one  which  we  first  employed. 
The  dried  protein,  after  exhaustive  extraction  with  alcohol  and  ether,  is  repeat- 
edly heated  at  78°  with  a  two  per  cent  solution  of  sodium  hydroxide  in  absolute 
alcohol.  When  this  is  done  the  poisonous  fraction  goes  into  solution  while  the 
nonpoisonous  part  remains  undissolved  and  is  removed  by  filtration.  This  is  evi- 
dently a  true  cleavage  and  not  a  mere  disintegration.  The  nonpoisonous  portion 
contains  all  the  carbohydrate  and  phosphorus  of  the  original  complex  molecule. 

Tlic  Protein  Poison. — Since  this  body  has  been  obtained  from  all  true  pro- 
teins, bacterial,  vegetable  and  animal,  so  far  examined,  we  have  called  it  "the 
crude  soluble  poison;"  "crude"  because  it  is  undoubtedly  a  mixture  of  chemical 
bodies  and  "soluble"  in  contradistinction  to  the  bacterial  cellular  proteins  from 
w^hich  it  was  first  prepared.  y\qucous  solutions  are  somewhat  opalescent,  and  may 
be  quite  turbid.  Filtration  through  hard  paper  generally  gives  a  clear  filtrate  but 
with  some  preparations  we  ha\e  found  filtration  through  porcekiin  necessary  to 
secure  a  perfectly  clear  solution.  All  the  crude  soluble  poisons  that  we  have 
obtained  give  the  biuret  and  Millon  tests.  None  give  the  Molisch  test,  thus 
showing  the  absence  of  carbohydrate.  Some  give  the  Adamkiewicz  and  Lieber- 
mann  tests  while  others  do  not.  This  test  is  believed  to  be  due  to  the  presence  of 
tryptophane.  The  fact  that  the  poisons  from  certain  proteins  do  not  respond 
to  these  tests  indicates  that  Doerr's  assumption  that  the  poisonous  action  is  due 
to  the  presence  of  this  group  is  without  support.  The  poison  gives  the  Millon 
test  most  strikingly  and  in  high  dilution.  This  test  is  believed  to  indicate  the 
presence  of  tyrosine  and  it  is  interesting  to  note  that  gelatine  which  contains  no 
tyrosine  does  not  yield  the  poison.  Aqueous  solutions  are  distinctly  acid  to  lit- 
mus and  this  reaction  is  due  to  some  organic  body.  Neutralization  with  alkalis 
and  alkaline  earths  weaken  the  action  of  the  poisons.  Poisons  from  some  pro- 
teins appear  to  form  definite  compounds  with  calcium  and  magnesium  and  at 
least  some  of  the  calcium  bodies  are  inert.  In  the  dr}'  state  the  protein  poison 
forms  a  brownish  powder  varying  somewhat  in  shade  with  the  protein  from  which 
it  is  obtained.  All  preparations  have  the  same  marked  odor.  It  is  much  more 
freely  soluble  in  absolute  alcohol  than  in  water.  \\'hether  it  should  be  called 
a  protein  or  not  is  a  question.  Proteins  should  not  be  soluble  in  absolute  alcohol. 
However  this  substance  gives  the  biuret  test  and  this  is  generally  regarded  as 
the  most  distinctive  test  for  proteins.  Its  alcoholic  solutions  are  precipitated  by 
alcoholic  solutions  of  copper,  mercury  and  platinum.  By  means  of  these  pre- 
cipitants  with  subsequent  removal  of  the  metal  with  hydrogen  sulphide,  we  have 
obtained  our  most  potent  preparations.  By  this  method  we  have  obtained  a  body 
which  kills  guinea-pigs  of  from  two  hundred  to  three  hundred  grams  weight  in 
doses  of  0.5  mg.  given  intravenously.  The  poison  is  not  an  alkaloid,  although 
it  may  be  basic  in  character. 

Action  on  Animals. — The  comparative  eflfects  of  the  living  bacillus,  the  dead 
cellular  substance  and  the  crude  soluble  poison  on  animals  was  first  worked  out 
by  V.  C.  Vaughan,  Jr.     The  organism  used  was  the  colon  bacillus. 

(a)  The  Living  Bacillus. — When  a  guinea-pig  receives  a  fatal  dose  of  the 
living  colon  bacillus  intraperitoneally  there  is  a  period  of  from  five  to  twelve 
hours,  varying  with  the  size  of  the  inoculation,  during  which  there  are  no  recog- 
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nizable  symptoms.  We  regard  this  as  the  period  of  incubation,  and  it  is  roughly 
proportional  to  the  amount  of  the  culture  used  and  to  some  extent  to  the  virulence 
of  the  organism  or  the  rate  at  which  the  bacillus  multiplies.  This  work  was 
done  with  a  bacillus,  1  c.c.  of  a  twelve  hour  or  older  bouillon  culture  of  which 
invariably  killed  within  twenty-four  hours.  When  this  amount  was  given  no 
effects  became  visible  for  a  period  of  from  ten  to  twelve  hours.  \\'ith  larger 
doses  the  period  of  incubation  was  somewhat  shorter,  but  with  the  largest  doses 
of  the  richest  cultures  there  is  still  a  period  of  incubation.  This  measures  the 
time  necessary  for  two  things  to  happen.  First  the  bacillus  must  multiply  suffi- 
ciently to  supply  enough  poison  to  visibly  affect  the  animal.  Second,  this  poison 
must  be  made  effective  by  being  split  out  of  the  large  molecule  of  which  it  is  a 
part.  Therefore,  while  the  period  of  incubation  is  not  accompanied  by  the  de- 
velopment of  symptoms  which  rise  to  the  plane  of  observation,  it  is  actually  a 
critical  period  in  every  infection  and  the  outcome  depends  upon  whether  the  bac- 
teria are  all  destroyed  before  a  lethal  dose  of  the  poison  has  been  developed  by 
the  multiplication  of  the  bacillus  and  set  free  or  made  effective  by  the  secretions 
of  the  body  cells.  It  is  during  this  period  that  natural  and  acquired  immunity 
either  save  the  day  or,  for  the  time  at  least,  fail.  In  natural  infection  the  num- 
ber of  bacilli  introduced  is  small  and  in  case  of  full  immunity  these  are  all  de- 
stroyed, there  is  no  multiplication  and  the  amount  of  poison  set  free  in  the  de- 
struction of  the  small  number  of  the  invaders  is  not  sufficient  to  induce  symptoms 
or  to  develop  lesions.  This  is  what  happens  when  the  smallpox  virus  finds  its 
way  into  the  body  of  one  thoroughly  immunized  by  a  previous  attack  of  the  dis- 
ease or  by  successful  vaccination.  When  the  immunity  is  onl)'  partial  or  when 
tlie  infection  is  massive  or  unusually  virulent,  the  virus  develops  for  a  time,  be- 
comes more  or  less  distributed  in  certain  tissues  and  its  final  destruction  is  ac- 
companied by  the  development  of  symptoms,  and  the  reaction  between  the  virus 
and  the  body  cells  leaves  more  or  less  marked  lesions,  ^\'hen  there  is  no  im- 
munity the  virus  multiplies  without  hindrance  and  life  is  destroyed.  There  are 
infections  in  which  the  body  shows  little  or  no  resistance.  Some  of  these  run 
an  acute  course  and  destroy  life  in  a  few  days,  while  others  are  more  chronic. 
This  seems  to  depend  upon  the  rate  of  multiplication  in  the  invading  organism. 
Apparently  there  is  relatively  as  much  dift'erence  in  the  rate  of  multiplication  in 
bacteria  as  there  is  among  the  higher  animals.  The  "generation  period"  or  the 
interval  between  fissions  varies  among  species  and  strains,  and  is  influenced  by 
external  conditions.  Virulence  is  largely  determined  by  rate  of  multiplication 
or  at  least  the  two  correspon^l.  Under  favorable  conditions  the  cholera  bacillus 
divides  about  every  half  hour.  So  far  as  I  know  no  one  has  determined  the 
"generation  period"  in  the  lubercle  bacillus,  but  it  is  certainly  much  longer.  It 
follows  that  cholera  is  an  acute  disease,  often  terminating  fatally  in  a  few  hours. 
^\•hile  tuberculosis  extends  through  months  and  e\en  years.  The  guinea-pig  shows 
no  resistance  to  the  tubercle  bacillus  rmd  the  organism  slowly  Init  steadiK"  grows, 
develops  its  characteristic  lesions  and  kills,  probably  through  its  autolytic  prod- 
ucts and  without  de\elf)ping  any  antagonistic  action  in  the  body  cells.  Rodents, 
especially  rats,  show  but  lillle  or  no  resistance  to  the  plague  bacillus,  except  in 
those  regions  where  this  disease  is  endemic  anil  there,  it  is  said,  this  disease  even 
among  the  rats  becomes  a  chronic  infection. 
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Our  intraperitoneal  infection  of  the  guinea-pig  is  comparable  with  tlie  de- 
velopment of  a  general  peritonitis  from  a  ruptured  appendix.  The  period  of  in- 
cubation is  short  and  while  there  may  be  some  elevation  of  temperature,  this  is 
not  marked  or  even  constant.  During  the  period  of  incubation,  when  the  bacilli 
are  abundantly  multiplying,  the  behavior  of  the  animal  in  no  way  distinguishes 
it  from  its  untreated  fellows,  but  at  the  end  of  this  period  there  is  a  marked 
change.  The  animal  no  longer  eats;  its  coat  becomes  rough;  its  head  droops; 
it  sits  in  one  corner  of  the  cage  in  a  stupor;  its  abdominal  walls  become  rigid 
and  pressure  over  this  region  elicits  evidence  of  pain.  Now,  its  temperature  be- 
gins to  fall  and  this  decline  is  progressive  in  fatal  cases.  We  have  frequently 
seen  the  temperature  fall  from  101°  to  94°  in  from  two  to  four  hours  and  it 
may  reach  85°  and  even  lower  before  death.  A  rise  in  temperature  after  it  be- 
gins to  fall  generally  means  recovery.  Autopsy  reveals  a  general  hemorrhagic 
peritonitis  with  a  large  amount  of  bloody  fluid  with  intact  red  corpuscles  and 
leucocytes  in  the  peritoneal  cavity.  The  parietal  and  visceral  peritoneum  are 
studded  with  minute  punctiform  hemorrhages  and  there  is  more  abundant  hem- 
orrhage in  the  great  omentum.  The  chemotactic  pull  of  the  bacilli  has  been  not 
only  great  enough  to  assemble  great  numbers  of  leucocytes,  but  violent  enough 
to  rupture  small  blood  vessels. 

(b)  The  Cellular  Proteins. — When  a  fatal  quantity  of  the  cellular  protein 
of  the  colon  bacillus  is  injected  into  the  peritoneal  cavity  of  a  guinea-pig  the 
progress  of  events  is  exactly  like  that  following  infection  with  the  living  organism 
except  that  the  period  of  incubation  is  shortened.  There  is  no  longer  either  op- 
portunity or  need  for  the  multiplication  of  the  bacillus.  This  has  taken  place 
in  vitro  and  enough  of  the  protein  to  kill  has  been  introduced.  One  of  the  fea- 
tures that  characterize  and  mark  the  period  of  incubation  has  been  withdrawn. 
It  only  remains  for  the  body  cells  by  means  of  their  secretions  to  cleave  the  bac- 
terial protein  and  set  the  poison  free.  The  period  of  incubation  is  reduced  half 
or  more,  then  the  evidences  of  poisonous  action  are  exactly  the  same  as  in  the 
inoculated  animal.  The  temperature  falls  at  the  same  rate  and  autopsy  reveals 
exactly  the  same  lesions.  The  chemotactic  pull  of  the  dead  protein  has  proven 
just  as  strong  and  just  as  violent  as  that  of  the  living  protein.  In  fact  the  pull 
in  both  instances  is  a  chemical  and  not  a  vital  one  and  the  lesions  result  from 
a  reaction  betwen  the  proteins  of  the  bacterial  cells  and  those  of  the  body  cells. 

(c)  The  Soluble  Poison. — When  a  fatal  dose  of  the  crude  soluble  poison 
is  injected  into  the  peritoneal  cavity,  the  effects  begin  to  reveal  themselves  much 
sooner.  There  is  now  no  period  of  incubation.  Both  steps,  which  have  char- 
acterized this  period,  are  now  omitted.  The  bacillus  has  been  grown  and  has 
been  cleaved  in  vitro.  The  action  of  the  poison  begins  to  manifest  itself  within 
a  few  minutes — from  five  to  twenty — and  it  appears  in  three,  well  marked  stages : 
The  first  we  have  designated  as  that  of  peripheral  irritation.  In  the  guinea-pig 
it  is  manifest  by  the  animal  scratching  itself,  generally  first  on  the  nose  and  then 
over  every  part  of  the  body  which  can  be  reached  by  its  claws.  In  man  an  ery- 
thematous blush,  beginning  about  the  point  of  injection,  spreads  over  the  body 
and  may  be  followed  by  an  urticarial  rash  with  intense  itching.  This  is  not  al- 
ways confined  to  the  cutaneous  surface,  but  may  extend  to  the  mucous  membrane 
of  the  mouth,  throat  and  rectum.     The  second  stage  is  one  of  partial  paralysis. 
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The  guinea-pig  lies  on  its  side,  with  rapid,  shallow  and  diffic^ilt  breathing.  When 
urged  to  move  it  shows  inability  to  coordinate  its  movements  and  partial  paralysis 
is  evident,  especially  in  the  posterior  extremities.  In  man  the  breathing  becomes 
distressingly  asthmatic.  Air-hunger  is  marked  and  there  is  a  sense  of  impend- 
ing danger.  The  convulsive  stage  marks  the  termination.  The  convulsions  are 
usually  clonic  and  at  first  generally  involve  only  the  neck  muscles,  the  head  be- 
ing thrown  back.  The  seizures  extend  over  the  body,  becoming  more  frequent 
and  violent.  During  a  convulsion,  occasionally  in  an  interval,  respiration  ceases. 
The  heart  continues  to  beat,  at  first  with  no  acceleration  and  with  perfect  regu- 
larity. The  exact  mode  differs  somewhat  in  different  animals,  but  is  always  that 
of  anaphylactic  shock.  Necropsy  shows  the  same  conditions  found  after  death 
from  anaphylactic  shock.  The  peritonitis  found  after  death  from  inoculation  or 
from  the  injection  of  the  unbroken  cellular  protein  is  wholly  wanting. 

When  a  nonfatal  dose  of  the  soluble  poison  is  administered,  the  symptoms 
are  those  described  above  as  characterizing  the  first  and  second  stages.  There 
may  be  isolated  and  slight  convulsive  seizures,  but  an  animal  seldom  recovers 
after  the  convulsions  have  become  general  and  frequent.  A\'ith  recovery  the 
temperature  slowly  rises  and  ultimately  returns  to  normal.  Within  two  hours 
the  animal  is  apparently  quite  normal  in  every  respect. 

(To    be   continued.) 
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IN  a  previous  article^  1  Iiave  described  a  closed  method  for  the  administration 
of  nitrous  oxide  and  otlicr  anesthetics  in  conjunction  u  illi  oxygen.  In  iht 
present  instance  I  want  to  discuss  certain  features  of  the  pharmacological  action 
of  nitrous  oxide  as  studied  by  this  method.  Xo  morphine,  scopolamine  or  other 
hypnotic  has  been  used  in  any  of  these  experiments. 

I  may  refer  briefly  to  an  improved  form  of  apparatus  which  I  have  used 
in  these  experiments  (Fig.  1).  A  rotary  pump  of  less  capacity  than  that  used  in 
the  device  previously  described  is  attached  to  a  very  much  smaller  and  more 
compact  frame.  The  chief  object  in  this  has  been  to  simi)lify  the  apparatus  and 
to  reduce  its  size  and  weight.  A  number  of  valves,  tubes,  etc.,  shown  in  the 
illustration  have  been  found  by  experience  to  be  unnecessary,  but  in  the  ex- 
perimental development  of  the  device  they  were  included  as  precautionary  meas- 
ures. The  apparatus  carries  only  two  tanks,  one  for  oxygen  and  one  for  nitrous 
oxide,  for  experience  has  shown  that  since  tanks  need  be  renewed  only  at  con- 
siderable intervals,  and.  if  the  breathing  bag  be  filled  moderately  full  at  the  mo- 
ment when  either  tank  becomes  exhausted  there  will  be  ample  time  to  remove 
the  empty  tank  and  replace  it  by  a  new  one  before  a  fresh  supply  of  the  gas 
(generally  oxygen,  of  course)  is  required.  Realizing  the  great  value  of  sim- 
plicity and  lightness  in  any  form  of  apparatus  intended  for  constant  use,  I  have 
speftt  much  time  and  energy  in  trying  to  produce  as  simple  a  device  as  possible. 
It  is  perfectly  evident  that  the  apparatus  here  shown  is  much  more  complicated 
than  it  need  be,  but  for  the  benefit  of  others  who  may  be  interested  in  the  sub- 
ject of  nitrous  oxide  anesthesia.  I  have  thought  it  worth  while  to  include  here 
an  illustration  of  the  apparatus  with  which  much  of  the  work  discussed  below  i 
has  been  carried  out.  For  a  description  of  the  general  principles  on  which  the  ] 
device  is  operated  I  must  refer  the  reader  to  the  article  indicated  above.  I  may  j 
state  briefly,  however,  that  by  means  of  a  motor  and  a  rotary  air  pump,  air  or 
other  gaseous  or  volatile  substances  (chiefly  nitrous  oxide  and  oxygen  so  far  as 
the  present  article  is  concerned)  are  kept  circulating  within  a  closed  system  of  ] 
tubes  and  vessels,  and  through  a  breathing  bag  into  and  out  of  which  the  animal 
breathes. 

The  vessels  are  two  in  number  and  consist  of  glass  jars,  the  one  containing 
sulphuric  acid  which  serves  to  sterilize,  dry  and  warm  the  air  (or  gases)  which 
are  washed  through  the  acid,  while  the  other  jar  contains  sodium  hydrate  solu- 
tion through  which  the  air  or  gases,  including  the  exhaled  COo  from  the  patient 
are  washed.  The  CO,  is  immediately  absorbed  by  the  sodium  hydrate  forming 
sodium  carbonate  and  water  according  to  the  following  equation : 

2  Xa  OH  -f  CO,  =  Xa,  CO3  -f  H,0.  . 

The  sodium  carbonate  being  a  soluble  salt  of  course  remains  in  solution  (to- 
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gether  with  the  H.O  formed)  in  the  jar,  the  COo  being  thus  removed  from  the 
air  (or  nitrous  oxide  and  oxygen)  which  the  animal  breathes.  During  this  proc- 
ess the  oxygen  is  consumed  (250  to  300  c.c.  per  minute  for  an  adult  man  at  rest) 
by  the  animal  or  patient.  More  oxygen  is  injected  into  the  system  from  time 
to  time  in  just  such  quantities  as  the  animal  actually  consumes.  The  nitrous 
•oxide,  being  a  stable  gas,  is  not  broken  down  at  all  either  by  the  animal  or  by 
the  acid  or  sodium  hydrate.     Consequently  there  need  be  but  little  waste  of  the 


Fig.    1- — Nitrous    oxide    appaiatus    wilh    large    bag    as    used    for    experimeiUal    purposes.       (I'or    discussion, 

see   text.) 


NoO  and  only  a  small  amount  (  c\|HTinicnlally  1  have  estimated  that  from  1^/2 
to  3  gallons  will  be  necessary  for  a  man  weighing  1()0  pounds)  is  rc(iuired  to 
saturate  the  blood  sufficiently  to  produce  anesthesia,  \\hen  a  given  amount  of 
NoO  is  injected  into  the  closed  system  juid  breathing  bag.  the  animal,  whose  lungs 
virtually  form  a  part  of  tlie  closed  system,  will  at  once  begin  to  absorb  NoO  into 
its  blood  from  ihr  pulmonary  alveolar  walls.  This  absorption  goes  on  unlil  an 
equilibrium  in  the  quantity  of  N.O  contained  in  tlie  animal's  blood  and  tissues 
on  the  one  side  and  that  contained  in  thr  breathing  batr  and  tubes  on  the  other 
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is  established.  It  is  important,  however,  to  remember  in  this  connection  that 
the  affinity  of  the  blood  and  presumably  of  the  central  nervous  system  is  greater 
for  N2O  than  is  the  affinity  of  water  for  N2O.  So  far  as  is  known  at  present  N/J 
does  not  form  any  special  chemical  combination  with  the  blood  or  other  tissues 
of  the  body.  It  is  apparently  held  in  solution  in  the  blood  and  tissues  in  the  same 
way  as  any  other  indifferent  gas  dissolves  in  a  liquid,  i.e..  in  direct  proportion  to 
the  partial  pressure  exerted  by  the  gas  on  the  liquid.  The  lipoid  content  of  the 
blood  and  central  nervous  system  is  generally  considered  to  account  for  the  in- 
creased solubility  of  the  gas  in  these  tissues  over  that  in  water. 

The  breathing  bag  and  face-piece  shown  in  Fig.  1  are  also  modified  consider- 
ably from  that  which  I  first  used.  The  bag  shown  here  I  have  found  well  adapted 
for  experimental  observations.  It  is  chiefly  from  this  standpoint  that  I  want 
to  discuss  the  action  of  nitrous  oxide  in  this  article.  This  bag  holds  three  gal- 
lons, but  the  sides  of  the  bag  are  flat  and  when  not  in  use  fall  together  as  the 
air  or  gas  passes  out.  When  in  use  only  about  one  or  two  gallons  of  air  or  gas 
need  be  injected  into  the  bag  and  this  permits  the  subject  to  have  a  full  and  free 
opportunity  to  breathe  in  any  way  he  pleases.  It  is  desirable  that  no  excess 
pressure,  as  from  an  overfilled  bag,  be  introduced  to  embarrass  the  breathing  of 
the  subject.  The  excess  amount  of  work  which  may  thus  be  easily  thrown  on 
the  respiratory  apparatus  in  the  course  of  an  hour  may  be  astounding,  as  a  brief 
mathematical  calculation  will  readily  show.  And  the  problem  is  still  further 
complicated  both  directly  and  indirectly  by  the  embarrassment  to  the  heart  and 
lung  circulation  which  the  amount  and  peculiar  application  of  this  excess  work 
involves.  A  further  feature  to  be  noted  in  the  face-piece  is  the  large  opening, 
about  three  and  one-half  inches  in  diameter,  which  connects  the  bag  to  the  air 
cushion  resting  on  the  face.  Thus  the  subject  breathes  almost  directly  into  the 
large  flexible  bag  and  obstruction  of  the  respiration  is  reduced  to  a  minimum. 
While  this  bag  and  face-piece  serve  very  well  for  experimental  observations, 
there  are  certain  objections  which  may  be  made  to  them  from  a  practical  stand- 
point. The  first  of  these  is  the  difficulty  of  making  an  air-tight  contact  between 
the  subject's  face  and  the  rubber  cushion  on  the  face-piece.  The  second  is  the 
inconvenience  of  having  the  large  bag  near  the  patient's  head.  At  present,  how- 
ever, I  wish  to  avoid  any  extensive  discussion  of  the  clinical  side  of  this  subject.      | 

the;  gases  involved  ix  xitrous  oxide  axesthesia. 

The  pharmacological  relations  of  at  least  four  gases  must  always  be  consid- 
ered in  nitrous  oxide  anesthesia.  These  are  X.O,  oxygen,  CO^  and  nitrogen. 
And  it  may  be  worth  while  to  remember  that  a  small  amount  of  argon,  neon, 
crypton,  xenon,  etc.,  are  also  present.  Ordinarily  these  gases  are  supposed  to  be 
inactive  in  the  animal  organism,  but  under  the  peculiar  conditions  established  in 
the  gaseous  content  of  the  body  under  nitrous  oxide  anesthesia,  I  am  inclined  to 
believe  that  the  presence  of  these  substances,  at  least  at  the  beginning  of  the 
anesthesia,  should  not  be  entirely  forgotten. 

It  should  be  emphasized  that  the  method  which  I  have  here  used  permits 
investigation  of  peculiar  gaseous  relationships  which  no  other  device  heretofore 
employed  for  this  purpose  could  well  reveal.  For  by  this  method  the  supply 
of  the  four  gases  (XoO,  CO.,,  N,  and  O)  concerned  in  the  animal's  respiration. 
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may  be  separately  and  independently  controlled.  The  CO2,  of  course,  is  elim- 
inated by  the  animal,  but  it  may  be  allowed  to  accumulate  in  the  breathing  bag 
for  experimental  purposes  and  its  relative  action  in  combination  with  the  other 
gases  thus  studied.  The  relative  effects  of  CO2  and  O  in  ordinary  forms  of 
breathing  and  in  asphyxia  have  been  thoroughly  studied  by  numerous  investi- 
gators.- When,  however,  nitrous  oxide  is  introduced,  the  conditions  are  very 
materially  changed  and  only  a  small  amount  of  work  has  been  done  on  this  phase 
of  the  problem. 

It  was  supposed  by  Sir  Humphrey  Davy  that  nitrous  oxide  was  decom- 
posed in  the  body  which  thus  became  flooded  with  an  excess  of  oxygen  which 
was  promptly  changed  to  carbon  dioxide.  This  carbon  dioxide  then  acted  as 
a  depressant  and  caused  the  anesthesia.  It  was  later  shown  that  nitrous  oxide 
was  not  thus  broken  down  but  was  excreted  by  the  lungs  in  the  same  form  as 
that  in  which  it  had  been  absorbed.  The  theory  then  became  prevalent  that 
nitrous  oxide  acted  solely  by  excluding  oxygen  from  the  tissues  and  that  its  ac- 
tion was  chiefly  a  matter  of  asphyxia.  That  asphyxia  may,  and  in  practice  cer- 
tainly does  often  play  a  considerable  part  during  the  production  of  the  anesthesia, 
no  one  at  present  doubts.  But  it  has  been  thoroughly  established  that  nitrous 
oxide  possesses  distinct  specific  depressant  powers  of  its  own  on  the  central  ner- 
vous system.  In  1897  Kemp^  published  a  series  of  observations  on  the  gaseous 
content  of  the  blood  during  nitrous  oxide  anesthesia.  He  drew  off  blood  from 
the  femoral  artery  of  dogs  anesthetized  with  various  mixtures  of  NoO  and  air 
and  of  N2O  and  O,  and  found  that  complete  anesthesia  could  be  produced  by  the 
gas  when  the  blood  contained  quantities  of  oxygen  fully  capable  of  maintaining 
consciousness  and  of  carrying  on  the  ordinary  process  of  metabolism.  AMien 
nitrogen  was  substituted  for  the  NgO,  the  percentage  of  oxygen  breathed  remain- 
ing the  same,  then  the  anesthesia  gradually  passed  oft"  and  the  animal  regained 
consciousness.  And  it  has  been  found  by  the  last  Sir  Frederic  \\\  Hewitt*  that 
a  mixture  of  nitrous  oxide  80  per  cent  and  oxygen  20  per  cent  (the  amount  pres- 
ent in  air)  is  fully  capable  of  producing  anesthesia  in  suitable  subjects.  These 
observations  prove  beyond  doubt  that  NoO  possesses  specific  depressant  powers 
on  the  central  nervous  system.  It  has  also  been  shown  by  Kemp  as  well  as  by 
others  that  under  NoO  anesthesia  the  COo  content  of  the  blood  is  greatly  reduced 
below  the  normal.  But  in  most  cases,  however,  it  has  been  found  tliat  the  oxygen 
content  of  the  blood  is  reduced  in  even  still  greater  degree  lielow  the  normal 
than  is  the  carbon  dioxide.  As  ordinarily  administered  NoO  causes  the  nitrogen 
(and  presumably  the  argon,  etc.)  contained  normally  in  solution  in  the  blood 
and  tissues  to  be  rapidly  washed  out  of  the  system.  Kemp's  bl(,od  analvses  for 
the  dog  show  in  several  experiments  a  complete  absence  of  nitrogen  from  the 
gases  drawn  oft"  by  the  vacuum  pump.  It  is  to  be  noted  thai  in  all  other  forms 
of  anesthesia  the  nitrogen  (about  1.7  vol.  per  cent)  remains  dissolved  in  the  blood. 
Docs  the  absence  of  this  supposedly  inaeliz'c  gas  in  any  -ccav  affect  the  anesthesia^ 
In  many  instances  1  have  observed  dogs  going  under  the  intluoncc  of  NoO  in 
which  it  appeared  to  me  very  pmlialile  that  the  elimination  of  this  nitrogen  was 
essential  to  the  production  of  successful  nitrous  oxide  anesthesia.  It  is,  unfor- 
tunately, extremely  difficuU  to  |)r()\e  tliis  jxiiiit.  For  one  nuist,  as  a  general  rule, 
empty  out  most  of  the  air  (nitrogen)  from  the  apparatus  (and  lungs  and  tissues 
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of  the  animal)  in  order  to  fill  this  space  with  nitrous  oxide  so  as  to  be  able  to 
obtain  a  sufficiently  high  percentage  of  the  gas  to  produce  the  anesthesia.  This 
makes  difficult  the  solution  of  the  question  as  to  whether  or  not  the  absence  of 
the  nitrogen  in  any  way  influences  the  nature  of  the  anesthesia. 

In  most  forms  of  nitrous  oxide  apparatus  u^ed  heretofore  breathing  had  to 
be  carried  out  under  a  greater  or  less  degree  of  pressure.  It  is  interesting  to 
consider  what  influence,  if  any.  this  may  have  in  tending  to  dam  back  the  CO^ 
produced  in  the  tissues.  While  this  gas  did  not  apparently  accumulate  in  large 
quantities  in  the  blood  in  the  analyses  made  by  Kemp,  still  one  is  inclined  to 
suspect  that  the  tissues  may  have  been  trying  to  form  the  ordinary  amounts  of 
the  gas  but  were  either  unable  to  do  so  or  else  they  could  not  pass  it  over  to 
the  blood.  And  any  such  accumulation  of  COo  in  the  tissues  may  very  well  in- 
fluence the  nature  of  the  anesthesia  produced.  And  similarly  any  of  the  im- 
mediate precursors  of  CO..  if  allowed  to  accumulate  in  the  tissues  or  blood,  may 
affect  the  character  of  the  anesthesia  produced. 

THE  SYMPTOMS  PRODUCED  BY  NITROUS  OXIDE. 

I  have  studied  this  topic  both  from  the  standpoint  of  animals  and  from  that 
of  man. 

A  frog  placed  in  an  atmosphere  containing  a  high  percentage  (90%  to  98%) 
of  N,0  becomes  well  anesthetized  in  from  three  to  four  minutes.  When  asrain 
placed  in  fresh  air  the  animal  fully  recovers  in  about  one  minute.  Profound 
anesthesia  is  readily  obtained. 

The  symptoms  in  dogs  vary  greatly  with  the  animal  and  the  method  of  ad- 
ministration. Fig.  2  shows  a  record  of  the  respiratory  movements  in  a  dog  just 
beginning  to  inhale  N^O.  The  animal  was  lying  quietly  on  the  table  and  made 
no  resistance  in  any  way.  The  record  was  obtained  by  tying  a  stethograph  around 
the  chest  wall  and  connecting  it  b\-  rubber  tubing  to  a  recording  tambour.  The 
first  part  of  the  tracing  shows  the  normal  respiratory  movements  when  the  ani- 
mal was  breathing  a  sufficient  percentage  of  oxygen  and  the  CO,  was  not  al- 
lowed to  accumulate  to  excess.  At  the  point  indicated  NoO  was  run  into  the 
breathing  bag  and  shortly  thereafter  the  depth  of  the  respiration  began  to  in- 
crease. This  is  mainly  due  to  the  action  of  XoO.  It  is  the  typical  effect  of  this 
gas  on  the  respiration.  There  is  one  other  point  to  be  considered  in  the  experi- 
ment, however,  and  that  is  the  fact  that  in  this  case  when  the  XoO  was  run  into 
the  bag  then  the  oxygen  which  the  bag  contained  was  considerably  diluted.  This 
would  also  cause  the  animal  to  breathe  more  deeply.  But  independently  of  this 
dilution  of  the  oxygen,  the  first  effects  of  nitrous  oxide  in  sufficient  concentration 
appear  to  be  to  stimulate  the  respirator}^  center.  After  a  time,  as  the  animal 
passes  more  fully  under  the  influence  of  the  gas,  the  depth  of  the  respiration 
decreases  while  the  rate  varies  somewhat,  but  on  the  whole  is  accelerated  beyond 
the  normal.  This  does  not  seem  to  be  due  to  any  accumulation  of  CO,  in  the 
breathing  bag  or  apparatus,  for  it  is  very  easy  to  wash  out  the  CO,  as  fast  as 
it  is  formed.  The  animal  usually  does  better,  however,  if  a  certain  amount  of 
rebreathing  and  CO,  accumulation  is  permitted. 

These  same  phenomena  occur  in  the  human  subject.  It  is  very  interesting 
to  experience  the  beginning  action  of  tlie  gas.     If  one  fills  the  bag  partly  full  of 
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"xygen  and  breathes  this  for  a  while  (washing  out  the  COo),  he  may  at  finst 
ii'^te  a  very  sHght  sense  of  fulhiess  in  the  head  and  possibly  there  may  be  a  feeble 
tUishing  of  the  skin  especially  of  the  face  and  neck.  Whether  this  is  due  to  a 
^Ught  COo  accumulation  in  the  lungs  (dead  space,  etc.),  caused  by  the  small 
amount  of  obstruction  to  the  normal  respiration,  or  is  due  entirely  to  excitement 
i)r  the  mere  feeling  that  one  "expects  something"  I  have  not  been  able  to  deter- 
mine. It  is  of  but  little  consequence,  however,  and  soon  passes  off  as  one  ad- 
justs himself  to  breathing  into  and  out  of  the  bag.  Slight  odors,  as  from  a  new 
rubber  bag,  or  of  oil  from  the  pump,  etc.,  sometimes  cause  one  to  be  a  little  ap- 
prehensive. And  the  mere  act  of  fixing  the  attention  on  the  respiration  is  suffi- 
cient to  cause  certain  minor  variations  in  most  subjects.  When  the  NoO  is 
turned  on,  however,  there  is  an  immediate  feeling  of  ease  in  breathing.  The 
sensation  can  best  be  compared  to  the  effect  of  oiling  a  new  machine.  One  is 
-'  )mewhat  surprised  how  readily  he  can  breathe  deeply  and  fully  and  without 
special  exertion.  This  sensation  does  not  occur  if  one  instead  of  running  nitrous 
oxide  into  the  bag,  should  fill  it  to  a  corresponding  degree  with  oxygen.  I  have 
been  inclined  to  believe,  therefore,  that  it  is  due  to  a  direct  stimulation  of  the 
respiratory  center  by  the  N^O.  I  have  considered  the  question  of  whether  or  not 
the  processes  of  diffusion  of  the  gases  in  the  lungs,  or  the  rate  or  ease  of  absorp- 
tion or  excretion  of  the  oxygen  or  CO2  through  the  alveolar  epithelium  might  be 
influenced  in  any  way  by  the  presence  of  N^O  rather  than  of  nitrogen.  I  have 
not  been  able  to  reach  any  conclusion  on  these  matters.  It  seems  probable  that 
certain  obscure  changes  are  produced  in  the  metabolism  of  the  tissues  on  ac- 
count of  the  markedly  subnormal  CO.^  and  oxygen  content  of  the  blood,  as  shown 
by  Kemp.  It  would  be  interesting  to  know  whether  or  not  these  ]o\\  percentages 
of  COo  and  oxygen  persist  in  the  blood  in  those  cases  in  which  anesthesia  is 
produced  by  approximately  80  per  cent  N.O  and  20  per  cent  oxygen  as  in  Hewitt's 
experiments.  I  have  occasionally  believed  that  in  rare  instances  in  dogs  which, 
were  fully  anesthetized  I  could  raise  the  percentage  of  oxygen  in  the  bag  to  per- 
haps 30  per  cent  without  allowing  the  animal  to  revive.  In  this  case,  of  course, 
while  I  might  markedly  increase  the  percentage  of  oxygen  in  the  bag,  I  did  not 
correspondingly  lessen  the  amount  of  N.O  in  the  animal  and  in  the  apparatus. 
In  this  feature  there  is  a  great  difference  between  the  apparatus  which  I  have 
here  used  and  most  other  forms  of  nitrous  oxide  machines,  for  in  these  if  the 
amount  of  oxygen  administered  is  increased,  this  generally  means  a  correspond- 
ing diminution  of  the  amount  of  N^O  given  with  correspondingly  increased  chances 
for  variations  in  the  character  of  the  anesthesia. 

I  have  noted  only  occasionally,  as  have  a  numlier  of  my  students,  that  jiist 
as  one  begins  to  breathe  a  fairly  concentrated  mixture  of  N..O.  there  may  be 
detected  a  faint  metallic  sweetish  taste  on  the  tip  of  the  tongue.  The  sensa- 
tion reminds  one  of  the  taste  of  saccharine.  In  my  own  case  this  taste  has  never 
lasted  for  more  than  a  second  or  two.  Init  one  student  was  able  to  detect  it  over 
a  prolonged  period.  It  is  probably  clue  to  N.X3  carried  in  the  blood  from  the 
lungs  to  the  taste  organs. 

It  will  be  noted  from  Fig.  2  that  the  animal  did  not  struggle  as  the  gas 
was  administered.  In  some  cases  I  have  seen  dogs  go  quietly  to  sleep  and  ap- 
parently never  be  conscious  at  all  that  they  were  being  anesthetized.     In  a  gen- 
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tie  animal  which  is  especially  susceptible  to  the  gas,  this  may  frequently  occur. 
It  is  by  no  means  the  rule,  however,  and  there  is  often  struggling  especially  if 
the  animal  was  excited  before  the  anesthesia  was  started.  It  is  well  known  that 
certain  human  subjects  are  especially  resistant  to  the  gas  and  I  have  frequently 
found  this  to  be  true  for  dogs.  In  some  cases  I  fiave  been  entirely  unable  to  ob- 
tam  any  true  anesthesia  at  all.  In  these  cases  cardiac  slowing  and  other  com- 
plications nearly  always  come  on  as  one  attempts  to  crowd  the  gas.  This  ap- 
pears to  be  partly  due  to  stimulation  of  the  vagus  center  in  the  medulla  for  sec- 
tion of  the  vagi  usually  accelerates  the  heart  and  this  is  generally  even  more 
marked  after  atropine.     I  have  seen  three  or  four  especially  striking  cases  of 


Fig.  2. — This  tracing  shows  the  respiratory  movements  of  a  dog  to  which  (at  X)  nitrous  oxide 
(plus  oxygen)  was  administered.  There  is  a  slight  exaggeration  of  the  respiration  because  the  animal 
had  been  breathing  mainly  with  its  diaphragm  before  the  gas  w^as  given,  but  after  this  the  chest  move- 
ments became  much  increased.  The  stethograph  recorded  more  of  the  thoracic  movements  than  it  did 
of  the  abdominal. 

this  kind.  An  animal  which  is  excited  or  struggles  is  much  more  liable  to  mani- 
fest these  cardiac  symptoms.  After  atropine  the  animal  usually  takes  the  gas 
considerably  better,  indicating  better  aeration  of  the  blood  in  the  lungs  from  the 
improved  circulation.  The  slowing  of  the  heart  may  be  \Q.vy  marked  and  ap- 
parently may  be  the  cause  of  death  in  some  cases.  I  have  not  taken  string  gal- 
vanometer tracings  of  the  hearts  of  these  animals,  but  this  would  be  instructive. 
It  has  seemed  to  me  in  one  or  two  instances  that  peculiar  arrhythmical  contrac- 
tions were  set  up  in  the  heart  and  that  this  finally  ended  suddenly  either  with 
complete  stoppage  of  the  heart,  or  with  the  establishment  of  a  condition  resem- 
bling heart  block.  The  cause  of  these  reactions  is  not  at  all  clear.  One  would 
suspect  a  lack  of  oxygen,  or  COo  poisoning,  but  when  the  CO,  is  well  washed 
out  of  the  gases  breathed  and  the  conditions  are  the  same  as  those  under  which 
other  animals  have  been  well  anesthetized,  then  one  is  inclined  to  look  for  a  dif- 
ference in  the  animals.  I  suspect  that  very  nearly,  if  not  quite  this  same  thing, 
may  have  occurred  in  a  few  instances  in  man.^  For  that  reason  I  wish  to  refer 
briefly  to  Fig.  3  which  is  a  tracing  of  the  apex  beat  of  a  dog  which  was  given 
nitrous  oxide.  The  animal  was  not  a  good  subject,  but  was  finally  apparently 
well  anesthetized.    After  the  anesthesia  had  continued  for  perhaps  half  an  hour. 
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the  pulse  in  the  femoral  artery  became  irregular  and  finally  stopped  rather  sud- 
denly. With  considerable  difficulty  the  animal  was  revived  by  means  of  inter- 
mittent compression  of  the  chest.  But  when  the  respiration  was  restored,  the 
animal  did  not  promptly  regain  consciousness  and  remained  in  a  semicomatose 
or  somnolent  condition  for  two  or  three  hours.  It  was  noticed  about  five  hours 
after  the  animal  revived  that  the  heart  was  irregular  and  the  tracing  here  shown 
was  made.  The  animal  improved  and  in  about  a  week  the  heart  had  apparently 
returned  to  normal.  The  animal  w^as  kept  for  forty  days  thereafter,  but  no  fur- 
ther cardiac  disturbance  was  observed. 

It  seems  evident  to  me  that  the  human  subject  must  be  very  much  more  sus- 
ceptible to  nitrous  oxide  than  is  the  average  dog.  The  anesthesia  in  all  cases  is 
of  a  much  lighter  form  than  that  produced  by  ether.  In  dogs  it  is  as  a  rule  im- 
possible to  destroy  the  corneal  reflex,  for  in  the  deepest  anesthesia  in  these 
animals  the  slightest  touch  of  the  cornea  or  eye  lid  or  even  eye  lashes  causes  im- 
mediate winking.  The  eyes  remain  open  and  keep  up  peculiar  rolling  or  staring 
movements  so  that  one  often  wonders  whether  or  not  the  animal  is  fully  anes- 
thetized.    If  the  gas  be  removed  suddenly,  however,  the  animal  wakes  up  and 
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Fig.  3. — Tracings  of  the  apex  of  tlie  heart  in  a  dog  in  which  under  nitrous  oxide  anesthesia 
cardiac  irregularities  developed.  For  a  full  description  see  text.  This  tracing  was  taken  about  five 
hours  after  the  animal  had  been  anesthetized.  At  this  time  it  was  observed  by  Mr.  John  A.  Higgins 
that  the  animal  was  in  a  dazed  or  semicomatose  condition,  and  that  the  heart  beat  was  very  abnormal. 
The   record   here   shown   was   then   made. 


stares  about  in  a   way  which  shows  that  it  had  been   completely  unconscious. 
During  the  anesthesia  the  pupils  are  dilated  Init  the  light  reflex  is  preserved. 

the;  action  of  nitrous  oxide;  under  varying  conditions. 

If  pure  N^O  be  inhaled,  unconsciousness  results  in  a  period  of  from  thirty 
to  sixty  seconds.  But  if  oxygen  be  added  to  the  inhaled  gas,  the  time  required 
to  produce  unconsciousness  rapidly  increases  as  the  oxygen  rises  from  zero  up 
to  five,  ten  or  more  per  cent.  With  more  than  ten  or  twelve  per  cent  oxygen 
content  mixtures  of  nitrous  oxide  and  oxygen  usually  produce  unconsciousness 
only  after  considerable  periods  or  not  at  all,  depending  on  the  patient.  There 
seem  to  be  great  variations  in  this  respect,  however,  in  the  human  subject,  and 
I  have  noted  a  similar  reaction  in  animals.  I  should  like  to  emphasize  this  point 
in  particular  since  it  has  a  direct  bearing  on  the  administration  of  nitrous  oxide 
by  the  method  which  I  have  here  used. 

It  will  be  noted  by  reference  to  Fig.  1  that  there  is  a  considerable  "dead 
space"  in  the  apparatus.  The  wash  jars,  tubes,  pump.  etc..  and  the  breathing 
bag  all  represent  space  which  in  the  beginning  contains  air.  When  the  animal  is 
connected  to  the  apparatus  then  its  lungs  also  add  "dead  space"  to  the  system. 
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This  "dead  space"  contains  oxygen  and  nitrogen.  The  oxygen  can  be  readily 
used  u[)  by  the  animal,  hut  the  nitrogen  must  be  gotten  rid  of.  The  amount  of 
this  nitrogen  depends  on  the  construction,  size,  etc.,  of  the  apparatus  and  on  the 
size  of  the  animal.  The  blood  (and  tissues)  of  the  animal  also  contain  about  1.7 
per  cent  of  nitrogen  which  presumably  diffuses  (-ut  nito  the  lungs  and  is  then 
breathed  out  when  nitrous  oxide  and  oxygen  are  administered.  It  is  necessary 
to  remove  a  large  part  of  this  nitrogen  from  the  apparatus  to  secure  the  best 
success.  This  is  done  by  filling  the  bag  partly  full  of  nitrous  oxide  and  running 
the  pump  for  a  while.  The  animal  breathes  the  mixture  of  air  and  N.O  and 
absorbs  a  portion  of  the  gas,  while  at  the  same  time  some  of  the  nitrogen  in  its 
blood  is  breathed  out.  The  sodium  solution  and  the  sulphuric  a.:id  in  the  wa.sh 
jars  also  absorb  some  nitrous  oxide.  In  a  little  while  the  bag  is  emptied  out  into 
the  air.  This  is  accomplished  by  opening  a  valve  on  the  right  (positive)  side 
of  the  machine  while  the  pump  is  running.  In  one  or  two  seconds  the  bag  can 
be  emptied  as  much  as  desired  and  then  more  NoO  is  run  in  until  the  bag  is  about 
one-haif  or  two-thirds  full.  This  is  repeated  about  three  or  four  times  as  a  rule 
with  dogs.  One  should  not  hurry  this  process.  It  usually  takes  at  least  five 
minutes  to  anesthetize  a  dog  deeply  and  any  attempt  to  crowd  the  gas  faster 
generally  excites  the  animal  and  does  not  improve  the  anesthesia.  It  is  better 
to  proceed  slowly  and  allow  the  animal's  blood  to  become  as  nearly  saturated  as 
possible  for  each  concentration  of  the  N^O.  In  this  manner  the  action  of  the 
drug  is  brought  on  slowly  and  in  a  perfectly  successful  experiment  the  animal 
may  be  fully  anesthetized  apparently  without  being  conscious  that  anything  un- 
usual is  occurring.  Often  it  is  not  necessary  to  give  any  oxygen  until  the  ani- 
mal is  anesthetized,  for  the  oxygen  in  the  apparatus  and  in  the  lungs,  etc.  ("dead 
spaces")  serves  to  keep  the  animal  in  good  condition  for  some  time.  \\'hen 
needed,  however,  more  oxygen  should  be  injected. 

It  may  seem  that  five  minutes  is  an  unreasonably  long  time  to  require  for 
the  production  of  nitrous  oxide  anesthesia.  We  should  remember,  however, 
that  much  more  time  than  this  may  be  required  with  ether,  etc.,  and  when  we 
think  of  anesthetizing  an  animal  in  thirty  to  fifty  seconds  with  nitrous  oxide  it 
is  interesting  to  consider  the  possibility  of  doing  this  same  thing  with  chloroform 
or  ether  vapor  which  are  exceedingly  well  absorbed  by  the  blood.  And  it  is 
probable  that  in  any  rapidly  produced  nitrous  oxide  anesthesia  there  may  be  a 
considerable  element  of  asphyxia  wdiich  is  undesirable. 

In  this  connection  I  should  like  to  refer  to  some  physiological  experiments'^ 
on  respiration  which  involve  certain  features  usually  concerned  in  nitrous  oxide 
anesthesia. 

"1.  The  Immediate  Effects  of  Total  Rebreathing  (Due  Chiefly  to  Excess 
Carbon  Dioxide). — The  nostrils  are  compressed  with  a  nose-clip  and  the  sub- 
ject breathes  from  and  into  a  rubber  bag  containing  20  to  40  liters  of  air.  The 
amplitude  of  respiration  is  soon  augmented,  and  in  the  course  of  a  few  minutes 
the  subject  is  panting  heavily  forty  times  a  minute.  He  usually  develops  a  typical 
carbon  dioxide  headache,  but  this  wears  off  in  fifteen  or  twenty  minutes  after 
the  experiment  is  ended."  These  results  are  produced  by  breathing  for  a  "few 
minutes"  into  a  closed  bag.  If  in  addition  to  these  effects,  which  are  due  chiefly 
to  carbon  dioxide  accumulation,  there  be  added  the   further  effects  of  oxvgen 
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want  which  are  usually  present  from  the  \&ry  beginning  in  the  administration 
of  nitrous  oxide,  what  will  be  the  results  of  these  purely  physiological  phenomena 
when  complicated  by  the  addition  of  nitrous  oxide  in  those  forms  of  apparatus 
in  which  rebreathing  into  and  out  of  a  closed  bag  is  carried  on  for  considerable 
periods  of  time? 

"2.  The  Effects  of  Iiisufficieiit  Oxygen  Without  Excess  of  Carbon  Dioxide. 
■ — The  above  mentioned  bag  is  refilled  with  20  to  40  liters  of  fresh  air  and  the 
experiment  performed  again,  but  with  this  difiference,  that  a  vessel  of  1  or  2 
liters  capacity  filled  with  soda-lime  or  broken  sticks  of  sodium  hydrate  is  placed 
between  the  bag  and  the  subject's  mouth  so  that  he  breathes  through  it  into  and 
from  the  bag.  The  carbon  dioxide  exhaled  by  the  subject  is  thus  absorbed,  and 
he  gradually  consumes  the  oxygen  in  the  bag.  As  a  rule  there  is  no  noticeable 
deepening  or  quickening  of  the  breathing,  and  the  subject  will  first  become 
cyanosed  and  then  unconscious  without  appreciable  augmentation  of  breathing. 
This  experiment  should  always  be  carefully  supervised,  as  it  is  not  free  from 
danger.  If  continued  for  more  than  ten  minutes,  it  is  usually  followed  by  a 
severe  frontal  headache,  developing  slowly  for  several  hours  thereafter,  together 
with  other  ill  effects  and  lasting  from  twenty-four  to  forty-eight  hours."  It  is 
particularly  interesting  to  consider  this  experiment  in  connection  with  those  forms 
of  nitrous  oxide  apparatus  in  which  the  patient  inhales  the  gas  (plus  a  varying 
but  usually  small  amount  of  oxygen)  from  a  tank  or  reservoir  and  then  exhales 
out  into  the  open  air.  In  these  machines  the  carbon  dioxide  is  probably  fairly 
completely  removed  as  fast  as  it  is  exhaled  from  the  lungs.  The  small  percentage 
of  oxygen  usually  given  (e.g..  from  two  to  ten  or  twelve  per  cent)  with  the  ni- 
trous oxide  may  cause  a  rather  close  simulation  of  the  conditions  established  in 
the  above  experiment  in  which  cvajwsis  and  unconsciousness  may  be  produced 
zvithout  any  anesthetic.  I  should  like  to  give  one  further  quotation  bearing  on 
this  point  from  Haldane  and  Poulton.'  *  *  *  "Still  more  sudden  exposures  to 
anoxemia  occur  when  air  containing  little  or  no  oxygen  is  breathed ;  for  in  this 
case  the  oxygen  previously  present  in  the  alveolar  air,  and  even  in  the  venous 
blood,  is  rapidly  washed  out ;  the  result  is  that  consciousness  is  suddenly  lost 
ivithout  evident  preceding  hyperpnea,  although  abundance  of  CO.,  is  present  in 
the  arterial  tlood.  Haldane  and  Lorrain  Smith  observed  sudden  loss  of  con- 
sciousness after  50  seconds  on  breathing  air  which  was  afterwards  found  to  con- 
'  tain  1.8  per  cent  of  oxygen.  During  any  exertion  the  loss  of  consciousness  is 
still  more  sudden.  Thus  it  is  a  ctmimon  experience  with  miners  going  into  an 
atmosphere  of  nearly  pure  fire  damp  (CH^),  or  climbing  up  so  that  their  heads 
are  in  the  gas,  that  they  drop  suddenly  as  if  they  were  shot." 

I  do  not  care  to  discuss  this  point  further,  but  may  state  briefly  that  my 
own  experiments,  together  with  the  results  obtained  by  cUhers.  have  led  mo  to 
conclude  that  it  is  impossible  to  obtain  a  rapid  (1  minute)  production  of  anes- 
thesia and  unconsciousness  in  dogs  with  nitrous  oxide  and  oxygen  at  atmospheric 
pressure  unless  the  oxygen  content  of  the  mixture  is  so  low  that  the  loss  of  con- 
sciousness is  due  almost  entirely  to  the  lack  of  oxygen.  Presumably,  with  cer- 
tain modifications,  this  is  true  in  the  human  subject  also.  On  the  other  hand 
it  seems  probable  thai  in  all  dogs  which  do  not  possess  a  special  idiosyncrasy 
against  the  gas,  mixtures  of  nitrous  oxide  and  oxygen  containing  sufficient  amounts 
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'  if  the  latter  to  avoid  most  if  not  all  asphyxial  effects,  may  be  used  to  produce 
anesthesia  provided  sufficient  time  be  allowed  for  the  gas  to  act  and  the  COo  b^ 
completely  removed  as  fast  as  it  is  excreted  by  the  lungs.  If  a  high  per  cent  of 
oxygen  is  used,  anesthesia  cannot  be  quickly  produced  but  asphyxia  may  be 
avoided.  The  time  required  may  be  considerable,  perhaps  from  five  to  fifteen 
minutes  or  longer.  But  as  the  tissues  gradually  become  more  and  more  saturated 
with  the  gas,  there  will  be  a  gradual  depression  of  the  central  nervous  system 
which  will  finally  result  in  unconsciousness. 

It  was  long  ago  observed  by  Goldstein^  that  anesthesia  appears  more  quickly 
and  with  a  proportionately  less  degree  of  asphyxia,  the  higher  the  organization 
(A  the  brain — namely,  earlier  in  man  than  in  laboratory  animals.  I  have  been 
able  to  confirm  this  observation  many  times.  And  in  addition  the  anesthesia  ap- 
pears as  a  general  rule  to  be  deeper  in  man  than  in  dogs,  although  in  some  ani- 


Fig.    5. — This    animal   was    anesthetized    with    nitrous    oxide.      At    the    point    indicated    ethyl    chloride 
was  injected  into  the  bag.     There  is  an  immediate  fall  in  pressure  and  the  respiration  is  much  diminished. 


mals  a  profound  anesthesia  may  be  readily  obtained  if  all  carbon  dioxide  efifects 
be  carefully  avoided. 

It  seems  probable  that  in  average  cases  the  heart  and  circulation  are  not 
much  affected  by  the  gas.  Fig.  4  shows  the  result  produced  by  injecting  nitrous 
oxide  into  the  breathing  bag  when  the  animal  was  already  anesthetized  by  ethyl 
chloride.  Three  injections  were  made  but  the  effects  on  both  blood-pressure  and 
respiration  were  practically  nil.  This  corresponds  very  well  to  the  injection  of 
an  ordinary  drug  solution  into  the  femoral  \cin  when  an  animal  is  anesthetized 
with  ether.  (Fig.  5  shows  the  reverse  of  this  experiment  and  ilhislratos  the  ac- 
tion of  ethyl  chloride  on  an  animal  already  anesthetized  by  nitrous  oxide.)  As 
a  kind  of  check  on  these  experiments  another  tracing  (Fig.  6)  is  shown  in  which 
at  two  places  a  small  amount  of  carbon  dioxide  was  injected  from  a  tank  into 
the  breathing  bag.  There  is  an  immediate  stimulation  of  (he  respiration  and  the 
blood  pressure  falls,  probably  from  a  direct  action  on  the  heart.     The  gas  was 
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quickly  emptied  out  and  the  bat,^  was  again  refilled  with  nitrous  oxide  plus  a 
suitable  amount  of  oxygen.  This  shows  quite  well  the  action  of  even  small 
amounts  of  carbon  dioxide.  I  strongly  suspect  that  some  such  action  as  this, 
either  by  excess  of  carbon  dioxide,  or  from  lack  of  oxygen,  or  both,  constitutes 
the  real  cause  of  the  undesirable  after  effects  which  are  liable  to  follow  from  pro- 
longed nitrous  oxide  anesthesia.  And  1  am  inclined  to  believe  that  these  after 
eft'ects  may  be  ver}'  generally  avoided  by  a  correct  and  scientific  administration 
of  the  nitrous  oxide. 

I  have  repeatedly  observed,  as  have  others,  independently  in  my  laborator}', 
that  if  one  breathes  a  mixture  of  nitrous  oxide  and  oxygen  for  a  certain  time, 
for  example  five  minutes,  and  then  passes  under  the  influence  of  the  gas  to  a 
given  degree,  he  can  then  considerably  increase  the  quantity  of  oxygen  in  the 
bag  without  lessening  the  influence  of  the  nitrous  oxide  so  far  as  the  subject  of 
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Fig.  6. — This  tracing  was  made  in  a  class  experiment  by  Messrs.  Mitchell,  Day,  Lueking  and 
McKee.  It  shows  the  results  produced  on  the  respiration  and  blood  pressure  by  injecting  (twice)  a 
small  amount  of  carbon  dioxide  into  the  breathing  bag  while  the  dog  was  anesthetized  by  nitrous  oxide. 
In  each  case  the  CO2  was  quickly  emptied  out  of  the  bag  after  the  animal  began  to  show  marked 
symptoms. 

the  experiment  himself  can  determine.  The  reason  for  this  appears  to  be  as 
follows:  On  breathing  the  N^O  at  first  the  whole  body  of  the  subject  after  a 
time  becomes  saturated  with  the  gas  at  the  given  partial  pressure.  (As  the  first 
portion  of  gas  is  absorbed,  one  can  see  the  bag  shrink  fairly  rapidly  with  ani- 
mals.) More  XoO  must  be  run  into  the  bag  to  replace  that  absorbed.  But  after 
the  anesthesia  or  analgesia  has  reached  a  given  degree,  then  if  no  more  gas,  but 
only  oxygen,  is  given,  the  elfects  of  the  X^O  on  the  subject  should  remain  fairly 
constant.  It  will  be  noted  that  the  gas  is  excreted  only  into  the  bag  from  which 
in  a  given  time  approximately  the  same  quantity  of  NgO  will  pass  back  again  into 
the  blood.  Supposing  the  bag  was  filled  to  the  amount  of  two  gallons*  with  90 
per  cent  NjO  and  10  per  cent  oxygen.  If  then  one  adds  a  quart  of  oxygen  to 
the  bag  the  per  cent  of  oxygen  the  patient  would  breathe  should  be  increased  by 
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.ne-ninth  of  the  total  amount  of  mixed  gases  in  the  bag  after  the  quart  of  oxygen 
l^  added.  It  would  appear  that  this  oxygen  should  be  readily  absorbed  by  the 
lungs  in  approximately  the  same  proportion  and  quantity  as  oxygen  is  absorbed 
1-y  the  blood  from  the  air  (which  contains  oxygen  in  about  the  same  proportion 
IS  the  bag  would  now  contain  it,  i.e.,  about  20  per  cent).  This  would  probably 
not  be  quite  correct,  for  nitrous  oxide  has  some  power  to  displace  oxygen  from 
its  solution  in  water  (Sir  Humphrey  Davy^),  and  this  probably  holds  good  for 
the  blood  in  the  pulmonary  capillaries  also.  On  the  other  hand,  when  the  quart 
of  oxygen  is  run  into  the  bag.  the  latter  will  be  expanded  by  a  volume  equal  to 
one  quart  and  into  this  space  the  nitrous  oxide  already  in  the  bag  and  also  that 
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Fig.    7. — The    animal    was    aiiesthetizcil    with    nitrous   oxiile.      .\t    the    point    indicated    adrenaline    (l/j 
C.C.,    1-10,000)    was    injected    intravenously.      The    vagi    were    intact.       (I'or    discussion,    see    text.) 

dissolved  in  the  blood  and  tissues  of  the  .subject,  may  diffuse.  T.ut  if,  for  ox- 
ample,  the  blood  and  tissues  of  the  subject  had  absorbed  two  gallons  of  N.^O  and 
the  bag  contained  two  and  one-fourth  gallons  of  (mixed)  gases  after  the  (juart 
of  oxygen  was  added,  then  there  would  be  a  chance  for  the  N.^O  to  be  diluted 
by  approximately  one-.seventeeth  of  the  total  volume  of  gases  or  5.8  per  cent. 
At  that  time  the  suliiect  mi^Iit  lie  breatliing  almost  20  per  cent  of  oxygen  and 
this  is  readily  absorbed  by  the  hemoglobin  of  the  blood.  Tn  other  words,  the 
relative  increase  in  percentage  of  oxygen  breathed  when  a  given  amount  of 
oxygen  is  added  to  the  bag.  is  greater  than  is  the  relative  amount  of  dilution  of 
the  nitrous  oxide  with  which  the  sul)ject  is  saturated  after  the  oxygen  is  added 
to  the  bag. 
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It  was  shown  by  Van  Arsdale^"  in  1891  that  the  breathing  of  nitrous  oxide 
to  and  fro  from  a  bag  in  which  the  gas  (plus  the  desired  amount  of  oxygen)  was 
contained  at  an  increased  pressure  above  that  of  the  atmosphere  caused  an  in- 
crease in  the  depth  of  the  narcosis  produced.  (This  was  an  entirely  different 
principle  from  that  which  Paul  Bert^^  and  later  Claude  Martin'^  used  in  which 
the  patient  or  animal  was  placed  in  an  air-tight  room,  the  air  pressure  in  whicli 
was  raised  one-fourth  above  that  of  the  atmosphere  after  which  80%  NgO  plus 
20%  oxygen  was  administered  to  the  patient  or  animal.)  I  have  tried  to  verify 
Van  Arsdale's  results  many  times.  In  some  cases  (with  dogs)  increasing  the 
pressure  of  the  gas  in  the  bag  does  deepen  the  anesthesia,  but  in  many  other  cases 
I  have  not  been  able  to  demonstrate  any  advantage  from  this  increased  pressure. 


Fig.    8. — Dog  anesthetized   with   nitrous   oxide.      At   the   point   indicated    Vz    c.c.    of   1%    KCN   was    injected 
intravenously.      The  vagi  were   intact.      (For   discussion,   see   text.) 


Perhaps  the  increased  respiratory  exertion,  the  marked  hindrance  to  the  pul- 
monary circulation  and  the  attendant  obstruction  of  gaseous  exchange  in  the 
lungs  were  sufficient  in  many  cases  to  overcome  the  advantages  of  the  increase 
in  absorption  of  the  NgO  which  the  raised  pressure  might  bring  about. 

The  intravenous  injection  of  adrenaline  in  an  animal  under  nitrous  oxide 
anesthesia  gives  a  practically  normal  reaction,  i.e.,  the  record  is  almost  exactly 
like  that  produced  by  adrenaline  in  an  animal  under  ether.  The  rise  in  pressure 
here  probably  supplies  more  oxygen  to  the  brain  and  whatever  asphyxia  may 
have  been  present  from  the  administration  of  the  nitrous  oxide  is  thereby  re- 
duced. (See  Fig.  7.)  On  the  other  hand,  the  injection  of  cyanides  (which  are 
supposed  to  cause  an  internal  asphyxia  by  lessening  the  tissue  oxidations  through 
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inhibiting  ferment  action)  causes  a  markedly  increased  reaction  both  as  regards 
the  respiration  and  the  circulation.  The  animal  also  shows  a  more  marked  con- 
vulsive reaction  than  it  does  under  ether.  (See  Fig.  8.)  I  have  controlled  this 
1-y  anesthetizing  the  animal  first  with  N„0  and  obtaining  records  of  the  bloOd 
pressure  and  respiration  from  the  cyanides  and  then  giving  the  animal  ether, 
after  which  more  records  were  obtained. 

The  motor  areas  are  much  more  sensitive  under  nitrous  oxide  than  under 
ether.  One  can  easily  secure  very  extensive  movements  of  the  muscles  of  the 
opposite  side  and  can  readily  pick  out  the  areas  for  individual  groups  of  muscles. 
I  have  observed  that  dogs  under  nitrous  oxide  anesthesia  may  not  well  with- 
stand extensive  operations,  particularly  if  the  abdomen  is  opened  and  the  viscera 
manipulated  in  any  way. 

In  several  respects  there  is  a  striking  similarity  between  the  effects  of  nitrous 


5  :^j[<^. 


<^j/uz^.^Lt.^tLj 


Fig.  9. — Dog  anestlielized  with  nitrous  oxide.  The  tracing  shows  the  blood  pressure  (Rt.  carotid) 
and  the  bladder  contractions  (up-stroke).  At  the  point  indicated  1  c.c.  of  tetramethylammoniumchloride 
was   injected  intravenously.     The  animal   had   previously   received   1}^   nigs,   of   atropine. 


toxide  and  those  of  morphine  in  dogs.  Among  these  may  be  mentioned  the  pro- 
duction of  Cheyne-Stokes  respiration.  This  is  generally  present  in  prolonged 
anesthesia  in  dogs.  The  irritability  of  the  cord  is  also  much  less  depressed  than 
is  the  case  with  the  methane  series  of  anesthetics  and  this  action  also  closely 
resembles  that  of  morphine.  As  under  morphine  defecation  also  sometimes  oc- 
curs, but  I  have  generally  been  inclined  to  attribute  this  to  asphyxia,  although 
other  factors  may  be  involved.  A  peculiar  feature  is  often  noticed  in  the  fact 
that  the  dogs,  while  lying  quietly  and  apparently  fairly  well  anesthetized.  ma\ 
be  aroused  and  waked  up  by  stimulation  or  shaking  in  a  manner  very  similar  to 

•For  clearness  of  description  I  have  assumed  that  the  volume  of  one  gallon  of  the  gas  may  be  con- 
sidered equal  to  the  volume  of  four  (|uarts.      \Vc  need   not   coiisidor  v.nriations   of  tcmiicrature,  pressure,  etc. 
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that  possible  under  a  moderate  dose  of  morphine.  When  thus  anju.sed  there  is 
also  often  observed  a  marked  acceleration  and  increase  in  strength  of  the  heart 
beat.  If  the  animal  be  again  left  alone  it  will  soon  return  into  the  somnolent, 
or  perhaps  analgesic  state,  very  much  as  occurs  after  morphine.  It  is  difficult 
to  study  the  analgesic  effect  of  nitrous  oxide  separately  and  apart  from  the  pro- 
duction of  total  unconsciousness  in  dogs,  for  these  animals,  so  long  as  they  are 
conscious,  are  very  likely  to  struggle  and  try  to  escape  even  though  they  feel 
no  pain  whatsoever. 

The  thought  has  occurred  to  me  many  times  that  nitrous  oxide  might  Ijc 
used  as  a  hypnotic.  By  ordinary  methods  of  administration  this  is  obviously  im- 
practical. But  by  a  slight  modification  of  the  apparatus  which  I  have  used  1 
am  inclined  to  believe  this  idea  might  be  very  well  put  into  practice.     I  have  tried 
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Fig.  10. — Dog  under  nitrous  oxide  anesthesia.  Bladder  contractions  fup-stroke)  and  blood  pres- 
sure. At  the  point  indicated  (on  the  left)  1  c.c.  of  lobeline  was  given  intravenously.  A  marked  con- 
traction of  the  bladder  and  a  small  rise  in  blood  pressure  were  produced.  A  little  later  a  second  dose 
of  1  c.c.  of  lobeline  was  given.  Almost  no  results  were  produced  by  this,  showing  that  the  first  dose 
of  lobeline  had  produced  ganglionic  paraiysis.  Later  a  small  dose  (^  c.c.)  of  adrenaline  was  injected. 
This   gave  a  slight   bladder   contraction   and   a    small   rise   in   blood  pressure. 

repeatedly  to  compare  the  mild  on-coming  eft'ects  of  the  gas  as  breathed  with  a 
considerable  proportion  of  oxygen  with  the  physical  and  mental  sensations  pres- 
ent as  one  begins  to  fall  asleep.  There  is  a  very  striking  similarity,  a  marked 
feeling  of  tiredness  and  exhaustion,  the  limbs  feel  heavy  and  the  eyelids  tend  to 
close.  One's  mentality  gradually  sinks  and  there  is  difficulty  in  maintaining  con- 
nected thought.  The  natural  inclination  of  the  subject  of  the  experiment  is  to 
lie  down  quietly  and  fall  asleep.  The  sensations  remind  one  of  the  feelings  of  a 
child  worn  out  by  a  long  day's  play  when  it  lies  down  at  night  to  sleep.  Some- 
times I  have  noted  slight  muscular  twitchings  or  feeble  jumping  or  convulsive 
moments.  These  would  probably  not  occur  if  the  gas  were  administered  very 
slowly  with  plenty  of  oxygen  and  a  sufficiently  long  period  of  time  were  used 
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lo  bring  on  the  action  of  the  drug.  Suggestion  appears  to  play  a  noticeable  part 
in  this  action,  for  if  one  keeps  perfectly  quiet  and  at  rest  and  tries  to  go  to  sleep, 
then  the  somnolent  action  of  the  gas  is  especially  liable  to  be  well  marked.  It 
would  appear  tliat  this  matter  of  suggestion  extends  even  to  dogs.  For  an  animal 
w  hich  is  petted  and  induced  to  lie  down  quietly  and  at  complete  rest  may  very 
•  if ten  take  the  gas  readily  and  peacefully  fall  asleep. 
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OBSERVATIONS  ON  CHOLESTERIN  RETENTION  AS  A  FACTOR 

IN  CELL-PROLIFERATION* 

By  Georgine  Luden,  ALD.,  Rochester,  Minn. 


THE  influence  of  heredity,  the  cancer  age,  the  relatively  large  percentage  of 
recurrence  in  malignant  conditions,  and  lesions  produced  by  trauma  are 
recognized  by  the  medical  profession  throughout  the  world  as  important  con- 
tributory factors  in  malignant  cell-proliferation.  Jt  is  well  known,  for  example, 
that  in  certain  persons  a  slight  injury  will  result  in  the  formation  of  a  rapidly 
growing  tumor — a  kick  during  a  football  game  may  be  followed  by  sarcoma,^ 
the  irritation  from  the  ragged  edge  of  a  tooth,  by  inoperable  carcinoma.  In- 
these  cases,  however,  a  mere  spark,  as  it  were,  causes  a  conflagration.  The  in- 
jury itself  may  be  considered  only  a  provocative  factor,  not  the  real  cause,  in 
the  formation  of  the  malignant  growth ;  sparks  do  not  create  a  conflagration  un- 
less they  fall  where  inflammable  material  has  accumulated. 

That  the  fundamental  factor  in  malignant  diseases,  whatever  it  may  be,  is 
widely  distributed  throughout  the  organism  seems  evident  from  the  literature 
reporting  conditions  in  which  more  than  one  tissue  has  become  involved  in  the 
process  of  degeneration.  Such  cases,  although  not  frequent,  are  by  no  means 
exceptional.  Bartlett-  concludes  that  "multiple  primary  malignant  tumors  oc- 
cur in  approximately  0.2  per  cent  of  all  cases  of  malignant  tumors." 

In  this  connection  attention  should  be  drawn  to  the  fact  that  the  term  "mul- 
tiple primary  tumors"  has  been  used  in  the  literature  repeatedly  without  distinc- 
tion for  the  simultaneous  occurrence  of  (a)  diliferent  types  of  carcinoma,  (b) 
carcinoma  and  sarcoma,  and  (c)  tumors  of  totally  diverse  histologic  character. 
The  relative  frequency  of  these  three  varieties  of  multiple  types  of  malignant 
growths  may  be  indicated  as  follows : 

1.  Carcinoma  Duplex.  (A  term  originally  used  by  de  Vries')  :  conditions 
in  which  two  types  of  carcinoma,  or  carcinoma  and  epithelioma  occur  simul- 
taneously ; 

2.  Carcinoma  and  Sarcoma:  conditions  in  which  malignant  degeneration 
is  observed  simultaneously  in  both  epithelial  and  connective  tissue ; 

3.  Multiple  Type  of  Primary  Malignant  Tumors:  conditions  in  which  tu- 
mors of  a  totally  diverse  histologic  character  are  found  simultaneously.  These 
are  comparable  to  those  reported  by  Walter*  and  Hansemann,^  and  are  not  to  be 
confounded  with  the  class  of  malignant  neoplasms  known  as  teratomas. 

As  far  as  can  be  ascertained,  119  cases  of  carcinoma  duplex,  41  cases  of 
carcinoma  and  sarcoma,  and  15  cases  of  the  multiple  type  of  primary  tumors  have 
been  observed  in  man  and  reported  in  literature,  including  the  cases  reported  by 
Harbitz.®  In  addition,  I  have  studied  2  cases  of  carcinoma  duplex,  3  cases  of 
carcinoma  and  sarcoma  and  2  cases  of  the  true  multiple  type  of  neoplasms.  One 
of  the  latter  has  been  reported  previously. 

Seven  cases  of  carcinoma  and  sarcoma  in   rodents  have  been  reported  by 

*From  the  Mayo  Clinic,  Rochester,  Minn. 
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W'oglom,^  Haaland,^  Russell/"  L,oeb"  and  Nicholson/-  and  2  cases  of  the  spon- 
taneous multiple  type  of  primary  tumors  in  dogs  have  been  described  by  Bartlett. 
J I  must  be  especially  emphasized  that  although  Bartlett  suggests  the  possibility 
that  the  etiology  of  the  types  of  tumors  found  in  each  of  his  two  dogs  was  dif- 
icrent,  "one  being  indirectly  due  to  a  metabolic  disturbance,  the  other,  the  mixed 
tumor,  being  in  some  way  connected  with  an  embryonal  anlage,"  none  of  the  pri- 
mary multiple  type  of  tumors  in  man  herein  reviewed  belong  to  the  class  known 
as  teratomas. 

Two  other  facts  demonstrating  the  ubiquity  within  the  organism  of  the  funda- 
mental factor  in  malignant  cell-proliferation  are  the  occurrence  of  malignant 
•  legeneration  in  originally  benign  tumors,  commented  on  by  many  authorities,  and 
the  "precancerous  stage"  described  by  Wilson, ^'^  MacCarty^*  and  others. 

As  regards  the  identity  of  the  causative  factor,  the  branches  of  science  that 
seem  most  particularly  well  fitted  for  the  investigation  are  bacteriology,  para- 
sitology, and  chemistry.  Bacteriology  thus  far  has  been  unable  to  furnish  any 
material  evidence  of  bacterial  origin  of  malignancy.  Parasitology  has  yielded 
many  brilliant  "finds,"  none  of  which  has  stood  a  five-year  test.  Physiologic 
chemistry,  on  the  other  hand,  while  it  has  offered  no  complete  explanation  of 
cancer,  has  already  supplied  a  number  of  data  indicating  that  marked  metabolic 
changes  occur  in  and  go  hand  in  hand  with  the  progress  of  malignant  disease. 
Lewis  and  Benedict^'  have  called  attention  to  the  increase  of  the  sugar  content 
of  the  blood  in  carcinoma.  Davis^*^  describes  a  hema-uro-cVirom  test  giving  valu- 
able information  in  cases  of  malignant  disease,  which  he  does  not  claim  to  be 
specific  for  cancer,  but  considers  indicative  rather  of  an  increased  hemolysis, 
cytolysis  and  proteolysis.  The  nitrogen  content  has  been  studied  by  many  ob- 
servers and  found  increased  both  in  the  urine  output  and  in  the  tumor-tissue 
(Robin,^^  Mueller,  Gaertig,  Klemperer,  Embden,  Knoop,  Langenstein^*).  Capel- 
la^^  has  noted  a  sulphur  reaction  positive  in  the  urine  of  patients  with  cancer. 
Pentagna-°  has  called  attention  to  the  presence  and  importance  of  glycogen  in 
malignant  tumors  "which  increases  in  proportion  to  the  degree  of  malignancy  ex- 
hibited by  the  neoplasm." 

It  has  been  universally  conceded  that  normal  cell-proliferation  or  growth, 
is  a  proliferation  of  cells  within  normal  bounds,  and  that  a  neoplasm  represents 
a  form  of  cell-proliferation  exceeding  normal  bounds.  The  question  then  nat- 
urally arises :  Is  there  any  chemical  substance  which  appears  to  be  essential 
for  normal  proliferation,  or  growth,  the  activity  of  which  may  be  traced  in  ab- 
normal proliferation,  or  malignancy? 

The  following  facts,  I  believe,  seem  to  indicate  that  such  a  substance '  is 
cholesterin. 

Doree,  Ellis  and  (jardncr-'  have  sliown  by  ciicmical  analysis  that  the  choles- 
terin content  of  the  egg-yolk  diminishes  proportionally  to  the  growth  of  the 
chick  embryo,  cholesterin  being  used  in  the  process  of  cell-proliferation  and  as- 
similated in  such  a  way  that  it  cannot  be  recovered  in  the  same  quantity  from  the 
mass  of  cells  representing  the  embryo.  Aschofif--  and  Autenrieth  and  Funk-^ 
have  called  attention  to  the  increase  of  cholesterin  in  the  blood  during  pregnancy. 
Bacmeister  and  Havers^'  demonstrated  that,  whereas  the  cholesterin  content  in 
the  blood  of  pregnant  bitches  increases  until  the  pups  arc  littered,  it  graduallv 
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returns  to  normal  shortly  afterward,  r.urnett  and  Robertson'-'  in  experimenting 
with  tumor-g-rafted  rats,  showed  that  the  intravenous  injection  of  cholesterin- 
sodium-oleate  emulsion  causes  the  tumors  in  the  injected  animals  to  double  in 
size  in  a  given  time  those  in  the  tumor-bearing  controls,  all  the  animals  hav- 
ing been  grafted  at  the  same  time  and  with  the  same  tumor.  Browfler-""'  has 
proved  that  the  addition  of  0.01  gm.  of  cholesterin  to  the  culture  medium  in- 
creases the  rate  of  division  in  paramecia  from  1.33  to  5  times,  as  compared  with 
controls  grown  in  the  same  culture  medium  without  added  cholesterin. 

The  above  observations  strongly  suggest  the  existence  of  some  kind  of  cor- 
relation between  cholesterin-increase  and  cell-proliferation,  both  under  normal 
and  abnormal  conditions,  and  appear  to  indicate  not  only  that  cholesterin  is  as- 
sociated w^ith  active  cell-proliferation,  but  also  that  it  acts  as  a  stimulant  to  cell 
division. 

Before  enumerating  other  facts  based  on  experimental  and  clinical  data 
which  seem  to  support  the  above  deduction  concerning  the  physiologic  activity 


Fig.  1. — (850-16.)  Malignant  growth  involving  upper  third  of  ulna  and  radius — osteochondroma  sar- 
coma. Tumor  developed  within  three  months  at  site  of  injury  sustained  two  years  previous.  Showing 
proliferation    of   the    bone.      (H.E.  x  120    diam.) 

of  cholesterin  as  related  to  cell-proliferation,  a  few  words  may  be  said  in  regard 
to  the  organs  that  regulate  cholesterin  metabolism  and  its  elimination.  Named  in 
the  order  of  their  apparent  relative  importance  they  are  as  follows : 

1.  Adrenal  (Rothschild,-'  Sternberg.-^  Landau.-^  Gardner  and  Lander,^'' 
Stewart,^^!  Weltmann,^^  Hueck,-^  AIcMeans-*). 

2.  Liver  (Rothschild,  Weltmann,  Anitschkow  and  Chalatow,^^  McMeans). 

3.  Spleen  and  the  "endothelial  apparatus"  (Aschoff  and  Landau,^^  Soper,^'' 
Rothschild,  McMeans). 

4.  Ovary  and  corpus  luteum   (McMeans). 

Apart  from  these  organs  of  regulation,  the  body  has  at  its  command  a  num- 
ber of  other  means  by  which,  under  normal  conditions,  it  can  maintain  its 
cholesterin  balance.  vSurplus  cholesterin  is  eliminated,  for  example,  in  the  feces 
(McNee'**)  and  the  bile  (Rothschild),  and  is  stored  in  both  the  endothelial  lin- 
ing of  the  blood  vessels,  as  in  arteriosclerosis,  (Klotz.'^  Saltykow.*"  Anitschkow, 
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Kr>'low;*i  McMeans),  and  in  the  body-fat  (Rothschild,  Hueck,  Wacker*^).  In 
addition,  there  are  what  might  be  called  "emergency  safety  valves,"  such  as 
cholesterin  cysts,  boils,  etc.  An  instance  of  the  latter  occurred  in  one  of  our 
cholesterin-fed  goats  which  developed  a  boil,  the  contents  of  which  had  a  choles- 
terin value  of  0.70  per  cent,  about  four  times  that  of  normal  goats'  blood. 

Notwithstanding  these  natural   means   of   defense   against   an  accumulation 


Fig.    2. — (Same    as    Fig.    1.)      Proliferation    of 
cartilage.      (H.E.  x250   diam.) 


Fig.    3. — (Same   as   Fig.    1.)      Proliferation    of   con- 
nective tissue.      (H.E.  X  250  diam.) 


Fig.    4. — (Same    as    Fig.    1.)      Proliferation    of 
epithelium.      (H.E.  X  250    diam.) 


Fig.  5. — (Same  as  Fig.  1.)  Proliferation  of  the 
epithelium  showing  a  different  type  of  carcinoma 
(myxomatous    degeneration).       (1!.1C.\250    diam.) 


of  cholesterin,  there  occur  at  times  symptoms  which  it  seems  possible  to  explain 
only  as  being  due  to  cholesterin  retention  and  these  symptoms  go  hand  in  hand 
with  cell-proliferation  (Figs.  6  and  7). 

A  patient  (No.  63175),  male,  aged  57,  came  to  the  Mayo  Clinic  in  1912 
on  account  of  "bladder  trouble."  An  operation  (prostatectomy)  adeno-fibro- 
matous  hypertrophy  was  discovered,   but   no  trace  of  a  malignancy  was  noted 
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microscopically.  Four  years  later  the  man  returned  in  a  critical  condition  and 
died  within  three  weeks.  At  autopsy  extensive  atheromatosis  with  ulceratinj,' 
plaques  was  found  in  the  aorta,  together  with  carcinomatous  nodules  in  thi" 
prostatic  bed,  malignant  proliferation  of  the  epithelium  and  the  sebaceous  glands 
in  the  suprapubic  scar.  The  skin  was  not  broken!  It  will  be  remembered  that 
artificial  atheromatosis  has  been  produced  in  animals  by  prolonged  cholesterin 
feeding  (Anitschkow,  Saltykow,  Stuckey,  McMeans)  and  that  the  atheromatous 
plaques  were  microscopically  identical  with  those  found  in  man. 

Proceeding  on  the  working  hypothesis  that  essential  factors  for  the  effectual 
progress  of  malignant  proliferation  are,"  (1)  the  creation  of  a  disturbance  of 
metabolism  which  would  lead  to  an  accumulation  of  cholesterin,  (2)  an  extrane- 
ous irritant,  and  (3)  the  breaking  down  of  the  "lymphoid-defence,"  the  impor- 
tance of  which  has  been  established  by  the  work  of  Murphy  and  Morton,**  I  be- 
gan in  March,  1915,  to  give  light  treatment  by  roentgen  rays  to  a  double-adrenal - 


Fig.     6. —  (63175.)       Recurrent     carcinoma     of     the 
prostate.      (H.E.  x  350.) 


Fig.  7.  —  (Same  as  Fig.  6.)  Malignant  prolifera- 
tion of  the  epithelium  and  sebaceous  glands  found 
at  autopsy  in  operative  sinus,  four  years  after 
operation.       (H.E.  x  350.) 


ectomized  spermophile  (citellus  tridecemlineatus).  Experiments  conducted  by 
Mann*  had  already  shown  that  these  spermophiles  survived  double  adrenalectomy 
better  than  most  animals.  The  results  obtained  were  a  marked  change  in  the 
blood  picture,  there  being  an  increase  of  normoblasts  from  0  to  10  per  cent  in 
the  course  of  six  months,  and  the  appearance  of  pathologic,  "unripe"  leukocytes 
together  with  proliferation  in  various  tissues  (Figs.  8  and  9).  The  experiment 
was  then  repeated  on  8  spermophiles;  2  were  double  adrenalectomized,  3  were 
double-ovariectomized  and  3  were  used  as  normal  controls.  The  results  al- 
ready described  were  found  to  repeat  themselves  both  in  blood  and  tissue.**    The 


♦Observations  to  be  published. 
'•Details  will  be  reported  in  a  future  publication. 
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proliferation  of  the  various  types  of  tissues  is  comparable  to  the  proliferation  of 
the  small  arteries  in  lungs  and  kidneys  together  with  changes  in  the  spleen  re- 
sembling those  found  in  "Gaucher's  spleen,"  which  have  been  observed  by  Mc- 
Means  after  forced  cholesterin  feeding. 

I  have  studied  simultaneously  in  goats  the  effect  of  cholesterin  feeding  alone. 


Fig.  8. — (Spermophile  28.)  Proliferation  of  epithelial  elements  in  the  bladder  of  double  adrenal- 
ectomized  spermophile  (citellus  tridecemlineatus),  which  had  been  gfiven  light  roentgen  treatment  (42 
Ilolzknecht   in   the   course   of   6    months   at   distance    of  24   inches   from   the   tube).      (H.^.  x  300   diam.) 


Fig.   9. — (Same   as   Fig.   8.)      Proliferation   in   the   outer   zone   of   the   kidney.      (ll.i;.  x300   diam.) 


the  influence  of  the  rctntgen  rays  alone,  and  the  influence  of  cholesterin  feeding 
combined  with  roentgen  treatment.  Here  also  similar  changes  in  the  blood  pic- 
ture were  observed.     Six  goats  were  used  for  this  experiment. 

The  blood  of  our  six  goats  was  examined  weekly  for  a  period  of  six  weeks 
before  the  experiments  were  begun.     During  this   time  the  animals   were  kept 
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under  uniform  and  constant  conditions,  and  no  great  variations  in  their  blood 
picture  occurred.  'I'he  most  marked  changes  were  those  produced  by  cholesterin 
feeding  alone.**  These  changes  in  one  of  the  goats  ( Xo.  21  )  are  shown  in  Table  I. 
Recently  I  have  made  a  series  of  observations  <^n  the  cholesterin  content  of 
the  blood  of  patients  sufifering  from  malignant  disea.se.  The  Autenrieth-Funk*"' 
method  and  Bloor's^"  modification  thereof  were  used.  In  some  cases  Bloor's  test 
gave  slightly  higher  values,  in  others  the  results  were  identical.  The  highest 
value  has  been  given  in  the  table.  The  normal  cholesterin  value  as  given  by 
Authenrieth  and  lUoor  averages  about  0.18  with  a  low  limit  of  0.14  per  cent. 
The  high  normal  value  has  not  yet  been  determined,  but  I  have  found  it  as  high 
as  0.27  per  cent  in  apparently  normal  adults.  Authenrieth  has  found  a  choles- 
terin value  as  high  as  0.30  per  cent  in  the  blood  of  normal  pregnant  women. 
In  a  case  of  xanthoma  tuberosum  he  reports  a  cholesterin  \alue  in  the  blood  of 
0.58  per  cent  before  operation  and  0.54  per  cent  after  operation. 


TABI,b;  I. — CH.VNGKS    IX  THE  BLOOD-PICTURli  OF  GOAT   FKU  CHOUESTKRIX   ONLY    (GOAT  21). 

(Rcsuhs  expressed  in  per  cent.) 


<u  <u 


O  r^  *^ 

VO  3  O  O  *  1  — 

-^  c  °  °  t^'  r;  — 

ON             o  >.          —              —■->.,-;         -       5"  .•"     —        ,  -T-      :t    -        .  ^ 

'-'                   S     g                -                      O         E     ?^         "               5           C:     C           2         -.C     •-        ■-   -^             Z  C                  o 

Q         !^  ^        ir.           J    w  ^    :^       :-     X  i'    X     :-  -5    -:  ^'     :-  :-         o 

Period  I. — Control  Period. 

Sept.    10        24  70.5  1.5     —        1.5—2        ______ 

Oct.       4        38           50            7.5     _        i          2        1.5     —        —        —        —  —        0.124 

18        30          60.5         7.5       1        1        —        ——        —        —        —  —        0.0&4 

21  31           58.5          9.5—      —        —        1        —        —        —        —  —        0.078 
25       Z^          53.5          5.5—1          1        1        —        —        —        —  —        0.07 
28        54.5        30.5          5.5       2        5          3        ——        —        —        —  —        0.072 

Period  2. — 0.30  Gm.  Cholesterin  Daily  (Beginning  Xov.  2). 

Nov.      8        28          25          25        10.5     4          6.5       .5         .5    _        _        —  _        0.15 

15        27.5        12.5        10        24      10.5       2        1.5       1        —        —        —  —        0.185 

22  26.5        14           10        15        7          2        4          3            .5       6          3  —        0.146 
Dec.      6        26.5          9           10          5        5          1        7        10          1.5      15          5  —        0.158 

13        44            2.5          6.5         .5     8        —      11        —          1.5     20          3.5  1.5     0.158 

20        33              8           24          2         1          4       11          4          2         12          9  2        0.14 

27        30.5          9           13.5       3        3.5       2        8         2          1        18         9  .5     0.186 

Jan.       5        25             8           19          2        7          6.5    10          2        —        18          2  1.5     0.168 

10        30            5           12.5       3      10          4      12.5       4—991  0.158 

17        19            5           11          7      11        16      14        —           .5      15          8  1        0.14 
24        27          30           11          5.5     4.5      11.5     2.5       2 

IMeg.    —          5.5         .5  —        0.14 

Feb.      1        38          27           12          4        4.5       8.5      1        —        —         3.5     —  1        0.13 

7        30          26.5        16          3      15          3.5      1.5       1.5     —         2.5     —  .5     0.13 
Hemoglobin,  20  per  cent;   erythrocytes,   16  million;  leukocytes,   15,200;  index,  0.7. 

'Transitionals — variety    of    "large    mononuclears,"    with    kidney-shaped    nucleus ;    the  typical    mono- 
nuclears with  single  round  or  slightly  oval  nucleus  were  not  found  in  this  count. 

•  /r"™°'"  1- — term  borrowed  from  Schleip's  Atlas  der  Blutkrankheiten  Leukosarcomatosis,  p.   128,  Fig. 
61,  with  which  the  cells  appeared  to  be   identical. 

■  ,  **!T"'"°r,  -• — *^'''"  borrowed  from  Schleip's  Atlas    (Carcinose  des  Knochenmarks),  p.    124,   Fig.   59,  h., 
with  which  cells  appeared  to  be  identical. 
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The  values  found  in  the  blood  in  the  cases  of  malignancy  that  I  examined  are 
given  in  Table  II. 

W'eltmann*"  has  studied  the  cholesterin  percentages  found  in  the  blood  un- 
der various  conditions  of  disease,  and  finds  them  relatively  high  in  arteriosclerosis, 
nephritis,  non-ulcerating  tumors,  disease  of  the  liver,  and  diabetes,  but  as  he  uses 
another  method  (a  modification  of  the  Neumann-Hermann  test  with  different 
scale  and  different  color-reaction)  and  as  he  himself  points  out,  "obtained  not 
accurate  but  only  comparative  values,"  his  data  cannot  be  used  for  comparison 
with  mine  which  are  comparable  only  to  Authenrieth's  findings  in  the  case  of 
xanthoma  tuberosum   (0.58)   referred  to  above. 

As  may  be  seen  in  Case  147020  (Table  II),  the  patient  having  the  highest 
cholesterin  value  of  all  showed  not  only  symptoms  of  proliferation  in  the  bl-cod 
(109  normoblasts,  14  megaloblasts  in  a  count  of  300  cells;  a  picture  typical  of 
pernicious  anemia  according  to  Ehrlich ;  atypical  according  to  Grawitz)  but  ma- 
lignant degeneration  in  a  nmnber  of  histologically  diverse  tissues  as  well  (Figs. 
10  to  14). 

In  Case  140350  the  formation  of  a  rapidly  growing,  highly  malignant  tumor 
was  preceded  by  a  clinical  history  of  unrecognized  chronic  appendicitis.  The 
chronic  inflammatory  condition  had  lasted  for  several  years  and  during  this 
period  the  patient  had  gained  considerably  in  weight.  At  operation  uterine 
fibroids  were  found.     After  hysterectomy  and  unilateral  ovariectomy,  the  men- 


TABLE  II. — CHOLESTERIN  VALUES   IX   THE  BI.OOD  OF  PATIENTS   WITH    MALIGNANCY. 

Age        Civil  t^.  .  ^  Cholesterin 

Diagnosis. 

General    carcinomatosis    with 

blood    picture    of    pernicious 

anemia 

Epithelioma  of  tongue 

Pernicious  anemia   (?) 

Epithelioma  of  tongue 

Mass     in     tlie     sigmoid     (l)c- 

nign  ?)  + 

Recurrent     cancer    of     lower 

jaw 

Epithelioma  of  tlie  arm;  am-radium  ; 

putation-H-    (exarticulation    at       treatments 

shoulder) 

Cancer    (?)   of  the  tongue,  Potassiuni 

blastomycosis  iodide ;  iodine 

locally;    radium  0.266 

Muhiple  l\nipIiomas  Operation; 

radium  ; 

Fowler's  solution  0.254 

*AvcraKe  of  10  to   12  reailinRs  on   inch   specimen   nf  hl'xid   exaiiiiiu'd. 

**I<a(linin  ajipears  to  lower  cholesterin  values. 
+nioocl   for  cholesterin   test    was   taken   during  anestliesia    for   operation;   patient   Iiail    been   under   the 
anesthetic  for  \5  minutes.     'Phc  efTect  of  ether-anesthesia  on  cholesterin   values  is  heintj  studied;   the  values 
seem  to  be  lowered  1)y  anesthesia  and  by  radium  treatment. 

■H-The  sigmoid  and  colon  descendens  ap)ieared  to  he  involved  thiiu,i;h  (he  cli.iiacter  of  the  tumor 
could  not  be  ilefined.  Since  tlie  jiaticnt  was  in  fairly  ])oor  health  ;ind  diil  not  present  any  clinical  symp- 
toms of  malignancy,  operation  which  would  probably  have  meant  the  resection  of  two-thirds  of  the  larpe 
intestine  seemed  cnntraindicated.  The  clinicians  expressed  the  opinion,  however,  that  operation  might  he 
necessary   eventually   on   account  of  obstruction   or   the  deveh)pment    of   malignant    symptoms. 


Number. 

Sex. 

Years. 

Stal 

1-  147020 

F 

35 

M 

2-  154152 

F 

55 

M 

3-  136512 

F 

39 

U 

4-  152'580 

F 

52 

M 

5-  150864 

F 

49 

M 

6-  137213 

M 

45 

M 

7-  150350 

F 

48 

AI 

8-  151635 

U 

52 

M 

9-  133093 

f 

65 

.M 

Treatment. 

Per  cent.* 

Transfusions 

Autopsy 

0.710 

Before 

treatment** 

"       0.502 

Two   trans- 

fusions 

0.502 

Before 

treatment 

0474 

Before 

treatment 

0.446 

Before 

tre.itmeni 

0.446 

ium  : 

IriMtments 

0.446 
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strual  period  disappeared  completely.  A  year  later  slight  injury  to  a  birthmark, 
which  had  never  given  any  trouble  (patient's  age  47)  resulted  within  two  months 
in  the  development  of  a  highly  malignant  tumor  (Figs.  18  to  20).  Five  points  in 
the  history  of  this  patient  seem  to  deserve  special  attention  :  (1)  a  condition  of 
chronic  infection,  which,  existing  during  a  considerable  period,  is  likely  to  have 
overtaxed  the  adrenal,  the  chief  organ  of  regulation  in  cholesterin  metabolism, 


Fig.  10. — (IA7AZQ.)  Multiple  primary  tumors, 
atypical  form  of  pernicious  anemia,  high  cholesterin 
value  in  the  blood  (0.71%),  malignant  prolifera- 
tion  of   the   gastric  mucosa.      (H.E.  x  250   diam.) 


Fig.    12. — (^Sanie   as    Fig.    10.)      Invasion    of    the 
outer   muscular    strata.      (H.E.  x  600   diam.) 


Fig.   11. —  (Same  as  Fig.    10.)     Malignant  invasion   of  the  muscularis  mucosa.      (H.E.  x  350   diam.) 

(2)  the  increase  of  body-fat  observed  in  the  patient,  which  must  be  considered 
a  measure  of  defense  against  the  accumulation  of  cholesterin,  as  has  been  stated 
by  Rothschild,  (3)  the  high  cholesterin  value  of  the  blood,  (4)  the  benign  tumors 
found  at  operation  which  may  be  considered  another  evidence  of  existing  hyper- 
cholesteremia, and  (5)  the  highly  malignant  tumor  which  developed  within  a 
year  after  cessation  of  the  menses  and  which  may  be  said  to  suggest  that  re- 
productive activity  and  malignant  growth  are  more  closely  related  than  has  been 
universally  believed. 
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The  influence  of  the  sex  glands  on  cell  proliferation  has  been  studied  by  a 
number  of  writers  (Graf,  Almagie,  Rohdenburg.  Bullock,  Johnson,  Hilario*®), 
the  results  of  these  investigations  in  many  cases  leading  to  conclusions  dia- 
metrically opposed.  Sweet,  Corson-AMiite  and  Saxon*'^  found  that  "the  receptiv- 
ity for  a  tumor  with  moderate  powers  of  proliferation  is  increased  by  castration 
and  that  the  proliferative  power  of  the  neoplasm  is  augmented."     The  effect  of 


Fig.    13. — (Same   as    Fig.    10.)      Malignant    proliferation    in    the    uterine    glands    (compare    with    Fig.    6). 

(H.E.  x600   diam.) 


Fig.    14. — (Same  as  Fig.    10.)      Left  ovarv,  tumor   15   cm.   diameter.      Diffuse  tvpe   of  carcinoma. 

(H.E.  X  350  diam.) 


castration  cm  the  formation  of  benign  tumors   in  the  antlers  of  deer  has  been 
commented  on  by  Lauterborn"'"  and  Tandler  and  Gross. "'^ 

Recently  Lathrop  and  Loeb^-  have  called  attention  to  the  influence  of  castra- 
tion in  young  mice  under  six  months  by  which  the  cancer  incidence  is  decreased 
and  the  cancer  age  increased.  They  mention  also  "that  non-breeding  mice  be- 
come fat  at  the  age  of  9  months,  and  at  13  months  almost  all  are  extremely  fat 
— a  change  usually  associated  with  a  decline  in  the  breeding  acti%'ity."  The  fact 
that   in   these   experiments,   castration  exercised  a   restraining  influence  on    the 


Fig.  15.— (Same  as  Fig.  10.)  Tumor  of  right 
ovary.  6  cm.  in  diameter.  Two  types  of  carcinoma. 
Diffuse  type  mixed  with  solid  strands.  (H.E.  X 
350   diam.) 


Fig.  16. — (Same  as  l"ig.  10.)  .Malignant  degen- 
eration of  the  liver-"trabecula."  This  type  of  ma- 
lignancy was  otjserved  in  every  section.  No  met- 
astatic nodules  were  found.      (H.R.  x300  diam.) 


Fig.    17 -A. 


Fig.    17-B. 


Fi?.    17-C. 


Fig.    17,    A,   B,    C. — (Same    as    Fig.    10.)      Lumbar   lymphatic    gland    containing   three    different    types 
of   carcinoma   of  metastatic   origin    (A,   diffuse;    B,   solid   strand;    C,   adenoma).      (H.E.  x  250    diam.) 
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progress  of  malignancy  only  when  the  operation  was  performed  on  young  ani- 
mals seems  to  suggest  that  the  young  organism,  not  yet  entirely  grown,  might  be 
able  to  utilize  any  surplus  of  cholesterin  resulting  from  castration  for  purposes 
of  natural  growth,  or  that  it  has  greater  powers  of  elimination  at  its  command. 
I  was  able  to  observe  a  distinct  increase  of  cholesterin  in  the  blood  of  goats  fol- 
lowing castration  and  the  same  observation  has  been  made  by  Lowenthal^^  in 
rabbits.     The  increase  of  body  fat  usually  observed  in  castrates  and  noted  by 


Fig.    18. — (150350.)      Melano-epithelioma    originating   from    a   birthmark   after    slight    injury. 


Fig.    19.  —  (Same    as    Fig.    18.)       Carcinomatous    i)ortion    of    tlie    tumor.       (Il.lC.  x350    diam.) 


Lathrop  and  Loeb  in  their  non-breeding  mice  would  seem  to  indicate  (in  connec- 
tion with  other  evidence  concerning  the  physiologic  activity  of  cholesterin)  that 
the  g-enerative  organs  utilize  a  certain  proportion  of  the  available  ciiolesterin  for 
the  formation  of  the  reproductive  cells. 


SUMM.\RY. 


1.     Clinical  data  and  experimental  observation  alike  suggest  that  the  causative 
factor  in  the  production  of  malignant  proliferation  is  widely  distributed  within 


the  organism. 
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2.  There  is  reason  to  believe  that  this  fundamental  factor  is  chemical  in 

its  nature. 

3.  The  existence  of  a  gradual  transition  between  normal,  reparative,  benign 
and  malignant  proliferation  has  been  commented  on  by  many  observers. 

4.  The  evident  connection  observed  between  an  increase  of  cholesterin  and 
proliferation,  both  normal  and  abnormal,  seems  to  suggest  that  cholesterin  may 
act  as  a  stimulant  to  cell-division. 

5.  After  puberty  and  under  normal  conditions  the  process  of  cell-division 
is  constantly  demonstrable  in  the  sex  glands. 

6.  Recent  investigations  have  shown  that  the  sex  glands  appear  to  take 
an  active  (perhaps  a  prominent)  part  in  the  regulation  of  cholesterin  metabolism. 


Fig.  20. — (Same  as  Fig.   18.)      Sarcomatous  portion  of  the  tumor.      (H.E.  x  800  diam.) 

As  cholesterin  is  stored  in  considerable  quantities  in  the  corpus  luteum  during 
pregnancy,  and  increases  in  the  blood  after  castration,  it  seems  permissible  to 
assume  that  it  may  in  some  way  stimulate  the  formation  of  the  generative  cells. 

CONXLUSIOX. 

These  observations,  the  fact  that  the  cancer  age  coincides  wdth  the  cessation 
of  reproductive  activity  as  shown  by  the  cancer  statistics  (Prinzing^*),  the  im- 
portance of  metabolism  emphasized  by  Hoffmann  in  his  statistical  review  on  the 
cancer  rates  of  the  \\'estern  Hemisphere,  and  the  influence  of  heredity  (the  trans- 
mission of  inadequate  organs)  established  by  the  w^ork  of  Slye,^^  all  seem  to 
support  the  view  that  the  retention  of  cholesterin  due  to  its  insufficient  conversion 
or  defective  elimination  may  be  a  primary  factor  in  the  etiolog}'  of  malignant 
disease. 
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THE  PRESENT  STATUS  OF  TUBERCULOSIS  CHEMOTHERAPY  * 


By  Lydia  M.  DeWitt,  Chicago,  III. 


TUBERCULOSIS  is  a  disease  of  so  irregular  a  course,  with  such  a  tendency 
to  periods  of  latency  or  intermission,  alternating  with  periods  of  acute 
exacerbation  and  long  periods  of  slow,  chronic  progress,  that  it  is  most  deceptive 
in  its  therapy.  Any  treatment  begun  just  before  an  interm'ission  seems  to  be 
the  cause  of  the  apparent  improvement,  while  one  begun  before  an  exacerba- 
tion is  regarded  as  injurious.  These  facts  make  a  judgment  based  on  clinical 
evidence  unreliable  unless  it  extends  over  long  periods  and  includes  a  large  num- 
ber of  patients.  Among  experimental  animals,  moreover,  we  have  some,  like 
the  guinea-pig,  so  extremely  susceptible  that  they  seem  to  have  no  natural  forces 
of  resistance  and  the  disease  is  almost  uniformly  fatal  regardless  of  treatment. 
If  anvthing  would  cure  the  disease  in  guinea-pigs,  therefore,  it  would  almost 
certainly  do  so  in  man,  who  is  much  less  susceptible.  But  it  is  quite  possible 
that  some  treatment  might  cure  the  disease  in  man  which  would  have  little  or 
no  effect  in  the  guinea-pig.  The  rabbit  and  the  mouse,  on  the  other  hand,  are 
much  more  resistant  to  human  tuberculosis  than  is  the  guinea-pig,  but  the  path- 
ologic character  of  the  disease  produced  by  infection  is  quite  unlike  human 
tuberculosis.  Hence  no  experimental  animal  has  yet  been  found  in  which  con- 
ditions are  quite  comparable  to  those  in  man.  It  is  necessary,  therefore,  to 
use  the  available  experimental  animals  in  testing  toxicity,  determining  dosage 
and  palliative,  if  not  curative  effect ;  in  other  words  in  "getting  a  lead"  as  to  the 
usefulness  of  any  proposed  method  of  treatment.  If  we  find  that,  in  a  large 
series  of  animals  as  susceptible  as  the  guinea-pig,  a  given  treatment  uniformly 
and  consistently  delays  death,  lessens  the  dissemination  of  the  tul)erc1cs,  in- 
creases connective  tissue  formation  and  diminishes  the  virulence  and  virility 
of  the  tubercle  bacillus,  even  though  the  infection  is  not  cured,  we  have  a  right 
to  conclude  that  it  is  wortliy  of  consideration  and  of  trial  on  human  patients. 
Even  then  it  must  be  subjected  to  long  periods  of  trial  on  large  numbers  of 
patients  before  it  can  be  accepted  as  of  value  in  tuberculosis  therapy. 

Since  the  failure  of  tulierculin  in  all  its  forms  as  a  specific  cure  for  the 
disease,  investigators  have  turned  ahudsl  with  (Hie  accord  to  cliemotheraiiy,  be- 
lieving that  in  the  vast  number  of  chemical  subslaiKH's  and  the  endless  variety 
of  possible  combinations  of  these,  .some  miglit  hi-  fuund  h;i\i!ig  a  specific  lienc- 
ficial  action  on  tuberculosis.  These  investigators  have  been  encouraged  by  the 
success  of  h'lirlich  and  his  coworkers  in  proto/.nan  and  spirochetal  infections. 
In  tul)ercul()sis,  however,  we  have  quite  a  different  prolilem.  Instead  of  a  deli- 
cate, naked  organism  cirruhiting  in  tlu'  blood  stream,  we  ha\e  an  (Organism  pro- 
tected by  a  difficnltK-  peiiueabK  inendnane  and  rari'ly  found  in  llic  circulating 
blood,  but  usually  in  non\a^cular  and  ol'ti'n  necrotic  cells  or  groups  of  cells. 
These  necrotic  masses  are  readilv  pernuated  by  crystalloid  and  semicrystalloid 
substances,  which  inllnence  the  tubercle  t'a\drably  or  un  favoi-ably,  fu'st  by  break- 
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ing  down  the  tissue  and  permitting  its  absorption,  second  by  favoring  connec- 
tive-tissue formation  and  calcification  (Nature's  method  of  effecting  a  cure); 
third,  by  attacking  the  bacilli  themselves,  whether  intra-  or  extracellular.  Cer- 
tain true  colloids  also  may  be  taken  up  l)y  phagocytic  cells  and  carried  to  the 
tubercles.  The  principal  methods  of  attack  are:  (a)  direct,  on  the  organism 
of  the  disease,  killing  it  or  inhibiting  its  growth;  and  (b)  indirect,  on  the  pro- 
tective agencies  of  the  body. 

Relatively  few  chemical  compounds  have  as  yet  been  tested  with  relation 
to  their  value  in  tuberculosis  and  it  is  the  purpose  of  this  paper  to  give  briefly 
the  present  status  of  chemotherapy  in  tuberculosis. 

lODIXE. 

Iodine  is  one  of  the  substances  longest  used  in  the  treatment  of  tuberculous 
patients.  Its  earlier  use  was  no  doubt  purely  empirical.  In  1905,  however, 
Cantacuzene,^  as  the  result  of  an  experimental  study,  reported  that  fat-free 
tubercle  bacilli  lose  much  of  their  toxicity  if  treated  with  an  iodine  solution  pre- 
vious to  their  injection  and  that  they  are  then  absorbed  much  more  readily 
than  the  noniodized  bacilli.  He  also  states  that  fat-free  bacilli  and  tubercles 
formed  from  them  in  guinea-pigs  are  much  more  rapidly  absorbed  if  potassium 
iodide  is  administered  to  the  animals  daily,  the  iodine  salt  stimulating  the  phago- 
cytic power  of  the  endothelial  cells.  Hirsch-  repeated  these  experiments  and 
enlarged  upon  them,  but  was  unable  to  verify  the  results  obtained  by  Cantacu- 
zene.  Hirsch  concludes  that  there  is  no  experimental  proof  that  iodine  and 
iodides  facilitate  the  absorption  of  necrotic  tissue  and  organization  of  tuber- 
culous and  other  granulation  tissues.  The  daily  administration  of  potassium 
iodide  does  not  hasten  the  removal  of  tubercle  bacilli  by  stimulating  the  phagocy- 
tic power  of  endothelial  cells.  Iodized  fat-free  tubercle  bacilli  are  absorbed  no 
faster  than  are  the  noniodized.  Loeb  and  Michaud^  found  that,  if  iodine  in 
various  forms  was  injected  into  tuberculous  animals,  much  more  iodine  was 
found  in  tuberculous  than  in  normal  tissues.  This  finding  was  confirmed  by 
Wells  and  Hedenburg,*  who,  however,  found  that  this  property  was  not  specific 
for  tuberculous  tissues,  but  was  common  to  other  necrotic  tissues  and  due  to 
the  fact  that  dead  and  injured  cells  are  more  easily  permeated  by  crystalloids. 
Lewis^  also  found  a  greater  amount  of  iodine  in  tuberculous  than  in  normal  tissues 
of  animals  treated  w^ith  iodine  compounds,  but  he  also  found  more  iodine  in  tuber- 
culous than  in  normal  tissues  of  animals  not  intentionally  treated  \vith  iodine.  No 
systematic  experimental  work  has  as  yet  been  published  on  the  therapeutic  ac- 
tion of  iodine  in  tuberculosis.  DeA\^itt  and  Sherman*^  found  that  Lugol's  solu- 
tion, full  strength,  could  not  be  depended  upon  to  kill  tubercle  bacilli  in  twenty- 
four  hours  and  I  have  as  yet  found  little,  if  any,  therapeutic  effect  from  the  use 
of  various  iodine  dye  compounds  used  by  me  in  the  treatment  of  tuberculous 
guinea-pigs,  although  von  Linden  claims  considerable  value  for  her  iodine  com- 
pound of  methylene  blue. 

ARSlJNIC. 

Arsenic  also  is  one  of  the  drugs  long  used  more  or  less  empirically  in  the 
treatment  of  tuberculosis  and  it  is  natural  that,  after  the  success  attending  its 
use  in  certain  spirochete  infections,  the  attention  of  investigators  on  the  chemo- 
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therapy  of  tuberculosis  should  be  turned  to  arsenic  and  its  compounds.  In 
1914,  Schumacher''  pubHshed  a  communication  on  salvarsan  as  a  true  dye,  in 
which  he  points  out  that  arsenic  destroys  many  bacteria  and  other  disease  agents 
to  which  it  is  able  to  gain  access,  but  ascribes  its  slight  effect  on  the  tubercle 
and  related  organisms  to  the  fact  that  their  waxy  envelope  prevents  penetra- 
tion and  thus  protects  them  from  the  toxic  influence  of  the  arsenic.  He  sug- 
gests that  salvarsan  might  be  made  more  effective  by  combining  it  with  some 
substance  which  could  injure  the  tubercle  bacillus  in  the  body,  such  as  cholin. 
He  also  suggests  combining  it  with  gold  or  gold-containing  dye,  so  constituted 
that  colloidal  gold  could  be  split  off.  Charpentier^  finds  that  tubercle  bacilli 
grow  well  in  the  presence  of  sodium  arsenate  or  of  atoxyl ;  not  quite  so  well 
in  methyl-arsenate  of  sodium  or  cacodylate  of  sodium.  Chemical  tests  show 
arsenic  in  the  bacillary  masses  grown  on  media  containing  arsenic ;  he  also  finds 
arsenic  in  media  to  which  he  has  added  no  arsenic,  a  fact  which  he  explains  by 
the  presence  of  arsenic  in  most  animal  tissues  and  hence  in  protein  containing 
media.  He  also  finds  that  sodium  cacodylate  in  no  way  modifies  the  progress 
of  a  tuberculous  infection  in  guinea-pigs  inoculated  with  virulent  cultures  and 
ascribes  its  favorable  influence  in  human  tuberculosis  to  its  power  to  increase 
the  natural  forces  of  resistance  which  are  present  in  man  but  not  in  the  guinea- 
pig.  In  1914,  in  a  communication  by  Wells,  DeWitt  and  Corper^  a  reference 
was  made  to  work  being  carried  on  by  Corper  and  Arkin  on  the  action  of  ar- 
senic in  experimental  tuberculosis.  The  complete  report  of  their  work  has  just 
appeared  in  the  Journal  of  Infectious  Diseases}^  They  used  sodium  arsenate, 
sodium  cacodylate,  atoxyl,  arsacetin  and  neosalvarsan.  These  preparations  do 
not  kill  the  tubercle  bacillus  in  vitro ;  they  penetrate  tuberculous  tissues,  but  not 
specifically ;  they  have  no  effect  on  the  progress  of  the  disease  in  animals. 

SODIUM    SUI^PHOCYANATe. 

Sodium  sulphocyanate  was  also  tested  by  Corper^°  and  found  to  have  no 
chemical  affinity  for  tuberculous  tissues  and  no  bactericidal  eft'ect  on  tubercle 
bacilli  in  vitro. 

DYES — VITAI,    STAINS, 

Dyes  which  can  be  introduced  into  the  living  body  without  material  in- 
jury have  for  several  years  interested  therapeutists  in  several  fields.  Thus 
Ehrlich  began  his  famous  series  of  experiments  on  the  chemotherapy  of  spiro- 
chete infections  witli  the  dye  trypan  red,  which  was  itself  trypanocidal  in  vivo. 
W'assermann  used  eosin  as  a  carrier  for  selenium  in  his  cancer  experiments. 
Ehrlich  found  methylene  blue  of  some  value  in  the  treatment  of  neuralgia  and 
malaria,  and  Einhorn  used  it  as  early  as  1891  in  the  treatment  of  pulmonary 
tuberculosis.  Lewis  is  experimenting  with  compounds  of  trypan  red  and  try- 
pan blue  in  the  treatment  of  tuberculosis,  and  W'ciP^  has  recently  published  a 
communication  on  the  use  of  certain  dyes  and  dye  compounds  in  the  study  and 
treatment  of  rat  tumors,  Congo  red  and  some  of  its  compounds  were  used 
without  therapeutic  effect,  though  they  penetrated  the  tumors. 

With  my  assistants  and  coworkers,  P-  have  for  some  years  been  investi- 
gating numerous  dyes  and  dye  compounds  with  relation  to  experimental  tuber- 
culosis.    In  this  study,  we  have  endeavored  to  ascertain  the  power  of  the  va- 
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rious  dyes  to  penetrate  and  stain  the  tubercle  and  the  individual  tubercle  bacilli; 
their  ability  to  kill   the  tubercle  bacillus  or  inhibit   its  growth  ;  their  effect  on 
the  development  of  experimental  tuberculosis  in  animals.     Because  both  tubercle 
bacilli  and  tubercles  are  rich  in  fats,  it  seemed  reasonable  to  think  that  fat  sol- 
uble dyes  might  be  more  efficient  than  fat  insoluble  ones.     Sherman,''  however, 
found   that   the   ordinary   fat   dyes,   sudan   iii.   sudan   yellow    and    sudan    brown, 
scarlet   R,   nile  blue  sulphate,   etc.,  penetrate   and   .stain   the   individual   tubercle 
bacilli  but  little,  if  at  all,  although  clumps  and  masses  of  culture  show  a  mass 
stain.     Corper'^  also  reported  that  these  dyes,  when  administered  to  tuberculous 
guinea-pigs  until  the  normal  body  fats  were  brilliantly  stained,  were  never  found 
within   the   tubercle   and   never   stained   the   bacilli   within    the   tubercles.      The 
course  of  the  tuberculous  infection  was  nc\er  influenced   favorably  by  the  ad- 
ministration of  these  dyes,  whether  given   in   water  or  oil   solutions,  by  injec- 
tion or  b}   mouth.     As  to  dyes  not  soluble  in  fats,  it  was  found  by  Goldmann^'* 
and  also  by  Lewis^*^  that  the  trypan  dyes  penetrated  to  the  center  of  tubercles. 
I   also  ascertained  that  trypan  blue  easily  penetrated   and  was  retained  in  tu- 
bercles, whether  young  and  epitheloid  in  character  or  having  necrotic  and  case- 
ous  centers,   and   also   into  the   large   necrotic   areas    so   common    in    the    liver 
and    spleen    of    tuberculous    guinea-pigs.      These    dyes    are    found    in    certain 
phagocytic  endothelial   cells  in   the   form  of  irregular,   deeply   stained,  difficultly 
soluble  granules,  while  in  the  caseous   centers  the   dye   is  partly   homogeneous 
and  partly  finely  granular.     The  tubercle  bacillus  is  stained  but  faintly,  if  at  all, 
and  is  neither  killed  by  the  dyes  nor  inhibited  in  its  growth.     Not  even  is  its 
virulence    diminished,    as   animals    infected    with    cultures    which    had    been    ex- 
posed to  these  dyes  and   innculated   animals   treated   with    these   dyes,   develop 
the  disease  as  rapidly  and  die  as  quickly  of  a  severe  generalized  infection  as  do 
the  untreated  control  animals.     Lewis^'  has  also  used  trypan  red  compounded 
with  iodine,  thymus,  eucalyptol.  guaiacol  and  iodoform,  with  no  appreciable  in- 
fluence in  prolonging  the  course  of  the  infection,  although  these  compounds  re- 
semble the  original  dye  in  their  power  to  penetrate  the  tubercle.     DeW'itt.  also, 
in  the  hope  of  increasing  its  therapeutic  power,  compounded  trypan  blue  with 
copper,  silver,  iron,  and  mercury.     These  salts  were,  however,  more  toxic  and 
had  little  more  influence  on  the  course  of  the  disease  than  the  trypan  blue,  if 
we  except  the  mercury  compounds.     The  animals  treated  with  these  latter  lived 
longer  than  the  others  and  had  very  slight  tuberculous  involvement,  either  local 
or  general. 

I  also  found  that  all  the  various  methylene  blues  tested  penetrated  the  tu- 
bercle and  stained  the  tubercle  bacilli  in  vitro  very  well ;  that  basic  fuchsin. 
crystal  violet,  erythrosyn  and  the  eosins  also  stain  the  tubercle  bacillus  well  ; 
and  that  methylene  blue,  bismarck  brown  and  brilliant  cresyl  blue  have  some 
bactericidal  power  and  a  marked  inhibitory  influence  on  the  growth  of  the  tu- 
bercle bacillus  in  vitro.  The  purified  methylene  blue  of  the  pharmacopeia  has 
but  little  general  toxicity,  though  subcutaneous  injections  cause  infiltration  and 
ulcerations.  Though  methylene  blue  possesses  so  many  qualities  which  should 
theoretically  make  it  valuable  as  a  therapeutic  agent  in  tuberculosis,  my  experi- 
ments have  not  yet  shown  any  considerable  curative  effect  in  the  experimental 
disease  in  guinea-pigs.     Von  Linden   reported  rather  better  results  than  mine. 
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especially  with  the  use  of  an  iodine  compound,  the  method  of  making  which 
and  the  formula  for  which  she  does  not  divulge.  She  states  that  this  dye  pro- 
longed life  materially,  caused  healing  of  the  initial  sinus  and  abscess,  increase 
of  weight,  lowering  of  fever  and  in  one  case  perfect  healing  and  sterilization. 

Some   modifications   of  methylene  bfue   have   been  made   for  me.      In  one 
case,  the  sulphur  of  the  methylene  blue  molecule  was  replaced  by  selenium  and 
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in  another  bv  tellurium.  These  modifications  were  suggested  to  me  by  the  find- 
ing of  Gosio^®  and  Belfanti^^  that  the  salts  of  selenium  and  tellurium  have  a 
pronounced  bacteriotropic  power  over  the  tubercle  bacillus  and  could  perhaps 
be  used  as  the  point  of  origin  for  new  therapeutic  preparations.  My  selenium 
and  tellurium   blues   were,   however,   weaker,   less   stable,   and   more   toxic   dyes 
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than  methylene  blue  and  showed  no  advantages  over  it.  An  iod-methylene  blue 
has  also  been  made  for  me,  in  which  one  iodine  atom  is  in  the  ring.  ^ly  ex- 
periments with  this  are  still  untler  way  and  will  be  reported  in  detail  later. 

HEAVY    METALS. 

In  1914,  DeWitt  and  Sherman-"  published  the  results  of  a  series  of  in- 
vestigations on  the  bactericidal  action  of  numerous  chemical  disinfectants  on 
the  human  tubercle  bacillus.  Growth  tests  were  made  on  artificial  media  and 
life  and  virulence  tests  on  guinea-pigs.  It  was  ascertained  that  O.COl  per  cent 
of  mercuric  chloride  killed  within  twenty-four  hours  all  organisms,  if  spread 
out  in  a  thin  layer  on  glass  beads.  It  required  0.004  per  cent  to  destroy  their 
power  of  growtli  in  twenty-four  hour.s.  if  the  organisms  were  clum]KHl.  Gold 
chloride  came  ne.\t  in  bactericidal  power.  0.005  per  cent  killing  within  twenty- 
four  hours  all  tubercle  bacilli,  if  spread  out  in  a  ihin  layer  on  glass  beads..  If 
in  clumps,  it  required  0.01  per  cent  to  destroy  their  power  of  growth.  It  was 
stated  by  Koch-^  that  one  i)art  of  gold  cyanide  in  2.000,000  parts  of  media  com- 
l)letely  inhibited  the  growth  of  tubercle  liacilli,  a  statement  which  I  have  been 
able  to  verify,  v'^ilver  nitrate  is  slightly  less  bactericidal  for  these  organisms, 
0.01  per  cent  kilHng  them  witliin  twenty-four  liours.  if  in  thin  la\er  and  0.05 
per  cent,  if  in  clumps. 

Copper  chloride  stands  lowest  of  all  the  metals  tested,  as  it  required  5 
per  cent  to  kill  in  twenty-four  hours  all  the  bacilli,  if  spread  out  in  a  thin  layer 
and  even  25  per  cent  did  not  kill  all  if  they  were  in  clumjis.     \'on  Ijnden  claimed 
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that  one  part  of  copper  chloride  in  1,000,000  parts  of  media  inhibited  the  growth 
of  tubercle  bacilli  and  that  one  part  in  100.000  killed  all,  even  in  clumps.  Feldt" 
found  that  for  inhibition  one  part  in  5,000  up  to  one  part  in  50,000  was  needed 
according  to  the  preparation  used.  In  our  own  work  we  found  it  necessary 
to  use  at  least  one  part  of  copper  chloride  in  100»000  parts  of  media  to  com- 
pletely inhibit  development  of  the  culture.  In  spite  of  its  low  tuberculocidal 
power,  copper  has  received  more  attention  than  the  other  metals  from  investi- 
gators in  the  chemotherapy  of  tuberculosis.  As  early  as  1885,  Luton-''  recom- 
mended the  use  of  copper  in  human  tuberculosis  and  to  some  extent  it  has 
been  used  ever  since.  It  came  into  renewed  prominence  in  1912,  when  Grafin 
V.  Linden  reported  before  the  Tenth  International  Congress  for  Tuberculosis 
that,  it  treatment  of  guinea-pigs  with  copper  and  methylene  blue  was  begun 
within  fourteen  days  after  inoculation  with  a  tubercle  culture  of  relatively  low 
virulence  and  continued  for  six  months,  the  disease  was  checked  or  healed  in 
75  per  cent  of  the  cases.  The  copper  was  more  energetic  in  its  action  than  the 
methylene  blue.  Since  1912,  v.  Linden-*  has  published  numerous  preliminary 
communications  and  in  1915,  a  complete  and  detailed  report  of  her  work.  Many 
other  investigators  have  attempted  to  verify  her  work  and  have  failed  to  ob- 
tain any  results  comparable  to  hers,  while  ever}-  claim  put  forward  by  her  has 
been  contradicted  by  careful  investigators.  Moewes  and  Jauer-^  used  several 
compounds  of  copper,  among  them  the  preparations  recommended  by  v.  Linden 
and  found  them  uniformly  toxic  for  animals  and  useless,  so  far  as  influencing 
the  progress  of  the  disease  is  concerned.  Corper-'''  analyzed  for  copper  the  tis- 
sues of  many  tuberculous  animals  treated  for  long  periods  with  different  prep- 
arations of  copper  and  found  no  appreciable  amount  of  copper  in  the  tuber- 
culous areas  and  observed  no  effect  on  the  course  of  the  disease. 

GOLD. 

Basing  their  experiments  on  the  previously  quoted  statement  of  Koch  re- 
garding the  high  inhibitor}-  value  of  gold  salts,  reports  of  experiments  on  the 
therapeutic  power  of  gold  salts  in  tuberculosis  were  published  in  1913  and  the 
following  years  by  Bruck  and  Gliick,  by  Spiess  and  Feldt,  by  Mayer'"  and 
others.  The  work  of  Bruck  and  Gliick-'  is  concerned  mainly  with  the  action 
of  gold  potassium  cyanide,  with  which  they  obtained  good  results,  especially 
in  lupus.  Feldt-*  and  Spiess  and  Feldt-^  have  made  and  patented  under 
the  trade  name  "Aurocantan"  a  compound  of  gold  cyanide  with  ethylene-diamine- 
cantharidin.  The  compound  used  is  mono-cantharidin-ethylene-diamine-aurous 
cyanide.  They  state  that  both  cantharidin  and  gold  are  specific  for  tuberculosis, 
that  the  toxicit}^  of  cantharidin  is  greatly  reduced  by  condensation  with  ethy- 
lene diamine,  and  that  the  aurocantan  is  much  less  toxic  and  more  effective 
than  the  gold  cyanide  alone.  The  preparation  is  administered  intravenously 
and  has  been  used  alone  and  also  combined  w-ith  other  treatment ;  e.g.,  tuber- 
culin, borcholin,  and  with  ultra  violet  rays.  They  consider  that  the  effect  of 
the  gold  is  due  largely  to  its  oxygen  carr}ang  power.  Its  effect  in  tuberculous 
animals  consists,  according  to  the  claims  of  these  workers,  in  increase  of  weight, 
prolongation  of  life,  checking  the  spread  of  the  disease  in  the  internal  organs 
and  favoring  connective  tissue  encapsulation  of  the  tubercles.     They  also  claim 
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that  the  tubercle  bacilU  in  the  body  become  thin,  granular  and  strongly  ag- 
glutinated. In  patients  with  open  pulmonary  tuberculosis,  the  sputum  dimin- 
ished in  amount,  the  tubercle  bacilli  disappeared,  the  amount  of  sputum  pro- 
tein diminished  and  physical  signs  improved.  These  workers  say  that,  as  sil- 
ver is  specific  for  pyogenic  cocci,  arsenic  for  spirochetes  and  copper  for  algae, 
so  is  gold  specific  for  tubercle  bacilli.  I  have  for  some  months  been  carrying- 
on  investigations  with  gold  cyanide  and  gold  potassium  cyanide  in  the  treat- 
ment of  experimental  tuberculosis  in  animals,  but  my  work  has  not  yet  progressed 
far  enough  for  me  to  be  willing  to  either  affirm  or  deny  the  claims  of  these  in- 
vestigators. 

MERCURY. 

So  far  as  I  have  been  able  to  ascertain,  no  work  on  the  mercury  therapy  of 
experimental  tuberculosis  has  as  yet  been  published,  in  spite  of  the  fact  that 
this  metal  stands  at  the  head  of  the  heavy  metals  in  its  tuberculocidal  power. 
The  high  toxicity  of  the  simpler  mercury  salts  has  necessitated  the  making  of 
new  preparations  less  toxic  for  the  animal  tissues  while  still  preserving  a  high 
parasiticidal  and  inhibitory  power.  Many  complex  organic  compounds  have 
been  made  and  tested  as  to  toxicity,  distribution  and  influence  on  diseases  caused 
by  spirochetes  and  spirilla.  Among  these,  mention  may  be  made  especially  of 
numerous  so-called  mercurialized  dyes,  made  and  tested  by  several  investiga- 
tors, notably  Hahn  and  Kostenbader.^^  In  one  group  of  these  dyes,  the  mer- 
cury is  bound  to  nitrogen,  oxygen,  or  some  group  outside  of  the  ring;  in  a  sec- 
ond group,  the  mercury  is  attached  by  one  valence  to  a  carbon  atom  in  the  ring, 
the  other  valence  being  joined  to  oxygen  or  some  other  atom  or  group;  in  the 
third  group,  the  mercury  connects  two  rings,  both  of  its  valences  being  bound 
to  carbon.  Some  of  these  compounds  were  made  synthetically,  others  by  sub- 
stitution in  the  dye  molecule.  Jacobs  and  Heidelberger'-  have  made  a  number 
of  mercuric  acetate  derivatives  of  the  aromatic  amines,  most  of  their  compounds 
having  a  dye  character.  For  some  months,  I  have  been  carrying  on  investiga- 
tions on  the  action  of  some  mercury  dye  compounds,  as  well  as  other  mercury 
salts.  My  experiments  are  still  in  progress  and  it  is  too  early  to  give  any  de- 
cisive answer  to  the  question  whether  mercury  can  be  considered  efficient  in 
the  treatment  of  tuberculosis.  Most  of  the  preparations  used  are  toxic  and 
have  had  no  apparent  beneficial  influence  on  the  course  of  the  disease.  A  few, 
like  mercury  nucleide  and  l-amino-2(p-naphthalene-azo-phenyl  mercuric  ace- 
tate) 5  sulphonic  acid  have  consistently  diminished  the  dissemination  of  the 
tuberculous  lesions.  Tuberculous  animals  treated  with  mercurialized  methyl- 
ene blue  have  lived  much  longer  than  untreated  controls  and  the  distribution 
of  tubercles  in  the  internal  organs  has  been  much  less  extensive.  A  complete 
and  detailed  report  of  all  these  investigations  will  be  published  later. 

So  far,  then,  our  chemotherapeutic  studies  have  resulted  in  no  experimental 
demonstration  of  any  chemical  specifics  for  tuberculosis.  The  evidence  re- 
garding iodine,  arsenic,  copper  and  most  of  the  dyes  has  been  in  the  main  nega- 
tive. Gold,  mercury  and  certain  dye  compounds  are  still  on  trial  and  no  de- 
cisive results  have  yet  been  obtained.  It  must  be  concluded,  therefore,  that  we 
are  still  just  at  the  beginning  of  the  experimental  study  on  the  chemotherapy  of 
tuberculosis. 
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SUGAR   CONTENT    OF    THE    CEREBROSPINAL   FLUID   IN   HEALTH 

AND  DISEASE.* 

By  Walter  M.  Kraus,  A.M.,  M.D.,  and  G.  G.  Corneii^le,  M.D., 

New  York  City,  N.  Y. 

THE  clinical  value  of  the  estimation  of  the  sugar  content  of  the  cerebrospinal 
fluid  is  still  open  to  discussion.  A  series  of  cases  were  therefore  tested 
with  the  idea  of  determining  the  changes  which  disease,  particularly  syphilis  of 
the  nervous  system,  might  cause. 

In  the  natural  course  of  events,  many  cases  which  were  suspected  to  be 
syphilitic  did  not  show  any  evidence  of  this  by  biological  tests.  These  cases 
were,  as  far  as  the  central  nervous  system  was  concerned,  normal.  The  in- 
vestigations of  von  Jaksch'^  in  twenty  cases  showed  the  range  of  normal  to  be 
from  .06  to  .08  per  cent.  Kopetsky-  used  Benedict's  copper  method  and  found 
an  average  value  of  .046  per  cent  in  eight  cases.  Mestrezat"*  found  the  average 
in  twenty  cases  to  lie  between  .048  and  .053. f 

Method. — The  spinal  fluid  was  examined  within  a  few  minutes  of  with- 
drawal. The  globulin  was  tested  and  spinal  fluid  count  and  Wassermann  were 
done.     Sugar  was  determined  by  the  Lewis  and  Benedict*  method. 

Observation. — Determinations  were  made  fifty  times  in  forty-six  cases. 
These  fall  into  three  general  groups. 

(1)  Normal.  Table  I.  These  cases  were  so  considered  because  there 
was  no  evidence  of  organic  involvement  of  the  nervous  system. 

(2)  vSyphilitic  disease  of  the  brain,  spinal  cord  and  meninges.     Table  II. 
(,3)      Purulent  meningitis.     Table  III. 

The  average  of  normal  cases  was  .0818  per  cent,  the  range  .055  to  .110 
per  cent.  The  average  for  syphilitic  cases  was  .0815  per  cent,  the  range  .055 
to  .110  per  cent.  There  was  no  correspondence  between  the  amount  of  globulin, 
the  number  of  cells  and  the  sugar  content.  Syphilis  apparently  does  not  alter 
the  normal  sugar  content. 

Two  cases  of  purulent  meningitis  were  followed  daily. 


Ta 

BLE    I. 

N0KM.\L 

C 

ASES. 

wassermann's 

NO. 

DIAGNOSIS. 

7c 

src. 

\R. 

HI.ODII  SI'.   \'\,.X 

CKLI.S. 

OI.OIULI.N. 

RKM.VRKS 

3 

Normal 

.060 

0 

0 

0 

0 

22 

n 

.072 

0 

0 

0 

0 

39 

it 

.100 

0 

0 

0 

0 

57 

(( 

.090 

0 

0 

0 

0 

56 

Chr.  Card. 

Valv.  Dis. 

.100 

2 

0 

0 

0 

19 

tt 

.086 

0 

0 

0 

0 

41 

<i 

.100 

0 

0 

0 

0 

7 

Unclassified 

Psychopathy 

.074 

3 

5 

0 

0 

•From  the  I'mirlh  Mclical  Division  ami  the  I'svchopathic  Dcparlnu  iit  of  Hcllevuc  Hospital.  Xew 
1  ork. 

tRead  hefore  the  Neurological  Section  of  the  .\e\v  York  Academy  of  .Medicine,  Feb.  S,  1916.  lu.'^t 
'\""u  '"ii  i"^'^*''"'^  "^  "'"^  paper,  one  appealed  in  The  American  Journal  of  the  Medical  Sciences,"  bv 
A.  II.  Hopkins  (\ol.  cl,  No.  6).  According  to  his  observations,  the  normal  lies  between  .06  per  cent 
and    .O/j    per    cent.      'I'he    Hang    method    was    used. 

t=18   units  is  equivalent   to   a   completely   positi\e    reaction. 


686 


The  Journal  of  Laboratory  and  Clinical  Medicine 


TABLE 

i. — normal  cases 
wassermann's 

(cont'd). 

NO. 

DIAGNOSIS. 

%  SUGAR. 

BLOOD  SP.  FL. 

CELLS. 

GLOBULIN. 

REMARKS. 

4 

Manic  Depres- 

sive Insanity 

.045 

0 

0 

1 

0 

27 

.110 

0 

0 

1 

0 

48 

.088 

0 

0 

0 

0 

21 

Allied  to  De- 

mentia Precox. 

.110 

0 

0 

3 

trace 

28 

.104 

0 

0 

1 

0 

52 

Dementia 

Precox 

.100 

0 

0 

0 

0 

49 

Paranoid 

State 

.095 

6 

0 

0 

0 

54 

Chronic  Al- 

coholism 

.110 

0 

0 

2 

0 

25 

Acute  Enteritis 

.070 

2 

0 

0 

0 

14 

Gas   Poisoning 

.110 

? 

0 

3 

0 

39 

Abdominal 

Tumor 

.080 

? 

? 

2 

0 

16 

Infective  Ex- 
haustive Psy- 

chosis 

.073 

15 

0 

0 

0 

10 

Gen'l  Arterio- 

sclerosis 

.055 

4 

2 

1 

0 

5 

(1 

.066 

0 

0 

0 

0 

Table  IT.    Syphilis  of  the  Central  Nervous  System, 
wassermann's 


NO. 

diagnosis. 

%  sugar. 

blood  sp.  fl4 

CELLS. 

globulin. 

REMARKS. 

6 

Gen'l  Paralysis 

.098 

15 

18 

10 

-=- 

-=- 

8 

.110 

16 

18 

14 

4 

i- 

9 

.075 

18 

18 

31 

V 

4 

23 

.071 

15 

15 

11 

-f 

4 

29 

.072 

15 

18 

72 

-r 

i- 

30 

.060 

10 

15 

25 

•f 

^ 

38 

.068 

12 

15 

21 

4- 

■h 

12 

.085 

18 

AC 

62 

-4 

■=- 

53 

.090 

0 

0 

1 

0 

31 

.072 

15 

15 

12 

-f 

50 

.090 

14 

15 

44 

-=- 

42 

(Juvenile) 

090 

15 

15 

10 

-r 

Average  Gen'l 

Paralysis=80 

2>7 

Tabes  Dorsalis 

.055 

9 

15 

198 

4 

ir 

39 

it 

.080 

? 

? 

39 

f 

43 

It 

.090 

p 

? 

39 

4 

Average  Tabes 

Dorsalis — 75 

17 

Cerebrospinal 

Syphil 

is 

.068 

14 

14 

20 

-r^ 

40 

a 

.020 

— 

15 

8 

■T- 

36 

ti 

.110 

6 

18 

Contam- 
inated 

Contam- 
inated 

34 

It 

.060 

17 

18 

157 

j- 

13 

11 

.082 

16 

5 

2 

f 

20 

it 

.075 

15 

15 

11 

f 

Average 

Cerebrospinal 

Svphilis==86 

t  =  18   units   is  equivalent   to   a   completely   positive    reaction. 
Ac  =  Anticomplementary. 
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xo. 

DIAGNOSIS. 

Case  I. 

2/19 

Meningococcus 

2/20 

a 

2/22 

a 

15/23 

u 

24/24 

(< 

Case  2. 

12 

Pneumococcus 

Aleningitis 

13 

a 

Table  III.     Purulent  Meningitis. 

%  SUGAR.  cells.  globulin. 


REMARKS. 


.045 
.050 
.055 
.0-68 
.080 


.022 
.015 


12,000* 
6,500** 
188 

99 

? 


1,300 
9,000 


+f 


Recovered 


Died 


*=87%   polymorphonuclears. 
**:=85%   polymorphonuclears. 

It  will  be  seen  from  Table  3  that  in  the  case  which  recovered  the  value 
steadily  rose,  while  in  that  which  died  it  fell. 

The  observation  that  the  reduction  of  Fehling's  solution  (or  Benedict's) 
is  absent,  i.e.,  that  sugar  is  absent  in  acute  purulent  meningitis,  has  not  been 
found  to  be  true,  a  fact  emphasized  by  Du  Bois  and  Neal,^  and  Schloss  and 
Schroeder.'' 

The  change  in  the  amount  of  sugar  in  purulent  meningitis  is  of  great  value 
from  a  prognostic  point  of  viezv.  A  rise  is  favorable  and  a  fall  unfavorable. 
This  is  emphasized  by  Hopkins  and  by  a  number  of  others  quoted  by  him  as 
well  as  by  Schloss  and  Schroeder.  The  determination  in  syphilis  of  the  ner- 
vous system  adds  nothing  of  value. 

We  wish  to  express  our  thanks  to  Dr.  Cyrus  J.  Strong,  Dr.  Alexander 
Lambert  and  Dr.  M.  S.  Gregory  for  permission  to  use  cases  on  their  services. 
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AN  ARTIFICIAL  RESPIRATION  APPARATUS  F()l{  flENERAL 

LABORATORY  PURPOSES  * 


By  Paul  J.  Hanzlik,  M.D.,  Clen-ELand,  Ohio. 


THERE  are  many  kinds  of  simple  and  elaborate  apparatuses  for  securing  arti- 
ficial respiration.  It  would  seem,  therefore,  superfluous  and  unnecessary 
to  add  to  the  list.  However,  as  a  rule,  these  are  not  suitable  for  the  use  of  large 
classes  of  students.  Many  are  intended  for  a  single  animal,  or  at  most  two  or 
three.  If  suitable  for  more  than  one  animal  the  rate  and  volume  of  respiration 
cannot  be  altered  for  any  particular  animal,  since  the  mechanism  provides  for 
no  individual  variation.  This  is  inconvenient  and  undesirable,  especially  in 
teaching  in  laboratories  where  animals  in  any  lot  may  differ  very  widely  in  size, 
and  the  respiratory  requirements  for  different  experiments  may  differ  consider- 
ably. 

For  these  and  other  reasons,  it  seemed  desirable  to  devise  an  apparatus 
which  would  obviate  these  difficulties ;  and  so  as  to  be  generally  serviceable  for 
both  teaching  and  research.  At  the  same  time,  such  an  apparatus  should  be  sim- 
ple, and  reasonable  in  price.  It  is  believed  that  these  requirements  have  been 
met  to  a  large  extent  by  an  apparatus  which  has  been  devised  and  is  now  in 
successful  operation  in  this  laboratory. 

The  apparatus  is  built  on  a  unit  plan  system,  and  consists  briefly  of  a  long, 
motor-driven  shaft  which  in  turn  drives  a  series  of  pumps  by  a  set  of  pulleys 
which  permit  the  regulation  of  the  rate  and  volume  of  respiration.  Each  pump 
and  fittings  properly  attached  to  a  table  constitute  a  unit,  and  these  may  be  mul- 
tiplied up  to  the  driving  capacity  of  the  motor.  Each  table  is  detachable,  the  ap- 
paratus is  practically  out  of  view  and  can  occupy  what  might  be  termed  the 
"dead-space"  in  the  laboratory,  that  is,  the  main  shaft  is  attached  to  the  floor 
alongside  the  wall,  and  the  pumps  are  situated  underneath  the  table  tops.  Fig. 
1  illustrates  all  of  the  attachments  necessary  in  the  makeup  of  a  unit,  with  the 
exception  of  the  motor.  Figs.  2  and  3  illustrate  in  detail  the  parts  used  in  the 
construction  of  several  portions  of  the  apparatus.  These  and  other  parts  may 
now  be  described. 

Motor. — The  size  will  be  determined  by  the  number  of  units  it  is  desired  to  put  into 
operation.  The  exact  horsepower  to  operate  a  single  unit  has  not  been  determined,  but 
a  Vic  Hp.  motor  will  operate  two  units,  and  we  have  five  units  now  in  operation  by  a  %  Hp. 
motor.  It  is  safe  to  assume  that  a  %  Hp.  motor  can  easily  operate  8  to  10  units.  A  worm 
attached  to  the  motor  shaft  operates  a  cog-wheel  on  the  m.ain  shaft,  which  rotates  26  times 
per  minute.  The  speed  of  the  motor  was  reduced  by  a  specially  cast  cog-wheel.  The  motor 
had  700  r.p.m.  In  order  to  obtain  26  r.p.m.,  on  the  main  shaft,  a  cog-wheel  with  24  teeth 
was  cast.  (Theoretically,  this  wheel  should  give  29.1  r.p.m.)  In  order  to  reduce  friction 
and  noise  as  much  as  possible,  the  gears  are  immersed  in  an  oil  bath.  It  may  be  men- 
tioned here  that  the  motor  is  the  most  expensive  part  of  the  apparatus.  How^ever,  this 
can  be  considerably  mitigated  by  securing  a  used  motor,  which  for  ordinary  laboratory  pur- 
poses will  serve  very  well. 

Main  Shaft. — This  consists  of  an  iron  rod  ^U  inch  in  diameter,  running  through 
hangers,  screwed  to  the  floor  close  to  the  wall.  A  30-foot  length  is  advisable  for  5  units. 
This  secures  plenty  of  working  space  between  tables. 

*From   the   Pharmacological    Laboratory,   Western    Reserve   University,    Cleveland. 
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lig-    1- — Artificial    respiration   unit    (sectional   view,    scale  about    1    to   20). 

d.  valve. 

b.  cylinder    Cpump). 

c.  piston  shaft. 

d.  slit  crank. 

e.  adjustable   hanger. 

/.  iron  grooved  pulleys. 

g.  round  belt. 

It.  wooden  grooved  pulley  (with  cross  section  of  main  shaft  in  center). 

I.  brass   collar  for  holding  pump. 

j.  anesthetizing  attachment  (Y-pieces  placed  upright;  natural  position  horizontal). 

k.  Woulff  bottle. 

/.  drilled    wooden   block 

m.  tracheal   T-cannula. 

ti.  rubber  tubing  connection. 
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Fig.    2.— Adjustable   hangers   with   iron    grooved   pulleys   and   slit    crank    (front    view,    scale   r.bout    1    to    4.6). 

a.  adjustable   hanger   (5^   inch). 

b.  iron  shaft   ("/jxS  inches). 

c.  8-inch  iron  grooved  pulley. 

d.  4-inch  iron  grooved  pulley. 

e.  2-inch  iron  grooved   pulley. 
/.  slit  crank. 

g.  set-screw  attachment. 
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Wooden-Grooved  Fit  lie  vs. —Their  diameter  is  6  inches,  and  width  2  inclics.  Tliese 
are  attached  to  the  main  shaft  at  intervals  of  6  feet,  and  possess  a  groove  about  %»  incli 
in  depth  for  a  round  belt,  which  drives  the  set  of  pulleys  underneath  the  table.  The  length 
of  the  belt  will  depend  on  the  proximity  of  the  table  to  the  main  shaft.  Patent  snap-hooks 
for  joining  the  belt  are  most  convenient. 

Iron-Grooved  Pulleys. — Three  are  suspended  by  means  of  a  small  iron  shaft  (^x8 
inches)  in  a  pair  of  adjustable  hangers  (S'/z  inch)  screwed  underneath  the  table  top.  (1) 
The  8  inch  (diameter)  wheel  gives  20  revolutions,  that  is,  a  respiratory  rate  of  20  per 
minute;  (2)  The  4  inch  wheel  gives  a  respiratory  rate  of  40  per  minute;  (3)  The  2  inch 
wheel  gives  a  respiratory  rate  of  82  per  minute,  and  is  practically  suitable  for  insufflation. 
The  small  shaft  extends  out  sufficiently  for  the  attachment  of  a  brass  slit-crank,  to  which 
is  attached  a  piston  shaft.  Fig.  2  shows  a  front  view  of  the  pulleys  with  hangers  and  slit- 
crank. 

Slit-Crank. — Tlie  crank  is  6'/4  inches  long,  34  '"*-''i  wide  and  >^  inch  thick,  with  a  slit 
in  the  middle,  extending  the  full  length  of  the  crank,  except  for  the  closed  ends.  Shifting 
the  piston  shaft  up  and  down  the  slit  provides  for  almost  any  desired  change  in  volume  of 
respiration,  ranging  from  240  c.c.  to  1,250  c.c.  in  our  standard  pump.  .\  set-screw  attach- 
ment on  the  piston  shaft  permits  an  adjustment  of  the  respiratory  volume  at  a  moment's 
notice  by  simply  relaxing  the  belt,  which  is  easily  and  readily  secured  by  merely  pushing 
the  table  in  the  direction  of  the  main  shaft.  By  means  of  this  slit  crank,  and  a  suitably 
regulated  T-tube  in  the  tube  leading  to  the  trachea,  we  have  successfully  respired  animals 
ranging  from  a  small    (250  gm.)   guinea-pig  to  a  20  Kg.  dog  with  the  .same  pump. 


Fig.   3. — Pump  and  valve    (sectional  view,   scale   about   1    to   4.6). 

a.  valve. 

b.  brass  pin. 

c.  air    outlet,    and    rubber    tubing    attachment. 

d.  iron  elbow. 

e.  projection  with  screw  for  fastening  pump  to  front  end  of  table. 
/.  brass   union. 

g.  patent    brass    disc    (distal    end    of    cylinder). 

h.  cylinder. 

1.  piston-cup. 

y.  leather  washer. 

k.  short   piston   tube. 

/.  fork  attachment  to  piston  shaft. 

m.  piston  shaft. 

n.  open    proximal    end    of    cylinder. 

Piston-Shaft.— This  consists  of  a  brass  tube  40  inches  long  and  ^  inch  in  diameter, 
with  a  set  screw  attachment  to  the  slit-crank,  and  a  fork  attachment  to  the  piston  proper 
within  the  cylinder  of  the  pump   (Fig.  3). 

C'r/t«c/c/-.--This  consists  of  a  brass  tube  15  inches  long  and  3  inches  in  diameter, 
closed  at  the  distal  end  with  a  patent  brass  disc,  provided  with  a  projection  in  the  center 
for  screwing  to  the  table,  and  an  outlet  which  communicates  with  the  inside  of  the  cylinder 
for  the  escape  of  air.  The  proximal  end  of  the  cylinder  is  left  open  to  permit  freer  opera- 
tion of  the  piston-shaft.  The  capacity  of  such  a  cylinder  is  1.750  c.c.  and  this  is  our  stand- 
ard size.  It  is  easily  operated  and  answers  for  all  practical  purposes  to  which  it  may  be 
put  m  artificial  respiration.    However,  the  entire  capacity  is  not  utilized,  because  a  relatively 
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long  piston-cup,  which  permits  easy  working  of  the  piston  attachments  with  the  minimum 
oi   friction,  is  used. 

Piston. — This  is  illustrated  in  Fig.  3,  and  consists  of  a  brass  cup  3  inches  deep  and 
J^s  inches  in  diameter,  with  a  short  stout  brass  tube  4xJ/2  inches  attached  to  the  center 
of  the  bottom,  to  which  is  fitted  a  leather  washer. 

Valve. — The  structure  of  this  is  sufficiently  illustrated  in  Fig.  3,  and  simply  consists 
II f  a  chamber  enclosing  two  short  brass  pins  with  their  leather  bases  pointing  upward,  so 
tliat  air  is  permitted  to  escape  in  one  direction  only.  The  valve  is  directly  attached  to  the 
distal  end  of  the  cylinder  by  means  of  ordinary  iron  elbows  used  in  joining  gas  or  water 
pipes.  This  valve  functionates  in  the  upright  or  slightly  oblique  position  only.  Suitable 
ends  on  the  valves  are  provided  for  the  attachment  of  rubber  tubing  for  the  conduction  of 
air  through  an  anesthetizing  attachment. 

AncstJietising  Attachment  (Fig.  1). — This  consists  of  an  ordinary  Woulf?  bottle  with 
two  necks.  By  means  of  Y-pieces  attached  to  the  necks,  ether  or  air  can  be  passed  at 
will  by  the  regulation  of  screw  stop-cocks  placed  on  the  rubber  connections.  The  proximal 
Y-piece  connects  by  means  of  a  rubber  tube  (Y^  inch  in  diameter)  with  the  valve.  One 
limb  of  the  Y-piece  connects  with  a  neck  of  the  Woulff  bottle,  the  other  limb  connects  with 
7l  corresponding  limb  of  the  distal  Y-piece,  the  other  limb  of  which  in  turn  connects  with 
the  other  neck  of  the  bottle.  The  distal  Y-piece  is  now  joined  by  means  of  rubber  tubing 
to  a  T-piece,  the  distal  end  of  which  can  serve  as  a  tracheal  cannula. 

The  Woulflf  bottle  is  easily  secured  in  place  by  inserting  it  into  a  drilled  w^ooden 
block  permanently  fastened  to  the  corner  of  the  table  and  situated  close  to  the  pump.  The 
•anesthetizing  attachment  permits  of  a  considerable  amount  of  motion,  and  all  of  its  parts 
are  easily  detachable. 

All  of  the  attachments,  with  the  exception  of  the  piston  cup  and  slit-crank,  whicli 
have  been  described,  are  obtainable  in  the  market.  The  valves  and  cylinders  are  obtain- 
able from  the  Cleveland  Faucet  Company.  The  adjustable  hanger  and  iron  grooved  pul- 
leys can  be  secured  from  T.  F.  Welch  &  Co.,  Boston.  The  piston  cup  can  easily  be  made 
by  a  mechanic  of  ordinary  skill,  and  a  slit-crank  is  most  conveniently  secured  by  having 
it  specially  cast.* 

The  advantages  claimed  for  this  apparatus  may  be  summarized  as  follows : 
It  is  easily  constructed,  because  all  parts  are  easily  obtainable  in  the  market ; 
it  operates  practically  automatically ;  is  easily  adjustable ;  is  serviceable  for  sev- 
eral different-sized  animals  at  the  same  time ;  is  relatively  inexpensive  and  dur- 
able. 

My  thanks  are  due  to  our  technician.  Mr.  Morris  Dan,  for  aid  in  the  con- 
struction of  the  apparatus,  and  to  Mr.  C.  J-  \\  est,  of  the  Second  Year  Class,  for 
the  drawings. 

*The  cost  prices  of  tlie  various  jiarts  and  attachments  for  a  unit  are  approximately  as  follows:  Ad- 
justable hanger,  90c;  iron-grooved  pulleys,  8inch,  90c,  4-inch,  ~.Sc,  2-incli,  SOc  ;  slit-crank,  /c ;  piston-shaft. 
l.Sc;  fork  for  i)istoii-shaft,  Sc ;  pump,  including  cylinder,  iiiston  and  valve,  $10.00;  belling  (5  ft.").  35c; 
accessories,  about  $1.25 — total,  about,  $15.00.  For  the  following  articles  used  to  operate  Ine  units,  the 
cost  was  as  follows:  Used  ^i  Hp.  motor,  $10.00;  30-ft.  shaft,  $.^.00;  7  hangers  and  couplings  for  shaft 
at  $1.50  per  pair,  $10.50;  5  wooden-grooved  pulleys,  at  $1.00  =  $5.00;  accessories,  about  $5.00.  The  total 
cost  to  set  5  units  into  operation   was  about  $11  ".00. 


THE  COLOR  REACTIONS  OF  PROTEINS  AND  THEIR  SPUl 

PRODUCTS* 


By  Herbert  W.  Emerson,  M.D.,  and  John  S.  Chambers,  M.S., 

Ann  Arbor,  Mich. 


THE  following  experiments  on  the  color  reactions  of  some  proteins  and  their 
split  products  were  performed,  with  the  hope  that  they  might  throw  more 
light  on  the  way  in  which  the  protein  molecule  is  cleaved  by  Vaughan's  method.^ 
The  variation  in  the  intensity  of  the  color  reaction  is  expressed  by  varying  the 
number  of  +  signs  in  tabulating  the  results,  and  also,  when  possible,  by  determin- 
ing the  highest  dilution  that  will  give  a  positive  color  reaction. 


TABLE  I. 


The  Biuret  test  carried  out  in  the  usual  way  gives  the    following  results: 


Dilutions. 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


1-1000. 

+  +  + 

+  + 

±  (1-100  +) 

4-  +  + 

+  +  + 

+ 

+  +  + 

+  +  + 

±   (1-100  +) 

+  + 
+  +  + 
+  +  + 

TABLE   II. 


1-5000. 

+ 
+ 


+ 

-+- 
+ 

+ 


Gies'2  modification  of  the  Biuret  test  gives  practically  the  same  results  as  the  Biuret. 


Dilutions. 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


1-1000. 

-f  +  + 

+  +  + 

-  (1-100+) 

+  +  + 

+  +  + 
+ 

+  +  + 

+  +  + 
+ 

+  + 

+  +  + 

+  +  + 


1-5000. 

+ 


+ 
+ 
+ 


T.A.BLE   III. 

The  Xanthoproteic  test  carried  out  in  the  usual  manne/  gives  results  as  follows : 


Dilutions. 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 


1-1000.  1-5000. 

+  +  +  +  +  +  +  + 

+  +  +  +  + 

+  - 

+  +  +  - 


•From   the   Hygienic   I^aboratory  of  the   University  of   Michigan. 
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1-5000. 


TABLE  III   (cont'd) 

1  )ilutions. 

1-1000. 

r.  B.  C.  Poison 

+  4-  +  + 

T,  B.  C.  Residue 

+  +  + 

Colon  Germ  Substance 

+  +  + 

Colon  Poison 

+  +  +  + 

Colon  Residue 

+  +  + 

Pepton 

+ 

Egg  White 

+  +  4-  + 

l>og  Liver  Poison 

+  +  + 

TABLE   IV. 

+  + 
+ 


1-1000. 

1-5000. 

+  + 

Hh 

+  +  + 

+ 

(Powder  ^) 



+  + 



+  +  + 

+ 

(Powder  — ) 



+  +  +  + 

+ 

+  +  +  +  + 

+    +    + 

(Powder  — ) 



+ 



+  + 



+  +  + 

+ 

TABLE  V. 

Millon's  test  gave  results  as  follows : 

Dilutions. 

I'asein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


Bardach's-^' 4  iodoform  crystal  test,  in  which  the  presence  of  proteins  interferes  with 
the  formation  of  typical  iodoform  crystals,  was  carried  out  with  very  concentrated  solu- 
tions of  the  proteins  and  the  split  products  with  the  following  results: 

Casein  -)- 

Casein  Poison  -j- 

Casein  Residue  — 

T.  B.  C.  Germ  Substance  + 

T.  B.  C.  Poison  -f 

T.  B.  C.  Residue  — 

Colon  Germ  Substance  + 

Colon  Poison  .  -|- 

Colon  Residue  — 

Pepton  -f- 

Egg  White  -I- 

Dog  Liver  Poison  -j- 

TABLK   vr. 

The  Molisch  test,  using  only  very  concentrated  solutions  of  the  proteins  and  the 
split   products,    gives    results   as    follows: 

Casein  -|-    ? 

Casein  Poison  — 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


+  +  + 
+  + 

+  +  + 

+  + 

4-  -f  -f  + 
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The  Adamkicwicz  reaction, 
in  the  proportion  2:1  to  which 
the  following  results  : 

T>rosin* 

Tryptophane* 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Peptou 

Egg  White 

Dog  Liver  Poison 

The  Hopkins  Cole"  reaction 
substance  to  be  tested  to  three 
Sulphuric  acid  was  then  run  dow 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


TABLE  VII. 
using  glacial   acetic   acid   and   concentrated   sulphuric   acid 
the   dry   powdered   substance   to   be   tested   is   added,   gave 

+  a  pinkish  violet  color, 

-p  -{-  -|-  a  darrk  yellowish  red, 

+  4-  light  pinkish  straw  color, 

-)-  -|-  dark  brownish   red, 

+  straw  color  with  pink  tinge, 

-j-  -f-  dark  deep  red, 

-\-  +  brownish  red, 

+  +  +  very  deep  red, 

+  +  +  +  very  deep  red, 

-\-  -\-  -\-  dark  brownish  red, 

-|-  -|-  4-  dark  brownish  red, 

+  -|-  light  straw  pink, 

+  -(-  +  deep  violet  red, 

-\-  -f-  <lark  brownish   red. 

TABLE   VI 1 1. 

was  carried  out  by  adding  a  small  amount  of  the  powdered 
or  four  cubic  centimeters  of  the  Hopkins  Cole  reagent, 
n  the  side  of  the  test  tube  so  as  to  form  two  layers. 

+  +  +  Piiil^'  ring, 

?  yellowish  brown  cloudy  ring, 

+  slight   pink  ring, 

+  +  pinkish  violet  ring. 

?  yellowish  brown  cloud, 

+  pink  violet  ring, 

+  +  +  violet  ring, 

?  yellowish  brown  cloud, 

-\-  light  pink  ring, 

4-  +  +  reddish  violet  ring, 

+  -|-  +  violet  ring. 

?  yellowish  brown  cloudy  ring,  no  red  or  violet. 


TABLE  IX. 

The  tests  in  Table  viii  were  repeated,  adding  one  drop  of  furfural  to  each  tube  and 
thoroughly  mixing  its  contents  just  before  the  sulphuric  acid  was  run  in. 

Casein  +  -1 — (-  +     dark  vellowish  red  ring, 

Casein  Poison  +  +  +  +        "     '       " 

Casein  Residue  -f  very  slight  yellowish  pink  ring, 

T.  B.  C.  Germ  Substance  -(-  +  light  vellowish  red  ring, 

T.  B.  C.  Poison  +  ^  +       '       " 

T.  B.  C.  Residue  +  -r  +  +  heavy  .dark  yellowish  red  ring. 

Colon  Germ  Substance  +  4-  -!-  +  +      '  '      " 

Colon  Poison  +  +  +  «  .<         « 

Colon  Residue  +  +  +  »  .<        « 

Pepton  -\-  faint  pinkish  ring. 

Egg  White  -] h  +  +  yellowish  violet  ring. 

Dog  Liver  Poison  +  -r  +  +  '"        red  " 

Tryptophane  +  +  +  +  +" 

Tyrosin  -(-  very  slight  pinkish  straw  colored  ring. 

TABLE  X. 

Benedicts'  modification  of  the  Hopkins  Cole  reaction  gave  the  same  results  as  is  shown 
by  the  following : 

Casein  _|_  _|_  _j_  reddish  pink  ring. 

Casein  Poison  ?  brow-n  cloudy  ring,  no  red, 

'Controls  were  run  by  adding  one  drop   of  a   one   per   cent  solution   of  tyrosine   or   tryptophane   and 
one  drop  of  furfural  to  the  acid  mixture. 
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Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


The  tests  in   Table  x   \v 
to  each  tube  and  tlioroughly 
lowing  results  were  obtained : 

Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 

Tyrosine 

Trytopliane 


TABI,E    X    (cont'd). 

+  pink  ring, 

-| 1-  violet  ring, 

?  brown  cloudy  ring,  no  red, 

-f  4-  pink  ring, 

-|-  -{-  pink  ring, 

?  light  brown  cloudy  ring,  no  red, 

4-  pink  ring, 

-(-  -| 1-  bluish  violet  ring, 

-)-  -f  +  reddish  violet  ring, 
?  brow-n  cloudy  ring,  no  red. 

TABLE    XI. 

ere   repeated   and  modified   by   adding   one   drop    of    furfural 
mixing  just  before  the  sulphuric  acid  was   run  in.     The   fol- 

-|-  +  +  dark  yellowish  red  ring, 

+  +  +     "      ■      •'  "         " 

-\-     very  slight  yellowish  pink  ring, 
-| 1-  light  yellowish  red  ring, 

j  r  a  ti  It  ti 

I    -r 
-j-  +  +  heavy  dark  red  ring  with  yellowish  tinge. 
-}-  +  +  +  vellowish  red  ring, 

+  +  +         "       "  "         " 

+  +  +  ."       .      "         " 

--(-  4-  faint  pinkish  ring, 

4-  +  +  +  yellowish  violet  ring, 

-(-  4-  "I"   +  yellowish  red  ring, 

+  very  slight  pinkish  straw  colored  ring, 

4"  +  4"  +  +  yellowish  red  ring. 


TABLE   XII. 

The  Acree  Rosenheim  formaldehyde  test  was  carried  out  by  adding  tw'O  or  three  drops 
of  a  1-5000  formaldehyde  solution  to  about  four  cubic  centimeters  of  strong  aqueous  solu- 
tion of  the  substances  to  be  tested  and  thoroughly  mixing  before  running  in  the  sulphuric 
acid. 


Casein 

Casein  Poison 

Casein  Residue 

T.  B.  C.  Germ  Substance 

T.  B.  C.  Poison 

T.  B.  C.  Residue 

Colon  Germ  Substance 

Colon  Poison 

Colon  Residue 

Pepton 

Egg  White 

Dog  Liver  Poison 


4-  +  violet  ring, 

?  brown  cloudy  ring,  no  red, 

-j-  pink  ring, 

-|-  faint  violet  ring, 

?  brown  cloudy  ring,  no  red, 

-|-  4"  light  pink  ring, 

-\-  -j-  pink    ring, 

?  brown  cloudy  ring,  no  red, 

-\-  -\-  pink  ring, 

-f   -|-  +  bluish  violet  ring, 

-^-  -\-  reddish  violet  ring, 

?  brown  cloudy  ring,  no  red. 


TABLE    XIII. 

Tlio  tcst><  in  Table  xii  were  repeated  and  moditicd  b\  acUling  one  drop  of  furfural  to 
each  lube  and  thoroughly  mixing  before  the  sulphuric  .uid  was  run  in.  The  results  obtanicil 
were  as  follows : 

Casein  4"  H h  yellowish  red  ring, 

Casein  Poison  +  +  + 

Casein  Residue  H \-  pink  ring. 

T.  B.  C.  (lerm  Substance  H — |-  yellowisii  red  ring. 

T.  B.  C.  Poison  4-  + 

T.  B.  C.  Residue  +  +  + ' 

Colon  Germ  Substance  4"  H" 
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TABI.K    XIII     (cont'd). 

Colon  Poison  +  +  yellowish   red  ring, 

Colon  Residue  +  + 

Pepton  +  faint  pink  ring, 

Egg  White  +  4-  brownish  red  ring, 

Dog  Liver  Poison  H h  yellowish  red  ring. 

TABLE    XIV. 

The  benzaldehydc  test,  in  which  the  development  of  a  green  to  a  blue  color  indicates 
the  presence  of  tryptophane,  was  carried  out  as  follows:  equal  volumes  of  concentrated 
hydrochloric  acid  and  a  two  or  three  per  cent  solution  of  the  substances  to  be  tested 
were  mixed  in  a  test  tube,  one  drop  of  ferric  chloride  and  two  drops  benzaldehyde  were 
added  and  the  contents  heated  to  boiling. 

Casein  H — I \ h  intense  blue  color, 

Casein  Poison  —  black  oily  residue,  no  blue  or  green  color, 

Casein  Residue  +  light  yellowish  green, 

T.  B.  C.  Germ  Substance  +  +  +  +  skj-  blue. 

T.  B.  C.  Poison  —  black  oily  residue,  no  blue  or  green  color, 

T.  B.  C.  Residue  +  dark  bluish  green. 

Colon  Germ  Substance  +  +  +  bght  blue  with  yellow  tinge, 

Colon  Poison  —  brown  liquid,  oily  residue,  no  blue  or  green, 

Colon  Residue  H — h  dark  brownish  green, 

Pepton  -j-  brown  precipitate  with  green  tinge. 

Egg  White  +  +  +  intense  sky  blue, 

Dog  Liver  Poison  —  black  oily  residue,  no  green  or  blue. 

SUMMARY. 

1.  The  proteins  and  their  split  products,  the  protein  poisons  and  the  res- 
idues, all  give  the  biuret  reaction.  The  residues  will  not  give  the  reaction  in  dilu- 
tions much  greater  than  (1-100).  This  indicates  that  the  proteins  and  their  split 
products  contain  an  acid  amide  group  and  other  substituted  amide  groups  at- 
tached to  neighboring  carbon  atoms,  and  that  the  end  products  have  not  been 
deamidized  in  cleaving. 

2.  Gies'  biuret  reagent  gives  similar  results. 

3.  The  proteins  and  their  split  products  all  give  the  xanthoproteic  reac- 
tion and  the  poisons  in  greater  dilutions  than  the  proteins  or  the  residues,  in- 
dicating that  they  all  contain  benzene  nuclei  and  that  in  cleaving  these  tend  to 
concentrate  in  the  poison. 

4.  The  residues  do  not  give  Millon's  reaction  and  the  poisons  give  it  in 
greater  dilutions  than  the  proteins  indicating  that  all  of  the  mono-hydroxy-ben- 
zene  nuclei  (tyrosine)  are  cleaved  off  into  the  poison.  It  is  interesting  to  note 
the  strong  reaction  given  by  the  colon  cell  substance  and  by  the  poison. 

5.  The  residues  do  not  give  Bardach's  reaction  and  all  soluble  proteins 
are  said  to  give  it.    The  residues  are  alkaline  and  soluble. 

6.  The  poisons  do  not  give  the  Molisch  reaction  and  the  residues  give  a 
stronger  Molisch  than  the  proteins  indicating  that  the  carbohydrate  groups  are 
cleaved  off  into  the  residues.  Casein  gives  a  verv^  weak  Molisch  reaction  and 
casein  residue  a  strong  reaction,  this  may  be  due  to  trj-ptophane,  but  we  think 
not,  as  the  casein  residue  gives  only  a  weak  tryptophane  reaction.  Casein  residue 
does  not  reduce  Fehling's  solution  even  after  boiling  with  dilute  hydrochloric 
acid.  Part  of  the  residue  is  insoluble  in  10  per  cent  alkali  and  this  insoluble 
part  gives  the  Molisch  reaction  and  also  tests  for  nitrogen. 
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7.  The  proteins  and  their  split  products  all  give  the  Adamkiewicz  reaction 
indicating  that  they  all  contain  the  tryptophane  group.  Solutions  of  tyrosine  give 
pinkish  violet  colors  which  are  similar  to  the  tryptophane  reactions  in  dilute  solu- 
tions. 

8.  The  protein  poisons  do  not  give  good  Hopkins  Cole  reactions  when  per- 
formed in  the  regular  way.  The  proteins  and  residues  do.  They  all  give  good 
positive  reactions  when  furfural  is  added.  The  protein  poisons  probably  give 
negative  reactions  because  they  contain  no  carbohydrate. 

9.  Benedict's  modification  of  Hopkins  Cole  reagent  gives  similar  results 
both  with  and  without  furfural. 

10.  The  Acree  Rosenheim  formaldehyde  test  gives  similar  results  to  those 
obtained  with  the  Hopkins  Cole  reagent  both  with  and  without  furfural. 

11.  The  proteins  and  the  residues  give  positive  results  with  the  benzalde- 
hyde  test  (Reichl's  reaction).  The  poisons  give  negative  reactions  and  the  ad- 
dition of  furfural  has  no  effect. 
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LABORATORY  METHODS 


PHYSICAL  CHARACTERISTICS  OF  SPINAL  FLUID  IN 

VARIOUS  DISEASES* 


By  A.  Lkvinson,  M.D.,  Chicago,  III. 


W''[TH  the  advance  of  our  knowledge  of  the  chemistry  of  spinal  fluid,  we  are 
gradually  losing  sight  of  the  physical  characteristics  of  the  fluid.  This  is 
unfortunate,  as  the  physical  properties  are  often  valuable  in  establishing  the  diag- 
nosis and  even  the  prognosis  of  the  disease,  sometimes  being  as  reliable  as  a 
chemical  test.  I  should  like  to  point  out  a  few  of  these  characteristics  that  seem 
to  be  of  clinical  importance. 

appe:arance  of  FI.UID  imme;diatei.y  ai^ter  withdrawal  from  thf  body. 

It  is  well  known  that  normal  fluid  is  clear  and  colorless  and  that  meningitic 
fluid  is  turbid  in  appearance.  It  is  not  well  known,  however,  that  dift'erent  types 
of  meningitis  impart  a  rather  characteristic  color  to  the  fluid.  Repeated  observa- 
tions have  convinced  me  that  while  the  color  dififers  with  the  consistency  of  the 
fluid  which  in  turn  is  in  constant  ratio  to  the  stage  of  the  disease,  there  is  a 
characteristic  tinge  that  is  present  in  most  cases  in  all  stages  of  the  disease  un- 
less altered  by  serum. 

The  fluid  in  epidemic  meningitis  is  yellowish  in  color,  with  a  greenish  tinge 
in  it.  The  more  advanced  the  disease,  the  more  yellow  the  color  of  the  fluid. 
At  times  the  fluid  will  turn  green  of  its  own  accord.  This  has  happened  in  a 
number  of  our  cases  (when  no  contamination  has  taken  place). 

When  a  sediment  forms  in  the  meningococcic  variety  the  supernatant  fluid 
still  remains  yellowish  in  color. 

The  fluid  in  pneumococcus  meningitis  is  pearl  gray  in  color.  Even  after 
the  sediment  has  formed,  the  supernatant  fluid  remains  grayish  in  color.  When 
serum  is  administered  the  fluid  takes  on  a  yellowish  tinge,  but  not  as  marked 
as  in  the  epidemic  variety. 

In  tuberculous  meningitis  the  fluid  is  colorless,  even  when  it  is  turbid  in  con- 
sistency it  remains  colorless. 

SEDIMENT. 

It  is  a  well  known  fact  that  the  fluid  of  tuberculous  meningitis  forms  a  pel- 
licle on  standing.  Lichtheim  dcscril)ed  this  years  ag«\  It  is  not  so  generally 
known,  however,  that  a  pellicle  or  rather  a  sediment  makes  its  appearance  in 
every  form  of  meningitis.  In  fifty  cases,  that  I  observed  with  this  in  view,  I 
noted  the  formation  of  a  sedinKiit  in  praclicall\  e\cry  case  of  meningitis.  Fur- 
thermore, each  form  of  meningitis  shows  a  sediment  peculiar  to  its  type,  which 
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if  properly  observed  may  become  helpful  in  establishing  the  direct  as  well  as  the 
ditferential  diagnosis. 

The  sediment  formation  makes  its  appearance  within  not  later  than  twenty- 
four  hours.  In  meningococcic  and  pneumococcic  meningitis,  however,  the  pellicle 
or  sediment  forms  quite  rapidly,  usually  as  early  as  one-half  hour  after  the 
removal  of  the  spinal  fluid  from  the  body  or  even  earlier.  The  sediment  is  likely 
to  appear  under  any  conditions;  however,  the  conditions  most  favorable  for  its 
formation  and  preservation,  are  the  following : 

1.  The  spinal  fluid  should  be  left  undisturbed. 

2.  The  tube  containing  the  fluid  should  be  tightly  corked.  The  latter  pre- 
caution is  not  as  essential  as  the  former. 

In  order  to  facilitate  the  formation  of  a  pellicle,  and  in  order  to  obtain  uni- 
form results  with  the  other  tests  on  the  spinal  fluid,  it  is  necessary  to  have  a  uni- 
form system  in  the  taking  of  the  fluid.  For  this  purpose  I  should  strongly  recom- 
mend the  adoption  of  the  following  plan  which  I  have  treated  more  fully  else- 
where {Medical  Record,  Ixxxix,  No,  17).  I  shall  here  mention  merely  the  es- 
sential features  of  the  plan. 

Four  sterile  and  chemically  clean  test  tubes  of  uniform  size  are  taken,  though 
in  most  cases  three  are  sufficient  for  complete  examination.  The  fourth,  how- 
ever, comes  in  handy  if  the  quantity  of  fluid  is  very  large.  The  tubes  should  be 
labeled,  1,  2,  3,  4.  and  should  preferably  be  calibrated. 

Tube  1  should  receive  the  first  2  c.c.  of  fluid,  and  this  amount  should  be  used 
for, 

1.  Cytological  examination. 

2.  Direct  uncentrifuged   smear   for   microorganisms. 

3.  One-half  c.c.  should  be  used  for  culture. 

4.  One  c.c.  should  be  used  for  the  permanganate  test  (the  index  for  organic 
substances  in  the  spinal  fluid).  If  not  examined  immediately  this  test  tube  and 
its  contents  should  be  placed  in  the  incubator. 

Into  the  second  tube  should  be  run  from  3  to  5  c.c.  of  spinal  fluid,  depend- 
ing upon  the  amount  and  the  pressure  of  the  fluid  although  5  is  preferable.  This 
should  be  put  into  a  tube  rack,  and  placed  in  the  refrigerator  for  the  formation 
of  a  pellicle  or  sediment,  care  being  taken  that  the  tube  is  not  disturbed.  It  is 
best  to  use  a  regular  cork  instead  of  a  cotton  plug.  This  will  not  only  facilitate 
the  formation  of  a  pellicle,  but  will  also  preserve  the  fluid  better  than  will  the 
cotton  plug. 

Into  the  third  tube  should  be  run  from  5  to  8  c.c.  of  fluid  to  be  used  for 

1.  The  second  portion  of  the  permanganate  test. 

2.  The  different  globulin  tests  (Noguchi,  Ross    Jones  and  Nonne). 

3.  Lange. 

4.  Wassermann. 

5.  Sugar  contents. 

6.  Ten  c.c.  for  centrifugation,  for  examination  of  the  organism  if  the  first 
portion  did  not  show  it. 

7.  All  other  tests  that  one  may  desire  to  perform.  Into  the  fourth  tube 
should  be  run  the  rest  of  the  spinal  fluid  desired  either  for  examination  or  for 
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the  purpose  of  relieving  pressure  which  is  from  5  to  15  c.c.  on  the  average  if 
the  case  is  one  of  meningitis. 

TYPES  OF  se;diment. 

I.  The  spinal  fluid  of  meningococcus-meningitis  is  turbid  on  withdrawal 
resembling  the  color  of  very  rich  cream.  A  sediment  or  pellicle  forms  in  from 
one-half  hour  to  one  and  one-half  hours  later  depending  upon  the  stage  of  the 
disease. 

(a)  In  the  early  stages  the  pellicle  is  made  up  of  a  yellowish  white  net- 
work, the  reticuli  being  close  together  forming  an  opaque  layer.  The  upper  por- 
tion of  the  network  is  balloon  or  dome-shaped,  and  the  base  or  lower  portion  is 
flattened  in  appearance;  the  whole  network  resembling  a  small  bursa.  The  net- 
work usually  does  not  reach  the  upper  level  of  the  fluid,  and  as  a  rule,  it  in- 
clines toward  one  side  of  the  tube.  The  pellicle  differs  from  the  one  formed  in 
tuberculous  meningitis  in  the  following  particulars : 

1.  The  pellicle  is  not  suspended  in  the  center. 

2.  There  are  no  processes  projecting  from  the  side  of  the  pellicle. 

3.  The  color  is  more  yellowish  and  the  network  more  firm. 

4.  The  fluid  remains  serum-like  in  color  and  consistency  after  the  forma- 
tion of  the  sediment. 

(b)  In  the  more  advanced  stage  of  meningitis  as  when  the  disease  has 
progressed  for  a  number  of  days,  the  turbidity  upon  withdrawal  may  or  may  not 
be  marked,  but  the  sediment  formation  is  firmer,  resembling  a  membrane  in  its 
appearance.  It  usually  spreads  out  along  one  side  of  the  tube,  in  the  form  of 
a  heavy  film  (Fig.  B). 

(c)  In  still  more  advanced  cases,  there  is  a  sediment  that  sinks  to  the 
bottom,  but  still  as  a  rule,  no  coagulation  occurs.  In  this  stage  a  deposit  of 
yellow  granules  is  seen,  attached  to  one  side  of  the  tube.  These  granules  may 
be  considered  as  a  manifestation  of  an  advanced  stage  (Fig.  C). 

(d)  In  the  very  grave  cases  the  sediment  is  thick  and  fall^  by  gravity  to 
the  bottom.  In  the  cases  where  this  happened  and  when  the  pellicle  was  more 
than  three-fourths  inch  in  height,  the  prognosis  as  a  rule  has  been  grave  (Fig. 
D). 

When  the  meningitis  recedes,  the  pellicle  or  sediment  takes  on  a  character 
the  reverse  of  the  one  that  appeared  at  its  formation,  often  changing  from  mem- 
branous deposit  back  to  a  reticular  formation   (Fig.  E). 

II.  In  pneumococcic  meningitis,  the  fluid  is  usually  not  so  turbid  as  in 
meningococcic,  and  it  is  grayish  in  color,  a  pellicle  or  sediment  forming  in  one- 
half  hour  or  more. 

(a)  In  the  early  stage  a  pellicle  forms  which  is  triangular  in  shape  and 
hangs  suspended  in  the  center  of  the  tube.  The  pellicle  which  is  grayish  in  color 
is  firm  and  made  up  of  fibrous  masses.  It  differs  from  the  T.  B.  pellicle  in  that 
it  is  more  opaque,  firmer,  and  more  grayish  in  color.  It  differs  from  meningo- 
coccic sediment  in  that  it  is  not  as  flattened,  and  is  more  firm  than  the  latter. 

(b)  In  the  advanced  stages  the  sediment  sinks  to  the  bottom  in  a  homo- 
geneous mass.     W  itliin  fnc  or  six  hours,  as  a  rule,  the  sediment  coagulates  and 
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takes  on  the  appearance  of  the  boiled  white  of  an  egg  (Figs.  F  and  G),  around 
the  center  of  a  noncoagulated  mass. 

III.  T.  B.  meningitis  forms  a  pelUcle  in  from  six  to  twelve  hours  either 
in  tlie  form  of  a  white  streak  with  small  projections  from  the  sides,  or  in 
advanced  cases,  in  the  shape  of  a  fine,  triangulai--formed  network,  with  thin 
reticuli,  the  apex  of  the  sediment  touching  the  surface  of  the  fluid,  and  the  base 
touching  the  bottom  (Fig.  H).  The  structure  is  not  firm  and  rough  handling 
will  break  it  or  cause  it  to  curl  up  at  the  bottom  of  the  tube.  The  pellicle  is 
always  snow-white  in  color,  unless  there  is  a  mixture  of  blood  in  the  tube,  and 
is  made  up  of  fine  reticuli.  The  rest  of  the  fluid  is  clear,  even  if  before  the  ap- 
pearance of  the  sediment  it  appeared  to  be  slightly  turbid. 

Often  when  a  T.  B.  meningitis  is  mistaken   for  other  forms  of  meningitis 
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Xormal. 

Meningococcic  meningitis,  fairly  early. 

Meningococcic  meningitis,  advanced    (sulphur-like    granules). 

Meningococcic  meningitis,  iate  in  disease. 

Meningococcic  meningitis,  severe,    on   road   to   recovery. 

Pneumococcic  meningitis,  fatal. 

Pneumococcic  meningitis,  fatal. 

Tuberculous   meningitis. 


and  serum  is  administered  the  pellicle  will  still  form  if  the  fluid  has  been  left 
undisturbed.  The  pellicle  formation  is  of  diagnostic  value  in  such  cases,  since 
the  serum  injection  renders  all  chemical  tests  valueless. 

The  pellicle  formation  is  of  great  assistance  diagnostically  when  the  spinal 
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iluid  withdrawn  is  mixed  with  blood,  and  all  other  tests  but  the  bacteriological 
are  thereby  rendered  useless.  The  sediment  appears  in  a  short  time  directly- 
above  the  blood  that  has  settled  at  the  bottom,  showing  the  same  characteristics 
as  if  no  blood  were  present. 

I  made  an  attempt  to  study  the  microscopic  appearance  of  the  sediment  in 
the  various  forms  of  meningitis.  The  superficial  examination  of  the  sediment  in, 
meningococcic  meningitis  showed  leucocytes  and  reticuli.  In  one  case  of  pneu- 
mococcic  meningitis  the  microscopical  examination  showed  fibrinous  masses,  in 
another  homogeneous  masses.  I  can  at  present  say  nothing  positive,  howe^-er, 
about  the  microscopic  character  of  the  sediment.  I  hope  to  be  able  to  go  into 
the  investigation  more  thoroughly  in  the  near  future. 

FOAM. 

I  observed  a  rather  peculiar  thing  in  the  specimens  of  spinal  fluid  that  came 
under  my  observation — a  phenomenon  to  which  I  have  not  yet  been  able  to  find 
any  reference  in  literature — namely  the  formation  of  a  foam  on  the  surface  of 
pathological  specimens  of  spinal  fluid.  With  one  exception  I  found  that  all  the 
pathological  fluids,  covering  every  form  of  meningitis  and  of  lues,  produced  a 
foam  when  the  tube  was  shaken  even  slightly,  whereas  in  the  case  of  normal 
fluids  even  the  most  vigorous  shaking  did  not  result  in  the  formation  of  a  thick 
foam,  the  utmost  being  the  rise  of  a  thin  layer  of  bubbles  to  the  surface  of  the 
fluid.  The  foam  produced  in  the  pathological  fluids  I  found  to  be  from  ^  to 
2  inches  in  height,  resembling  a  soap  foam  in  all  its  details.  The  foam  thus  formed 
persists  from  one-half  to  several  hours,  when  left  undisturbed,  while  the  bub- 
bles produced  in  the  normal  spinal  fluid  disappear  in  a  ver\-  short  while.  What 
adds  greater  significance  to  the  foam  formation  is  the  fact  that  the  alkalinity 
of  the  spinal  fluid  that  foamed  was  increased,  upon  standing,  from  one-half  to 
one  and  one-half  c.c.  of  a  n/100  HoSOj,  above  the  alkalinity  obtained  right  af- 
ter the  withdrawal  of  the  fluid  from  the  body.  (The  indicator  I  used  was  methyl 
red  which  I  described  more  fully  in  the  Archives  of  Pediatrics,  April.  1916.) 
The  fluid  that  did  not  foam  showed  no  increase  in  alkalinity  upon  standing. 
Whether  this  will  hold  good  in  every  case  is  something  that  remains  for  investi- 
gators in  this  field  to  determine.  If  it  does,  it  may  serve  as  a  rough  index  for 
pathological  fluids. 

SUMMARY. 

1.  The  color  of  the  fluid  varies  with  the  form  of  meningitis. 

2.  A  sediment  appears  in  every  form  of  meningitis. 

3.  The  sediment  forms  most   rapidly   when  the   fluid  is  left  undisturbed. 

4.  The  sediment  appears   in   y^   to   12  hours  after   withdrawal    from   the 
!)ody,  forming  most  quickly  in  meningococcic  and  pneumococcic  meningitis. 

5.  In  meningococcic  meningitis  the  sediment  appears  at  lirst  in  the  shape 
of  a  balloon-like  mist,  and  later  takes  on  a  film-like  form. 

It  appears  attached  to  one  side  of  the  lube,  as  a  rule,  inU  reaching  the  sur- 
face of  the  fluid.    As  the  disease  advances  the  sediment  drops  to  the  bottom. 

6.  Pneumococcic   meningitis  gives   a   gra\ish    white   pellicle   triangular   in 
form  in  the  early  stages  of  the  di.sease  and  a  sediment  that  sinks  to  the  bottom  in 
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the  advanced  stage.     In  the  latter  case  the  sediment  coagulates  in  a  short  time. 
The  fluid  remains  grayish  in  color. 

7.  Tuberculous  meningitis  gives  a  pellicle  formation  which  extends  from 
the  upper  level  to  the  bottom  of  the  test  tube.  It  appears  in  either  a  thread-like 
or  cone-like  formation,  with  small  processes  projecting  sideward.  The  pellicle 
is  snow-white  in  color  (unless  there  is  blood  in  it). 

8.  A  pellicle  forms  in  spite  of  serum  injection. 

9.  A  pellicle  forms  when  the  spinal  fluid  is  mixed  with  blood. 

10.  A  foam  appears  at  the  surface  of  fluids  drawn  from  pathologic  cases 
when  the  tube  is  but  slightly  shaken,  and  persists  for  some  time. 

11.  A  uniform  method  of  taking  spinal  fluid  facilitates  all  tests  on  spinal 
fluid. 


THE  "DELAYED  NEGATIVE"  VVASSERMANN  REACTION 

By  George;  Manghili.  Olson,  M.D.,  Minneapolis,  Minn. 


THE  Wassermann  reaction  is  not  infrequently  negative  when  the  patient  shows 
signs  of  syphilis  or  very  obviously  has  not  had  sufficient  treatment.  In  late 
or  tertiary  syphilis  the  reaction  may  be  negative  when  the  patient  has  had  no 
treatment  at  all.  In  order  to  increase  the  percentages  of  positives  in  syphilis, 
and  to  render  the  test  more  delicate,  the  Wassermann  reaction  has  been  modi- 
fied by  a  large  number  of  methods,  and  attempts  at  its  replacement  by  other  and 
entirely  different  tests  have  been  made.  The  unfortunate  result  of  this  attempt 
to  modify  or  cause  the  Wassermann  test  to  give  more  positives  in  syphilis  has 
been  not  only  to  cause  more  positives  in  syphilis,  but  to  get  positives  in  patients 
that  were  entirely  free  from  syphilis.  So  that  today  the  original  Wassermann 
test  is  still  the  most  useful,  and  is  less  liable  to  error  than  the  many  methods 
designed  to  replace  it. 

The  "delayed  negative"  Wassei*hiann  does  not  modify  the  technic  in  any 
way,  and  is  made  simply  by  taking  readings  at  twenty  minute  intervals  while 
the  tubes  are  in  the  incubator,  instead  of  one  reading  at  the  end  of  two  hours. 
The  Wassermann  test  showing  complete  hemolysis  at  the  end  of  two  hours  is 
read  as  negative.  This  hemolysis  however  often  occurs  in  twenty  to  thirty  min- 
utes after  the  tubes  have  been  placed  in  the  incubator.  The  time  at  which  this 
hemolysis  occurs  varies  very  markedly  when  testing  different  sera,  and  if  only 
one  reading  is  taken  at  the  end  of  two  hours,  much  valuable  information  will 
have  been  lost.  Readings  should  be  taken  at  intervals  of  twenty  minutes,  and 
if  this  is  done,  the  "delayed  negative"  Wassermann  will  often  be  found.  At  the 
end  of  the  first  twenty  minutes,  often  the  negative  control  will  be  completely 
hemolyzed,  there  will  be  no  hemolysis  in  the  positive  control,  and  the  serum  to 
be  tested  will  show  no  hemolysis.  In  other  words  the  serum  to  be  tested  shows 
a  positive  reaction  at  the  end  of  the  first  twenty  minutes.  At  the  end  of  forty 
minutes,  however,  the  serum  to  be  tested  shows  marked  hemolysis,  while  the 
positive  control  still  shows  absolutely  no  hemolysis.  At  the  end  of  t\vo  hours 
the  serum  to  be  tested  is  completely  hemolyzed  or  absolutely  negative. 
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I  have  found  this  "delayed  negative"  Wassermann  to  be  of  very  much  greater 
value  than  the  slightly  positive  \\'assermann,  where  the  test  shows  only  some  non- 
hemolysis  at  the  end  of  two  hours  in  the  incubator.  The  slight  positive  Wasser- 
mann  is  often  due  to  spoiled  serum,  errors  in  technic,  etc.  The  "delayed  nega- 
tive" Wassermann  is,  I  believe,  of  much  greater  value  in  showing  the  presence 
of  some  of  the  so-called  antibodies  of  syphilis,  even  when  they  are  not  present 
in  sufficient  amount  to  give  a  positive  Wassermann.  In  patients  with  the  initial 
lesion  of  syphilis,  this  reaction  is  often  present  when  the  ^^^assermann  reaction 
is  absent.  Any  patient  having  a  suspicious  sore,  and  showing  this  "delayed 
negative"  Wassermann,  should  be  very  carefully  and  repeatedly  examined  for 
the  presence  of  the  Spirocheta  pallida.  The  reaction  is  also  of  importance  in  the 
tertiary  stage,  where  patients  with  active  lesions  of  syphilis  show  thirty-three 
per  cent  of  negative  \\'assermann  reactions.  As  a  guide  in  the  treatment  of 
syphilis,  the  "delayed  negative"  is  an  indication  for  more  treatment,  even  though 
the  Wassermann  is  completely  negative  at  the  end  of  two  hours  in  the  incubator. 
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EDITORIALS 


The  Etiology  of  the  Common  Cold 

OF  all  the  less  serious  diseases  that  afflict  human  beings,  there  is  unquestion- 
ably none  that  leads  to  so  much  discomfort  and  that,  economically  speak- 
ing, reduces  efficiency  by  a  higher  percentage  than  the  so-called  "cold  in  the 
head."  There  seems  to  be  no  lasting  immunity  and  it  goes  through  families, 
schools  and  institutions  in  a  way  that  has  long  left  no  doubt  as  to  its  transmissibil- 
ity  from  person  to  person.  It  has  been  investigated  bacteriologically  by  a  large 
number  of  workers,  probably  by  many  more  than  the  literature  shows.  We  alone 
know  of  two  pieces  of  work  done  on  this  illness,  which  were  never  published 
because  of  their  inconclusiveness.  When  the  colds  have  been  very  severe,  they 
have  usually  been  called  "grippe"  or  "influenza,"  in  spite  of  the  fact  that  the 
Pfeiffer  bacillus  was  not  often  found.  At  various  times,  the  influenza  bacillus, 
the  dififerent  streptococci  and  pneumococci  have  been  held  responsible.  During 
recent  years  Tunnicliff  described  a  bacillus  to  which  she  attributes  etiological 
importance.  It  has  been  noticed  by  many  bacteriologists,  who  have  studied  the 
condition,  that  the  mucus  from  typical  colds  was  curiously  free  from  bacteria. 
In  1914  Kruse^  suggested  that  the  ordinary  cold  might  be  due  to  a  filterable 

'Kruse:    Munchener  Mediz.  Woch.,  1914,  vol.  Ixi. 
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virus.  He  filtered  the  secretions  from  the  nose  of  a  person  suffering  from  a  cold, 
through  a  filter  impervious  to  bacteria,  proved  it  free  of  bacteria  and,  with  it, 
inoculated  a  series  of  volunteers,  one-third  of  whom  contracted  colds  within  one 
to  four  days.    In  a  second  series  of  36,  he  obtained  positive  results  in  42  per  cent. 

Foster  of  the  U.  S.  Army  Medical  Corps  has  recently  repeated  Kruse's  ex- 
periment in  the  Laboratory  of  Preventive  Medicine  at  Harvard.  The  case  with 
which  he  began  work  was  one  of  typical  coryza  with  moderate  systemic 
symptoms  and  profuse  itiucoid  nasal  discharge.  From  this  and  two  similar 
cases,  secretion  was  obtained,  mixed  with  isotonic  salt  solution,  and  filtered 
through  a  Berkfeldt  "N"  filter.  Bacterial  cultures  of  this  filtrate  proved  sterile. 
Ten  volunteers  from  the  garrison  of  Fort  Banks  were  inoculated  with  the  filtrate 
by  instilling  about  three  to  six  drops  into  each  nostril,  after  washing  the  nose 
with  water.  Nine  of  these  ten  developed  symptoms  of  acute  coryza  in  from 
eight  to  thirty  hours.  Some  of  them  developed  simple  rhinitis,  others  had  slight 
fever,  with  involvement  of  the  eustachian  tubes,  sore  throat,  cough,  and  pain 
in  the  back;  one  of  them  had  tenderness  of  the  parotid,  another  herpes  of  the 
lips.  These  cases  of  Foster  seem  definitely  to  confirm  Kruse's  observation  and, 
in  the  light  of  these  results,  we  may  be  permitted  to  add  a  single  instance  ob- 
served by  Dr.  Hopkins  and  the  writer,  which  appears  now  to  have  more  im- 
portance than  we  ventured  to  attribute  to  it  at  the  time.  A  secretion,  filtered  and 
controlled  just  as  were  those  of  Foster,  was  obtained  from  the  nasal  mucous 
of  a  student  at  Columbia,  suffering  from  acute  coryza,  and  about  1  c.c.  in- 
stilled into  the  nose  of  a  member  of  the  laboratory  staff.  He  developed  a  vio- 
lent coryza  within  three  days.  However,  this  individual  had  been  exposed,  as 
had  the  rest  of  the  laboratory  staff,  to  intimate  contact  with  the  class,  a  high 
percentage  of  whom  were  suffering  from  acute  coryza  at  the  time,  and  con- 
trol experimentation  could  not,  therefore,  be  carried  out.  This  is  mentioned 
only  because  of  the  fact  that  it  seems  to  us  of  great  interest  in  connection  with 
Foster's  excellent  investigation.  : 

Particular  importance  is  lent  to  Foster's  work  by  the  fact  that  he  went  (^n 
to  the  cultivation  of  the  apparently  filterable  virus  by  the  methods  employed  by 
Flexner  and  Noguchi  in  tlie  case  of  poliomyelitis,  in  which  tissue  ascitic  fluid 
and  tissue  broth  were  used  in  high  tubes  sealed  with  paraffin  oil.  About  0.5  c.c. 
of  the  nasal  filtrate  was  introduced  into  the  tubes,  directly  in  contact  with  the 
tissue,  after  these  tubes  had  been  proved  sterile  by  previous  incubation.  A  dis- 
tinct, grayish-white,  opalescent  halo  appeared  at  the  end  of  twenty-four  hours,  in 
the  ascitic  fluid  and  broth.  This  thickened  for  three  or  four  days  and  the  hazi- 
ness extended  up  the  tubes.  Under  tlic  dark  lield,  active,  minute  bodies,  oc- 
curring singly  and  in  groups,  a])peare(l  and,  stained  by  \arious  niethnds.  minute 
coccoid  bodies  were  demonstrable  in  all  the  ])reparations.  Successful  inocula- 
tions were  obtained  from  eleven  soldiers  into  whose  noses  the  filtrates  obtained 
from  sub-cultures  and  so  diluted  tiiat  the  original  material  obtained  from  the 
first  case  was  in  concentration  nut  higher  than  1.000  to  '^'O.OOO. 

We  regard  the  work  of  Foster  as  of  unusual  importance.  His  results  are 
clear-cut  and,  although  in  the  original  conception  a  confirmation  of  Kruse,  go 
much  further  in  that  they  may  possibly  have  resulted  in  the  successful  cultivation 
of  the  microorganism.      It   is   further  worthy  of   comment   that   Foster's   work, 
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though  systematically  and  very  accurately  carried  out,  is  presented  with  a  degree 
of  conservatism  and  self-criticism  which  lends  additional  weight  to  the  conclu- 
sions which  he  himself  regards  as  justified. 

— //.  Z. 


Death  by  Suffocation 

DEATH  from  suffocation  may  result  in  the  following  ways: 
1.     From  the  growth  of  a  tumor  in  the  larynx  or  trachea. 

2.  By  disease  of  the  glottis,  such  as  edema,  or  by  spasm  produced  by  some 
powerful  irritant,  such  as  boiling  water  or  some  corrosive  poison.  These  modes 
of  death  by  suffocation  may  be  natural  or  due  to  disease. 

3.  The  accidental  entrance  of  foreign  bodies  into  the  larynx.  There  are 
many  cases,  especially  among  children  in  which  death  has  been  caused  by  bits 
of  food  getting  lodged  in  the  windpipe  during  swallowing,  or  by  vomited  mat- 
ter getting  into  the  windpipe. 

Mackenzie  tells  of  a  man  who  choked  while  attempting  to  swallow  a  large 
piece  of  meat.  Death  occurred  in  a  short  time,  and  postmortem  examination 
showed  that  the  piece  of  beef  had  lodged  in  the  glottis,  a  part  of  it  having  passed 
through  the  rim.  In  another  instance  a  drunken  man  was  found  dead,  and 
examination  showed  a  thin  piece  of  potato  skin  covering  the  rim  of  the  glottis 
so  closely  that  it  prevented  the  entrance  of  air.  The  man  had  eaten  potatoes 
for  dinner,  and  while  thoroughly  intoxicated  vomited,  and  being  unconscious  he 
was  unable  to  cough,  and  death  resulted  from  this  mechanical  obstruction.  In 
still  another  instance  cited  by  Taylor  a  woman  died  during  a  violent  fit  of 
coughing.  An  autopsy  showed  a  large  tough  piece  of  mucus  lodged  in  and  clos- 
ing the  rim  of  the  glottis. 

4.  A  foreign  body  may  be  forcibly  introduced  into  the  mouth  and  crowded 
down  upon  the  glottis  so  as  to  cut  off  the  air  supply.  The  introduction  of  such 
bodies  may  be  done  without  the  ptifrpose  of  injury.  Thus,  nurses  sometimes 
gag  their  charges  with  little  bags  made  of  soft  leather  or  cloth  containing  some 
sweet  substance.  In  several  instances  death  has  resulted  in  this  way.  The  child, 
unable  to  remove  the  gag,  carries  it  back  into  its  throat  until  respiration  is  in- 
terfered with,  and  death  may  be  induced.  In  some  instances  this  gag  is  only 
a  rag  sweetened  with  sugar. 

5.  By  too  closely  covering  the  head.  It  is  easy  to  kill  an  infant  by  suf- 
focation either  accidentally  or  intentionally.  The  writer  has  known  of  several 
instances  in  which  children  only  a  few  days  old  have  gone  to  sleep  closely 
pressed  to  the  mother's  breast.  The  mother  also  has  fallen  asleep,  the  child's 
head  gets  under  the  bedclothes,  or  is  in  part  covered  by  the  body  of  its  mother, 
and  it  dies  without  a  struggle.  This  is  known  as  death  from  smothering  or 
overlaying.  In  the  great  majority  of  instances  it  is  unintentional,  but  cases  of 
intentional  infanticide  by  this  method  have  been  reported.  Any  person  may  be 
killed  by  smothering,  provided  the  difference  in  strength  between  the  victim  and 
the  murderer  is  sufficient  to  allow  the  latter  to  accomplish  his  purpose.  In  or- 
der to  render  his  victim  more  helpless  the  homicide  may  resort  to  the  previous 
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administration  of  some  drug.     As  a  rule  homicidal  death  by  smothering  is  in- 
flicted only  upon  infants  or  the  aged  and  infirm. 

6.  By  accidentally  burying  the  body  in  grain,  flour,  ashes,  or  some  other 
finely  divided  substance.  A  man  may  fall  down  a  wheat  elevator,  escape  all 
violence  from  the  fall,  but  may  die  in  a  few  minutes  from  suffocation.  Deaths 
caused  in  this  way  are  probably  always  accidental. 

7.  The  face  may  be  held  in  snow,  mud,  ashes,  feathers,  grain,  leaves,  or 
some  similar  substances  until  death  from  suffocation  results. 

8.  The  hand  or  a  cloth  may  be  forcibly  held  over  the  mouth  or  nostrils 
until  death  results.  Frequently  the  homicide  in  resorting  to  this  method  aids 
in  the  accomplishment  of  his  purpose  by  placing  the  weight  of  his  body  upon 
the  chest  of  his  victim. 

It  is  quite  evident  from  what  has  been  said  that  even  homicidal  death  by 
suffocation  may  result  without  any  external  evidences  of  injury.  In  investigat- 
ing deaths  from  suffocation,  the  expert  must  carefully  note  the  condition  of 
the  larynx,  and  especially  look  for  the  presence  of  foreign  bodies  in  this  loca- 
tion. Tardieu  once  believed  that  the  presence  of  minute  ecchymoses  on  the 
surface  of  the  lungs  beneath  the  pleura  was  characteristic  of  death  by  suffoca- 
tion. He  described  these  spots  as  varying  in  size  from  that  of  a  pinhead  to  a 
lentil,  and  in  number  from  five  or  six  to  so  many  that  the  lung  had  a  granite- 
like appearance.  They  are  found  most  abundantly  near  the  base  of  the  lungs. 
However,  other  investigators  claim  that  these  ecchymoses  although  common  in 
death  from  suffocation,  are  met  with  in  other  forms  of  asphyxia,  and  a  com- 
mittee of  the  medico-legal  society  of  Paris  made  the  following  report  concern- 
ing them : 

1.  Subpleural   ecchymoses   may   appear   after   death    from   various   causes: 

2.  They  may  be  met  with  after  death  from  hanging,  strangulation,  sub- 
mersion, and  suffocation : 

3.  They  are  of  value  only  when  associated  with  other  signs  indicating  the 
cause  of  death. 

The  condition  of  the  heart  is  variable,  but  as  a  rule  corresponds  with  that 
found  after  death  from  other  forms  of  asphyxiation.  The  blood  is  fluid  and  the 
right  heart  distended,  while  ecchymoses  are  frequently  found  in  the  pericardium. 
The  brain  as  a  rule  is  engorged  with  venous  blood,  and  there  may  l»e  hemor- 
rhages, although  these  are  rarely  found. 

Suff"ocation  is  the  cause  of  death  in  most  persons  killed  by  crowding. 
When  people  are  seized  with  panic  and  rush  from  a  building  most  of  those  who 
lose  their  lives  are  suffocated  and  not  trampled  to  death.  The  body  is  so  com- 
pressed by  the  crowd  and  the  volume  of  air  so  limited,  that  death  from  suf- 
focation results.  This  may  l)a])iien,  if  the  crowd  be  sufficiently  dense,  in  the 
open  air.  Indeed,  tlic  nid-t  striking-  illustrations  of  this  kind  of  death  have  oc- 
curred in  IIk-  open,  as  f(ir  instance  the  death  of  more  tlian  1,500  persons  in  the 
open  plain  near  Mosctnv  at  the  time  nf  the  coronal  inn  of  the  ])resent  lunperor 
of  Russia. 

Suffocation  from  Disease. — It  should  always  be  borne  in  mind  that  every 
sudden  death  from  suffocation  is  not  due  to  violence,  either  suicidal  or  homi- 
cidal, nor  to  accident;  and  whenever  an  obduction  is  held  the  man  or  men  who 
perform  it  should  see  whether  or  not  death  may  have  been  due  to  some  palho- 
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logical  condition.  The  presence  of  a  tumor  is  so  easily  recognized  that  it  needs 
only  to  be  mentioned.  Laryngeal  diphtheria,  fortunately  much  less  common 
now  than  before  the  discovery  and  application  of  diphtheria  antitoxin,  is  still 
an  occasional  cause  of  sudden  death,  although  as  a  rule  death  is  preceded  by 
some  days  of  illness.  It  is  known  that  a  small  plug  of  bronchitic  mucus  may 
suffice  in  infants  to  close  one  of  the  small  bronchi  and  cause  sudden  death.  In 
some  instances  this  obstruction  to  the  passage  of  air  is  so  small  that  it  can  be 
detected  only  by  careful  microscopic  examination.  Herford.  as  quoted  by 
Ziemke,  reports  six  cases  of  sudden  death  in  children  in  which  no  macroscopic 
cause  could  be  found,  but  histological  examination  proved  the  existence  of  capil- 
lary bronchitis.  It  seems  that  there  are  instances  in  which  the  thyroid  en- 
larges without  attracting  attention  and  finally  interferes  with  respiration  and 
may  cause  sudden  death  by  pressure  on  the  blood  vessels  or  by  reflex  action 
through  the  nerves.  Richter  thinks  that  in  these  instances  there  may  be  marked 
hyperemia  and  swelling  in  the  tracheal  mucous  membrane.  Again,  there  is  the 
condition  known  as  status  lymphaticus  in  which  there  is  general  hyperplasia  of 
the  lymphatics,  involving  the  thymus,  the  solitary  and  agminated  glands  in  the 
mucous  membrane  of  the  intestines  and  the  lymphatic  glands  in  other  portions 
of  the  body.  It  has  been  supposed  by  some  that  the  hyperplastic  thymus  in 
children  through  either  a  very  rapid  enlargement  or  by  pressure  being  brought 
to  bear  on  some  nerve  by  a  sudden  movement  may  sometimes  cause  sudden 
death.  These  explanations  are  largely  hypothetical  and  not  altogether  satis- 
factor)'.  Ziemke  states  that  in  some  of  these  cases  he  has  found  catarrhal  changes 
in  the  lungs  and  more  frequently  in  the  intestines.  In  the  instance  of  a  child 
one  year  of  age  that  had  repeatedly  shown  signs  of  heart  weakness  and  had  suf- 
fered from  intestinal  catarrh,  he  found  hyperplasia  of  the  thymus  with  ecchy- 
moses,  a  marked  status  lymphaticus,  an  extraordinary  dilatation  of  the  left  ven- 
tricle and  a  fatty  degeneration  of  the  cardiac  muscle.  He  also  states  that  in 
cases  of  sudden  death  in  children  in  which  evident  changes  are  lacking,  he  has 
never  failed  to  observe  a  well  dev^oped  rachitis.  In  such  instances  there  may 
be  the  condition  designated  by  Kassowitz  as  ''expirator}'  apnea"  and  spasm  of 
the  muscles  of  the  glottis  may  account  for  the  sudden  death.  The  theory  of 
a  suddenly  developed  endogenous  poison  is  of  special  interest  in  connection 
with  the  recent  discover}-  of  the  fact  that  many  proteins  contain  a  poisonous 
group,  but  much  work  along  this  line  must  be  done  before  positive  statement 
can  be  made.  The  subject  of  a  sudden  death  in  early  life  with  the  literature  has 
been  admirably  presented  by  Griffith.^ 

Sury-  gives  an  extensive  review  of  the  literature  of  so-called  mors  thymica, 
adds  considerable  of  value  from  his  own  studies,  and  reaches  conclusions  that 
may  be  abbreviated  as  follows :  None  of  the  reports  of  cases  of  death  from 
this  cause  in  the  newly  born  are  free  from  error.  Aspiration  of  fluid  into  the 
bronchi  may  happen  in  so-called  easy  births  when  the  pains  follow  in  rapid  suc- 
cession. The  fetus  suffers  from  oxygen  hunger  and  breathes  too  soon.  As 
a  rule,  the  size  of  the  thymus  varies  with  that  of  the  child,  and  in  many  in- 
stances in  which  the  gland  has  been  reported  as  "enormous"  its  weight  falls 
within  normal  limits.  Sudden  death  of  a  child  from  mechanical  causes  in  case 
of  normal  thymus  have  not  been  demonstrated.  There  is  in  these  cases  a  nat- 
ural cause  of  death,  and  this  is  generally  either  a  bronchitis  or  an  enteritis,  which 
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is  overlooked  at  the  obduction.  Chronic  difficuhy  of  respiration,  as  continued 
stridor  and  partial  asphyxiation,  rarely,  though  sometimes,  seen  in  children,  is 
benefited  by  partial  or  total  extirpation  of  the  thymus.  The  explanation  of  this 
is  not  clear.  In  only  one  case,  that  of  Rolleston,  was  the  gland  found  to  weigh 
more  than  300  g.  Complete  closure  of  the  trachea  in  cases  of  so-called  enlarged 
thymus  by  throwing  the  head  backwards,  has  not  been  proven.  Dangerous  pres- 
sure on  the  vessels  or  nerves  by  a  thymus  of  normal  size  has  not  been  demon- 
strated, and  seems  improbable.  The  so-called  typical  signs  of  asphyxiation  are 
not  pathognomonic,  and  consequently  are  not  of  value  in  forensic  medicine. 
A  positive  diagnosis  of  status  lymphaticus  in  a  child  is  difficult,  and  should  be 
made  only  after  a  most  careful  study.  The  involution  of  the  thymus  begins 
with  adolescence,  and  there  is  a  relation  between  this  gland  and  the  sexual  or- 
gans not  yet  understood. 

Suffocation  in  Attempting  to  Swalloiv. — When  one  attempts  to  swallow 
something  that  is  too  large  to  pass  into  the  esophagus,  it  may  get  so  wedged 
into  the  throat  as  to  occlude  the  larynx.  Unless  the  object  is  speedily  dislodged, 
dyspnea,  spasm  and  loss  of  consciousness  followed  by  death  may  follow.  The 
pieces  that  men  have  attempted  to  swallow  are  of  surprising  size.  Richter 
found  a  piece  of  meat  8  cm.  long,  from  3  to  4  broad  and  2  thick,  and  Liman 
found  a  whole  herring  rolled  up  and  lodged  in  the  throat.  People  go  to  sleep 
with  things  in  their  mouths  and  these  may  be  aspirated  into  the  air  passages. 
Rubber  balls  and  similar  playthings  given  to  children  are  dangerous  and  not 
infrequently  cause  death.  Diehl  tells  of  a  man  who  while  springing  across  a 
brook  aspirated  a  cigar  stump  into  his  air  passages  and  was  dead  within  a  few 
minutes.  Articles  of  food  vomited  from  the  stomach  may  be  aspirated  into 
the  lungs  with  fatal  results.  Accidents  of  this  kind  are  most  likely  to  happen 
to  children  and  to  drunken  adults.  When  the  aspirated  particles  are  small  they 
may  be  carried  into  the  finest  bronchi.  Severe  hemorrhage  or  the  discharge  of 
an  abscess  may  fill  the  larynx  and  cause  death  by  asphyxiation.  Cases  are  re- 
ported in  which  the  trachea  has  been  occluded  with  necrotic  tissue  from  caseous 
lymph  glands  that  have  perforated  into  the  bronchi.  Tn  death  from  accidents 
of  this  kind  the  lungs  are  found  to  be  inflated. 

Closure  of  the  Nose  and  Mouth. — When  this  is  done  with  the  naked  hand 
the  force  used  generally  exceeds  that  necessary  and  scratches  with  the  nails  are 
frequently  left  in  evidence.  When  the  hand  is  covered  or  some  soft  material 
is  laid  over  the  face  and  pressure  made  upon  it  the  marks  will,  of  course,  be 
wanting.  Children  are  often  killed  in  this  way  or  they  may  l)e  smothered  by 
being  covered  or  by  being  buried  in  ashes,  loose  dirt  or  in  meal  or  tlour.  \\  hen 
finely  divided  material  is  employed  ])articlcs  may  be  aspirated  into  the  lungs. 
Infants  and  adults  in  an  unconscious  state  may  be  sufi^ocated  b\  I_\ing  face 
downward  in  any  soft  material,  it  is  said  i)y  Okamato,  that  a  few  thicknesses 
of  moist  Japanese  pai)er  j)laced  over  the  nose  and  mouth  of  an  infant  excludes 
the  air  sufficiently  to  lead  to  ileath  in  a  few  minuti.'s.  Suicide  by  closing  the 
mouth  and  nose  with  the  hand  is  unknown  and  i^  probal)ly  impossible.  Ziemke 
states  that  there  is  recorded  one  instance  of  suicide  bv  putting  the  head  under 
a  mass  of  bed  clothing.  A  woman  killed  Iier  child  and  hersell'  in  this  way. 
Taylor  states  that  formerl}-  in  London  ;i  thief  would  knock  his  \ictini  senseless 
and  while  in  this  state  co\-er  his  nose  and  nioiuh  with  a  ])itch  jjlaster. 
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Suffocation  by  Pressure  on  the  Chest. — If  external  pressure  on  the  chest 
be  continued  for  a  short  time  and  be  sufificient  to  markedly  retard  the  respira- 
tion death  occurs.  This  is  not  an  nncommon  cause  of  accidental  death.  For 
instance,  men  are  digging  a  trench  in  a  gravel  soil  and  have  reached  a  depth 
of  four  to  five  feet  when  a  mass  of  earth  falls  about  them.  Unless  speedily 
extricated  death  may  result  from  the  external  pressure.  Indeed,  the  depth  of 
burial  may  include  no  more  than  the  abdomen,  and  if  the  pressure  be  con- 
tinued it  will  arrest  the  movements  of  the  diaphragm  and  cause  death  from 
asphyxia.  When  people  are  jammed  together  or  against  a  wall  in  a  mad  rush 
in  the  face  of  some  threatening  catastrophe  some  become  unconscious  and  fall 
on  account  of  the  pressure.  After  falling  they  are  likely  to  be  trampled  upon 
and  the  injuries  resulting  from  this  are  generally  reckoned  as  the  efficient  causes 
of  death.  It  is  easily  understood  that  the  mechanism  of  death  by  compression 
is  quite  dififerent  from  that  induced  by  any  other  form  of  strangulation  or  suf- 
focation. There  is  increased  blood  pressure  in  every  part  of  the  body  and 
ecchymoses  are  numerous.  When  the  head  as  well  as  the  trunk  is  buried  two 
factors  may  come  into  play,  the  partial  exclusion  of  air  from  the  upper  pas- 
sages and  the  relative  immovabilitv  of  the  respiratory  muscles.  \\'hen  one  is 
rescued  in  time  to  save  life  the  subsequent  symptoms  will  vary  with  the  de- 
gree of  the  pressure  and  the  time  it  has  been  borne,  but  there  may  be  protru- 
sion of  the  eye  balls,  fixed  pupils,  generally  in  dilatation,  possibly  complete  blind- 
ness, and  albuminuria.  Paralytic  symptoms  may  also  be  present  and  psychical 
disturbances  are  sometimes  observed. 

In  cases  of  death  the  skin  has  an  ashy  or  bluish-black  appearance  and  on 
close  examination  it  will  be  found  that  this  color  is  not  wholly  due  to  cyanosis 
but  that  there  are  numberless  ecchymoses. 

Death  by  compression  of  the  thorax  is  in  the  great  majority  of  instances 
accidental.  The  pressure  of  the  knee  on  the  chest  in  some  cases  of  homicidal 
strangulation  may  be  a  contributory  factor  in  the  causation  of  death,  and  Maschka 
reports  a  case  in  which  a  girl  was,  raped  by  two  men.  \\'hile  one  attempted  to 
perform  the  act  the  other  held  her  by  pressure  on  her  thorax  and  this  killed 
her. 
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Acidosis 


"pERHAPS  if  the  present  tendency  persists  in  the  elucidation  of  disease  proc- 
•*•  esses  we  will  say  that  streptococci  (or  pneumococci),  acidosis,  and  duct- 
less gland  disorders  cause  all  diseases.  Whether  such  a  trend  does  or  does  not 
persist,  there  is  evidence  that  there  is  a  great  deal  of  conversational  and  literary 
excitement  centering  about  acidosis.  Any  serious  logical  discussion  of  that  topic 
is  therefore  welcomed,  and  such  is  that  of  Rowland  and  Marriott.^  Their 
discussion  has  particular  reference  to  children,  but  is  not  however  narrow  be- 
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cause  of  that  reference.  They  call  attention  to  the  fact  that  acidosis  is  very 
loosely  applied  in  medicine  and  that,  as  a  rule,  it  is  taken  to  mean  that  acetone 
bodies  have  been  found,  by  qualitative  tests,  in  the  urine.  They  also  say  that 
acetone  in  the  urine  is  not  necessarily  abnormal.  In  other  words  it  is  not  the 
mere  presence  of  acetone  bodies  that  determines  acidosis ;  acidosis  depends  upon 
the  relation  between  acid  production  and  neutralization  in  the  body.  The  pres- 
ence of  acid  in  the  urine  may  not  be  the  expression  of  an  acidosis,  for  a  severe 
acidosis  may  exist  with  no  abnormal  amounts  of  urinary  acid. 

There  are  several  ways  of  discovering  the  presence  of  an  acidosis.  One 
of  these  is  to  discover  the  ammonia  excretion.  A  high  ammonia  coefficient  al- 
ways arouses  the  suspicion  of  acidosis  but  unless  there  is  other  confirmation,  is 
not  conclusive,  for  it  is  to  be  remembered  that  a  high  ammonia  excretion  may 
result  from  dietetic  causes.  Fatal  acidosis  may  occur  without  any  considerable 
increase  of  the  ammonia  coefficient. 

Another  method  is  to  determine  the  carbon  dioxide  tension  of  the  blood.  It 
is  diminished  in  acidosis.  It  is  diminished  because  there  is  less  alkali  (bicarbon- 
ate) in  the  blood.  Sodium  bicarbonate  is  the  great  neutralizer  of  the  body.  If 
there  is  a  relative  excess  of  carbon  dioxide  over  bicarbonate  the  neutral  reaction 
of  the  blood  moves  to  the  acid  side,  the  respiratory  center  is  stimulated,  and  by 
increased  pulmonary  action,  the  body  attempts  to  remove  the  excess  of  CO,- 
So,  bicarbonate  deficiency  of  the  blood  is  an  indication  of  acidosis,  as  is  also, 
dyspnoea.  The  carbonate  content  may  be  tested  by  Sellards'  method-  applied 
to  the  serum,  or  by  the  alkali  tolerance  test.-'  ^  The  former  consists  in  remov- 
ing the  proteins  of  blood  serum  with  absolute  alcohol  and  evaporating  the  filtrate 
with  a  few  drops  of  phenolphthalein.  Normally  a  deep  purple  color  appears. 
According  to  the  degree  of  carbonate  deficiency  the  color  is  paler,  or  absent.  The 
latter  test  depends  upon  giving  sodium  bicarbonate  by  mouth  until  the  urine  is 
alkaline. 

Howland  and  Marriott  have  used  these  methods  and  give  details  of  cases 
in  which  they  were  applied.  They  also  remark  that  in  absence  of  proof  of  pres- 
ence of  acids  or  loss  of  bases,  a  striking  evidence  of  acidosis  in  children  is  de- 
crease of  urinary  secretion. 

They  make  the  following  statement,  "We  may  lay  it  down  as  a  general 
maxim  that  as  hyperpnea  indicates  acidosis,  so  hyperpnea  indicates  alkali  ther- 
apy, and  this  for  infants  or  older  children."  They  proceed  to  say  that  alkali 
may  be  given  by  any  route,  but  in  case  rapidity  of  action  is  necessary,  it  is  best 
given  intravenously.  They  mention  the  method  of  using  the  superior  longitudinal 
sinus,  or  the  external  jugular  or  femoral  veins.  Tlie\-  use  only  the  l)icarbonate, 
— 4  per  cent  for  intravenous  use;  2  ])cr  cent  for  subculancons. — and  ad\ise  its 
continuance  until  the  urine  is  alkaline. 

The  remarkable  things  about  this  contribution  are  its  brevity  and  lucidity, 
and  the  absence  of  any  reference  to  Fischer's  work. 
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Recent  Studies  on  He?nophilia 

THERE  are  few  fields  in  internal  medicine  which  are  more  obscure  than  that 
of  the  so-called  hemorrhagic  diseases.  The  purpuras  form  a  group  of 
poorly  dififerentiated  conditions,  oftentimes  overlapping  in  their  clinical  mani- 
festations. Not  until  we  have  more  exact  knowledge  of  the  hemotologic  changes 
will  it  he  possible  to  classify  purpuras  satisfactorily  or  to  apply  rational  treatment. 
Hemophilia  i>  one  of  the  hemorrhagic  diseases.  It  has  been  recognized  clin- 
ically since  1803,  when  it  was  first  described  by  Otto  of  Philadelphia.  He  recog- 
nized the  hereditary  nature  of  the  disease  and  pointed  to  the  fact  that  it  is  trans- 
mitted by  the  female,  who  is  herself  unafifected  by  the  disease,  but  may  transmit 
it  to  her  male  offspring. 

The  cause  of  the  tendency  to  prolonged  hemorrhage  in  hemophilia  has  been 
sought  by  numerous  observers.  The  striking  fact  has  been  noted  by  many  that 
when  blood  is  removed  from  the  hemophilic  unmixed  with  tissue  juices,  its  coagu- 
lation time  is  greatly  delayed,  often  to  two  or  three  hours  or  more.  The  reason 
for  the  delay  has  been  variously  given. 

According  to  Howell's  theory  of  coagulation  of  the  blood,  there  are  five  es- 
sential factors,  i.e.,  prothrombin,  antithrombin,  thromboplastin,  fibrinogen  and 
calcium.  A\'ith  the  exception  of  thromboplastin,  which  is  present  in  the  tissue- 
juice,  all  of  these  substances  occur  in  the  circulating  blood.  Intravascular  clot- 
ling  is  prevented  by  the  interaction  of  the  prothrombin  and  antithrombin.  ^\'hen, 
however,  thromboplastin  is  added  to  the  blood,  it  combines  with  the  antithrombin, 
and  thus  the  prothrombin  is  set  free.  The  prothrombin  is  now  converted,  by 
the  action  of  calcium,  to  thrombin.  This,  in  turn,  changes  the  fibrinogen  into 
fibrin,  a  clot  resulting. 

A\'ith  this  theory  in  mind,  Addis^  approached  the  problem  of  hemophilia  and 
presented  evidence  which  indicated  a  qualitative  defect  in  the  prothrombin  of  the 
blood. 

Howell,-  in  1914,  reported  his  own  studies  on  the  blood  in  hemophilia  and 
other  conditions.  He  devised  methods  for  determining  the  approximate  amounts 
of  antithrombin  and  of  prothrombin  in  the  blood,  and  applied  these  methods  to 
the  study  of  three  cases  of  hemophilia,  whose  spontaneous  clotting  times  varied 
between  two  and  one-half  and  five  hours,  when  blood  was  obtained  unmixed  with 
tissue-juice.  The  importance  of  careful  technic  in  obtaining  the  blood  was  well 
illustrated  by  one  of  his  cases.  On  one  occasion  the  needle  missed  the  vein  and 
only  after  several  trials  was  it  possible  to  obtain  2  c.c.  of  blood.  \\'hen  emptied 
into  a  tube,  this  blood  clotted  in  ten  minutes,  a  normal  time.  Whh  perfect  tech- 
nic, a  second  specimen  was  obtained  from  a  vein  of  the  other  arm ;  it  required 
between  four  and  five  hours  to  clot.  It  is  evident,  therefore,  that  admixture  of 
thromboplastin  from  the  tissues  greatly  lessens  the  clotting  time. 

Examination  of  these  bloods  for  antithrombin  content  showed  a  normal 
amount  of  this  substance,  or  possibly  a  slight  increase  at  times,  though  Howell 
began  his  studies  with  the  expectation  that  a  constant  excess  of  antithrombin 
would  be  encountered  as  the  cause  of  the  delayed  clotting. 

The  prothrombin  content  of  the  blood  was  also  studied.  In  all  the  speci- 
mens examined  from  the  three  patients  at  various  times,  there  was  found  a  de- 
ficiency in  the  quantity  of  prothrombin,  as  compared  with  normal  blood. 
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Howell,  therefore,  says  of  the  disease,  "Hemophilia  may  be  defined  as  a 
condition,  limited  to  the  male,  in  which  the  coagulation  time  of  the  blood  is  mark- 
edly prolonged  in  consequence  of  a  deficiency  in  the  amount  of  the  contained 
prothrombin,  with  the  additional  characteristic  that  the  defect  is  transmissible 
by  heredity  in  accordance  with  the  so-called  loss  of  Nasse."  He  further  says, 
"The  ultimate  cause  of  this  condition  cannot  be  stated.  So  far  as  we  know,  the 
prothrombin  present  in  blood  plasma  is  furnished  by  the  blood  platelets,  and 
it  is  reasonable  to  assume  that  the  defect  in  question  is  referable  to  some  func- 
tional change  in  these  elements." 

The  conclusions  of  Howell  regarding  the  deficiency  in  the  quantity  of  pro- 
thrombin in  the  blood  in  hemophilia  have  been  confirmed  by  the  recent  work  of 
Hurwitz  and  Lucas,"  who  have  studied  five  cases  of  hemophilia,  in  all  of  whom 
prothrombin  deficiency  was  found,  with  normal  quantities  of  antithrombin. 

By  the  local  application  of  kephalin,  a  special  phosphatid  isolated  by  Howell 
(thromboplastic  substance),  they  were  able  to  cause  an  early  arrest  of  hemorrhage 
in  hemophilics. 
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The  Pituitary  and  Groicth 

FROM  very  early  times,  even  those  of  Galen  and  Vesalius,  it  has  been  sus- 
pected that  the  pituitary  had  a  secretory  function,  though  some  intermediate 
writers  believed  that  this  function  had  only  to  do  with  the  production  of  cerebro- 
spinal fluid.  Liegevis  (1860)  was  the  first  to  place  this  gland  with  the  organs 
of  internal  secretion — with  the  ductless  glands.  But  it  was  not  until  1886  that 
Marie  ofTered  evidence  that  this  organ  had  a  sure  eiifect  upon  the  metabolism 
of  the  body  and  that  it  had  an  intrinsic  importance  in  the  growth  processes. 
Even  now,  after  many  years  of  experimentation  and  consideration,  the  mechanism 
underlying  the  change  in  metabolism  is  not  clear.  The  factor  of  age  is  one 
which  must  be  considered,  however,  for  young  animals  and  adult  animals  be- 
have difi^erently  in  their  reaction  to  experimental  procedures.  If  in  jnippics  a 
part  of  the  gland  is  removed  they  become  fat,  slow,  and  remain  undeveloped 
physically,  and  fail  to  acquire  normal  secondary  sex  characteristics.  If  adult 
animals  are  subjected  to  the  same  procedure,  they  lose  .some,  at  lea.st,  of  their 
acquired  sex  characteristics  and  become  less  fal  and  los  inactive  tiian  the  younger 
animals. 

During  hibernation,  the  pituitary  undergoes  a  sort  of  physiologic  atrophy 
and  this  process  is  associated  with  increase  of  fal.  lethargy,  low  temperature,  and 
general  physical  inactivity,  .symptoms  which  arc  similar  to  tlioso  resulting  from 
experimental  damage  to  the  gland.  .Xs  the  period  of  hibernation  pas.ses.  the  pitu- 
itary becomes  normal  in  appearance  and  the  .symptoms  are  lost.  Feeding  gland 
substance  after  destruction  of  the  gland  produces  similar  siieeding  up  of  meta- 
bolism. 
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Not  a  few  experiments  upon  the  effects  of  feeding  pituitary  substance  to,  or 
injecting  pituitary  extracts  into,  animals  have  been  made — with  very  contradic- 
tory results.  Crowe,  Gushing  and  Homans,^  for  instance,  found  that  repeated 
subcutaneous  injections  of  sterile  extracts  or  em.ulsions  of  the  whole  gland,  or 
of  posterior  lobe  alone,  given  subcutaneously,  were  apt  to  lead  to  emaciation. 
Caselli,  on  the  other  hand,  was  able  to  observe  no  appreciable  effect  upon  growth 
after  long  continued  injections  of  glycerine  extracts  of  the  whole  gland.  But 
Gushing  nevertheless  believed  that  growth  was  retarded  by  feeding  pituitary  ma- 
terial. Sandri  reported  negative  results  after  feeding  young  mice  with  bovine 
anterior  lobe,  but  feeding  with  posterior  lobe  arrested  development.  Schaefer 
on  the  other  hand,  observed  a  definite  increase  in  growth  of  young  rats  fed  upon 
anterior  lobe  extracts.  Aldrich  and  Lewis  and  Miller-  could  perceive  no  ob- 
vious effects  produced  by  feeding  pituitary  substance  to  young  rats.  Wulsen^ 
using  fresh  anterior  lobe  of  ox  pituitary  observed  retardation  of  growth.  Beh- 
renroth  is,  Goetsch  says,  the  only  author  who  makes  special  mention  of  an  ac- 
companying effect  upon  another  of  the  ductless  glands.  He  reported  that  pitu- 
itrin  given  at  proper  intervals  produced  premature  development  of  the  sexual 
organs  and  coincident  increased  sexual  activity  on  the  part  of  the  animals 
(young  rats). 

It  w^as  because  of  the  contradictory  results  of  pituitary  treatment  as  re- 
ported in  the  literatvire,  and  because  of  the  quite  obvious  correlation  of  the  sex- 
ual glands  with  the  pituitary,  that  Goetsch  has  carried  out  a  series  of  experi- 
ments^ with  young  rats,  of  known  pedigree,  kept  under  the  best  conditions,  fed 
with  pituitary  substances  in  the  form  of  powdered  extracts  of  the  various  parts 
of  the  gland.     His  reported  results  are  as  follows : 

Dried  powdered  pituitary  extract  derived  from  both  anterior  and  posterior 
lobes,  when  fed  to  young  rats  in  excessive  doses  (0.1  gm.  daily),  causes  failure 
to  gain  in  weight,  loss  of  appetite,  increased  peristalsis,  a  mild  enteritis,  and  cer- 
tain nervous  manifestations,  su-ch  as  muscular  tremors  and  weakness  of  the  hind 
limbs.  The  latter  symptoms  seem  to  be  due  to  posterior  lobe  elements  in  the 
extract.  When  whole  gland  is  fed  over  a  short  period  of  time,  not  in  excessive 
doses,  it  causes  a  more  rapid  growth  and  development,  gain  in  weight,  larger 
nipples  in  the  female,  and  a  coarser,  drier,  harsher  growth  of  hair  than  are  seen 
in  either  control  animals  or  after  similar  administration  of  ovarian  extract  in 
equivalent  dosage.  Whole  gland  extracts  also  influence  the  female  sex  glands, 
increasing  their  development  and  activity.  In  males  there  is  an  analogous  stimu- 
lation.    In  other  words,  sexual  precocity  results  in  either  sex. 

Feeding  with  anterior  lobe  extracts  produces  the  same  effects  as  feeding 
whole  gland,  and  also  exerts  a  stimulant  effect  upon  the  fetuses  in  utero.  Ex- 
tracts of  posterior  lobe  on  the  contrary  seem  to  have  a  retarding  influence  upon 
the  sex  glands,  and  one  which  is  quite  similar  to  the  effect  of  ovarian  extract 
on  the  testes.  Moreover  posterior  lobe  extracts  do  not  stimulate  growth  in  gen- 
eral.    Large  doses  cause  loss  of  weight. 

Ovarian  extracts  have  stimulating  effects  upon  the  female  and  retarding  in- 
fluence upon  the  male  sexual  development. 

These  results  explain,  as  Goetsch  says,  the  fact  that  in  acromegaly  which 
is  due  to  overfunction  of  the  anterior  lobe,  the  early  stages  are  characterized  by 
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increased  sexual  activity  and  in  the  late  stages  loss  of  sexual  function.     In  the 
later  stages  the  pituitary  is  exhausted  or  destroyed. 

The  chief  value  of  the  work  seems  to  be  that  it  offers  indications  that 
pituitary  therapy  may  be  successful.  Goetsch  points  to  the  fact  that  pituitary 
feeding  in  loss  of  sexual  activity  due  to  hypophysis  disease  has  resulted  in  a  re- 
turn, partial  or  complete,  of  those  activities. °  He  also  suggests  supplementary 
feeding  after  surgical  operations  upon  the  pituitary,  and  also  in  conditions  char- 
acterized by  genital  aplasia,  adiposity,  and  under-development,  pituitary  feeding 
may  be  valuable,  with  extracts  of  other  glands  when  necessar}^  Also  it  is  pos- 
sible to  treat  certain  conditions  of  sexual  overactivity  with  posterior  lobe  extracts, 
or,  in  males,  with  corpus  luteum  extracts. 
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Splenectomy 

IX  a  recent  number  of  this  Journal/  attention  was  called  to  the  relation  between 
the  liver  and  spleen,  and  to  the  function  of  the  spleen.  In  the  remarks  made 
at  that  time  it  was  stated  that  "heretofore  splenectomy  has  been  an  experiment. 
It  has  been  done  as  a  last  resort.  But  if  in  certain  anemic  conditions  it  can 
be  shown  that  abnormal  hemolysis  is  fundamental,  and  that  the  anemia  is  due 
to  it  rather  than  to  a  lack  of  production  of  blood  cells  or  pigment,  then  it  will 
be  logical  and  not  merely  empirical  to  remove  the  organ  wJiich  furnishes  the 
normal  augmenter  of  hemolysis."'  At  the  same  time  it  may  be  that  experimental 
removal  of  the  spleen  may  show  whether  or  not  the  spleen  is  overfunctioning  in 
producing  the  augmenting  substance  which  activates,  so  to  speak,  the  normal 
hemolytic  substances  of  the  liver. 

In  a  recent  article,  W.  J.  Mayo-  recounts  the  results  he  has  had  with  splen- 
ectomy. He  divides  the  cases  into  four  groups ;  those  in  which  the  spleen  is  the 
seat  of  a  primary  tumor;  those  in  which  the  spleen  is  the  seat  of  an  infectious 
process;  those  in  which  it  shows  enlargement  associated  with  disease  of  the  liver; 
and  those  which  are  associated  with  the  so-called  blood  diseases.  The  first  group 
he  leaves  out  of  account. 

Among  cases  belonging  to  the  second  group,  he  places  one  of,  apparently, 
primary  tuberculosis.  Temporary  improvement  was  followed  by  death  after  sev- 
eral months  from  general  miliary  tuberculosis.  Also  belonging  in  this  group, 
were  two  ca.ses  of  chronic  syphilis  with  splenomegaly  and  anemia.  After  re- 
moval of  the  spleen  there  was  a  "marvelous"  improvement  of  the  anemia.  In 
other  conditions  such  as  chronic  recurrent  sepsis,  the  spleen  has  been  reuK  ved 
in  seven  instances.  The  outcome  is  not  stated.  The  context  indicates  that  it 
was  not  good. 

The  results  in  the  third  group  have  been  not  much  better.     In  one  case  of 
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Hanot's  cirrhosis,  splenectomy  gave  undoubted  benefit.  In  four  instances  of 
portal  cirrhosis,  splenectomy  has  been  performed  with  excellent  temporary  re- 
sults—disappearance of  the  ascites  and  anemia.  If,  as  is  suggested,  the  noxa? 
which  cause  cirrhosis  come  from  the  intestinal  tract  then  there  seems  to  be  no 
good  reason  for  making  the  experiment,  unless  the  experiment  is  justified  by  a 
purely  temporary  relief.  We  believe  such  an  experiment  is  justified,  but  are 
unable  from  the  data  to  expect  a  cure. 

In  the  last  group  the  results  of  splenectomy  are  truly  brilliant.  In  splenic 
anemia,  Banti's  disease,  and  Gaucher's  disease,  cases  were  definitely  improved,  and, 
if  operated  upon  early  in  the  disease,  may  be  cured.  Most  interesting  perhaps 
in  this  group  is  hemolytic  jaundice.  In  this  group  splenectomy  has  been  done  in 
nine  cases  with  striking  results.  "W  itliin  twenty-four  hours  the  jaundice  begins 
to  disappear  and  in  a  few  days  the  patients,  perhaps  for  the  first  time,  have  clear 
complexions;  the  anemia  is  rapidly  overcome  and  they  remain  well."  In  per- 
nicious anemia  also,  after  an  experience  with  19  patients,  the  results  seemed 
promising  in  selected  and  early  cases. 

These  surgical  experiences  bear  out  the  conclusions  which  are  drawn  from 
experimental  work.  The  brilliant  results  appear  in  cases  in  which  hemolysis  is 
the  salient  feature,  and  in  such  cases  it  is  the  removal  of  the  source  of  hemolysis 
augmenting  substance  which  is  productive  of  good.  The  results  must  also  al- 
ways be  good  in  cases  of  primary  diseases  of  the  spleen  which  tend  to  spread 
therefrom,  or  which  will  tend  to  render  the  organ  useless.  It  is  possible  that  in 
some  cases  of  pernicious  anemia,  part  of  the  fault  lies  in  splenic  overactivity; 
in  such  cases  splenectomy  should  be  valuable.  In  other  cases,  those  of  purely 
myeloid  origin,  it  would  seem  to  be  useless  to  remove  this  organ.  In  any  case 
of  anemia,  a  temporary  improvement  might  be  expected,  if  it  be  true  that  the 
spleen  has  a  part  to  play  in  normal  blood  destruction. 
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THE  SIMPLE  INTERPRETATION  OF  POLYGRAPHIC  TRACINGS* 


By  Edward  Perkins  Carter,  M.D.,  Cleveland,  Ohio. 


IT  is  to  Mackenzie^  that  we  are  indebted  for  having  appHed  the  fundamental 
principles  of  the  physiolog}^  of  the  circulation  to  the  study  of  clinical  cases, 
and  for  having  devised,  amidst  the  exigencies  of  an  absorbing  practice,  the  most 
satisfactory  means  for  simultaneously  recording  the  venous  and  arterial  tracings. 
The  soundness  of  the  graphic  records  in  their  application  to  cardiac  path- 
ology has  been  abundantly  confirmed  by  animal  experimentation  and  by  the 
electro-cardiograph  as  originally  developed  by  Einthoven  and  so  brilliantly  ap- 
plied by  Lewis. 

FUNDAMENTAL  PRINCIPLES. 

The  basis  of  the  analysis  of  all  polygraphic  curves  depends  upon  the  ti)iic 
relationship  between  the  events  recorded  in  the  venous  and  arterial  tracings. 
Their  accuracy,  to  within  an  utterly  negligible  factor  of  error,  lies  not  in  any  given 
form  or  contour  of  the  various  waves  upon  the  tracing,  but  solely  upon  the  orderly 
or  disorderly  sequence  of  events  as  shown  by  an  exact  analysis  by  measurement 
from  fixed  points. 

The  venous  pulse  in  the  jugular  vein  is  due  entirely  to  changes  in  pressure 
occurring  within  the  right  auricle,  and  in  order  to  interpret  correctly  our  venous 
tracings  one  must  have  a  clear  understanding  of  the  variations  in  pressure  oc- 
curring within  the  auricle  during  the  cardiac  cycle. 

As  a  result  of  experimental  work  with  animals  we  know  that  graphic  records 
obtained  by  sounds  introduced  through  the  veins  into  the  right  auricle  always 
show  first  a  wave  directed  upward,  due  to  ati  increase  in  pressure  within  the 
auricle  during  auricular  systole — the  first  positive  wave.  This  wave  ends  shortly 
before  the  onset  of  ventricular  systole  and  is  followed  by  a  slight  drop  in  the  trac- 
ing called  the  first  negative  wave.     This  depression  is  immediately  followed  by 
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a  second  wave  in  an  upward  direction  coincident  with  the  onset  of  ventricular 
systole — the  second  positive  wave,  which  in  turn  is  followed  by  a  conspicuous 
fall  in  the  tracing — the  second  negative  wave.  Following  this  second  fall  there 
occurs  a  third  wave  in  an  upward  direction,  the  sharp  onset  of  which  appears  at 
a  variable  time  after  the  second  negative  wave,  the  termination  of  this  wave, 
however,  occurs  at  a  constant  time  interval  after  the  second  positive  wave,  its 
apex  coinciding  with  the  opening  of  the  auriculo-ventricular  valves  which  takes 
place  but  a  fraction  of  a  second  after  the  closure  of  the  aortic  valves.  This  third 
wave  in  an  upward  direction  is  called  the  third  positive  wave. 

Lewis-  states  that  "its  dependence  upon  a  ventricular  rather  than  upon  an 
auricular  event  has  been  clearly  established  experimentally  and  clinically."  *  *  * 
"That  the  rise  of  pressure  in  the  auricle  due  to  ventricular  systole  is  a  factor  of 
great  importance."  *  *  *  "That  it  has  been  associated  also  with  the  sudden  re- 
lease of  the  base  of  the  ventricle  at  the  commencement  of  ventricular  diastole." 
*  *  *  "It  is  probable  that  both  factors  play  a  part  in  the  production  of  the  wave 
under  certain  circumstances." 

The  fact,  however,  that  its  production  is  essentially  due  to  the  rise  in  venous 
pressure  in  the  right  auricle  as  this  chamber  fills  during  diastole,  the  end  of  its 
rise  terminating  abruptly  with  the  opening  of  the  auriculo-ventricular  valves, 
makes  it  difficult  to  interpret  this  wave  as  positive  in  the  sense  of  that  term  as 
applied  to  the  first  two  positive  waves. 

Following  this  third  wave  in  an  upward  direction  there  succeeds  the  third 
negative  wave  coincident  with  ventricular  diastole. 

METHOD   OF   PROCEDURE. 

To  obtain  satisfactory  venous  tracings  from  clinical  cases  the  jugular  tam- 
bour of  the  Mackenzie  ink  polygraph,  or  a  small  thistle  funnel  in  its  stead,  should 
be  placed  over  the  jugular  bulb,  on  the  right  side  of  the  neck,  at  a  point  a  little 
above  and  about  an  inch  to  the  '-.ight  of  the  sterno-clavicular  joint.  When  pos- 
sible the  patient  is  placed  in  a  horizontal  position,  the  head  being  slightly  elevated 
and  the  muscles  of  the  neck  relaxed,  ^^'hen  it  is  not  possible  to  place  the  indi- 
vidual flat  one  must  adapt  his  procedure  to  the  exigencies  of  the  case.  We  may 
place  the  tambour  at  a  higher  level,  or  may  often  succeed  in  getting  satisfactory 
tracings  from  the  left  side  when  only  failure  results  from  adopting  the  customary 
right  side.  The  radial  tambour  should  be  connected  to  that  pen  or  writing  lever 
nearest  the  patient. 

In  a  normal  jugular  tracing  a  regularly  recurring  series  of  waves  is  recorded 
grouped  together  in  sequences  of  three  more  or  less  conspicuous  summits  with 
a  fall  in  the  tracing  between  them,  a  slightly  longer  pause  occurring  between  the 
third  wave  of  each  group  and  the  first  wave  of  the  following  group.  (See  Fig. 
2,A.)^  These  three  waves  have  been  named  "a,"  "c"  and  "v,"  these  letters  in- 
dicating the  origin  of  the  waves. 

"a"  The  first  positive  wave, 

"x"  The  first  negative  wave, 

"c"  The  second  positive  wave, 

"x"  The  second  negative  wave, 

"v''  The  third  positive  wave, 

y"  The  third  negative  wave. 
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The  "a"  wave  is  due  to  auricular  systole.  Under  certain  conditions,  referred 
to  below,  the  "a"  wave  may  be  absent  from  the  venous  tracing. 

The  "a"  wave  and  the  following  depression,  measured  from  the  onset  of 
"a"  to  the  onset  of  the  "c"  wave  have  a  duration  of  from  .1  to  .2  seconds.  This 
constitutes  the  so-called  '"a-c"  interval,  and  represents  the  time  which  elapses 
between  the  onset  of  auricular  and  ventricular  systole. 

Whatever  may  be  the  exact  production  of  the  "c"  wave  its  dependence  upon 
ventricular  systole  has  been  established,  and  the  occurrence  of  the  "c"  wave  in 
the  venous  tracing  synchronous  with  the  appearance  of  the  carotid  pulse  in  the 
neck  makes  it  the  most  important  wave  in  our  analysis  and  gives  us  a  fixed  stand- 
ard upon  which  the  correct  interpretation  of  all  tracings  depends.  Any  increase 
in  the  "a-c"  interval  over  .2  seconds  is  regarded  as  pathological,  constituting,  de- 
layed conduction,  or  a  slight  degree  of  heart-block. 

The  onset  of  the  "v"  wave  varies  under  different  conditions,  its  termina- 
tion however  corresponds  exactly  with  the  opening  of  the  tricuspid  valves  and 
occurs  at  an  interval  of  approximately  .4  seconds  after  the  onset  of  the  "c"  wave. 
It  not  infrequently  happens  that  the  "v"  wave  is  split,  a  fact  considered  by  Lewis 
as  affording  evidence  of  the  double  factors  in  its  production. 

It  is  upon  the  recognition  and  time  relationship  of  these  three  waves  as  de- 
termined by  comparative  measurements  upon  the  arterial  tracing  that  the  ac- 
curacy of  an  analysis  of  the  venous  curve  depends. 

THE  ARTERIAL  SPHYGMOGR.\M. 

In  any  analysis  of  an  irregularity  of  the  heart  we  must  determine  whether 
or  not  there  is  present  a  dominant  rhythm.  By  this  term  is  meant  that  funda- 
mental physiological  rhythm  which  arising  at  the  sino-auricular  node  controls 
the  heart  beat.  Under  normal  conditions  this  dominant  rhythm  originates  the 
cardiac  response  at  a  uniform  rate  of  72-76  to  the  minute.  It  should  be  re- 
called, however,  that  the  normal  impulse  arising  at  the  sino-auricular  node  is 
subject  to  wide  variations  in  rate,  ranging  from  32  to  100  or  above  a  minute. 

This  dominant  rhythm  may  be  modified  in  various  ways,  as  follows : 

1.  Physiological  variations  caused  by  an  increase  in  the  rate  of  stimulus 
production  at  the  pacemaker. 

a.  These  are  met  with  essentially  as  an  increase  in  rate  due  to  stimulation 
of  the  sympathetic,  or  to  factors  interfering  with  vagus  inhibition. 

b.  Slowing  of  the  normal  rate  from  vagus  stimulation  or  irritation. 

c.  Certain  so-called  phasic  variations  attributed  to  the  action  of  the  vagus  ; 
seen  conspicuously  in  children  as  changes  in  rate  with  in-  and  ex-piration. 

2,  Pathological  variations  caused  by, 

a.  Abnormal  impulses  arising  elsewhere  than  at  the  sino-auricular  node, 
called  ectopic. 

b.  By  interference  with,  or  complete  interruption  of  the  passage  of  the  nor- 
mal impulse  from  auricle  to  ventricle. 

We  establish  the  presence  of  a  dominant  rhythm  by  the  regularlv  recurring 
incidence  of  beats  at  points  which  are  equal  distances  apart,  or  by  demonstrating 
that  the  apparently  irregular  longer  spaces  appearing  in  a  tracing  are  but  simple 
multiples  of  the  shorter  beats  which  represent  the  dominant  rhythm.  This  is 
spoken  of  as  the  "spacing"  of  the  arterial  curve.    \\'hcn  there  is  no  evidence  of 
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a  dominant  rhythm  present  in  a  tracing,  when  that  is  the  beats  are  all  of  vary- 
ing lengths  without  any  periodic  slowing  or  quickening  of  the  pulse  rate,  when 
no  two  phases  of  irregularity  are  identical  in  duration  and  it  cannot  be  proven 
that  the  long  intervals  are  simple  multiples  of  the  short  beats,  then  the  pulse  is 
said  to  be  totally  irregular. 

THK  ANALYSIS  OF  THE  vexoUS  CURVE. 

We  determine  first  that  wave  in  the  jugular  tracing  occurring  synchronously 
with  the  carotid  pulse.  We  know  that  the  radial  wave  at  the  wrist  occurs  .1  of 
a  second  after  the  carotid  wave  in  the  neck,  and  this  fact  gives  us  the  means  by 
which  we  can  determine  the  "c"  wave  in  the  venous  tracing. 

With  the  iugular  and  radial  tambours  in  place  run  ofif  a  short  strip  of  venous 
tracing,  then  without  moving  the  jugular  tambour,  stop  the  polygraph  making 
an  ordinate  upon  the  paper  by  moving  the  pens  quickly  from  side  to  side — these 
ordinates  are  called  index  marks;  now  without  having  shifted  the  position  of  the 
jugular  tambour  apply  firmer  pressure  and  secure  a  short  strip  of  carotid  tracing, 
making  similar  index  marks  upon  stopping  the  instrument.  We  now  have  two 
tracings,  venous  and  carotid  together  with  the  radial,  upon  which  we  can  deter- 
mine accurately  by  measurement  the  time  relationship  of  the  events  occurring  in 


Fig.    1.1 — To  illustrate  the  method   of  deter'.Viining  the   "c"   wave   in   the  jugular  tracing.      Both  jugular   and 
carotid   tracing   taken   without    moving   the   jugular   tambour. 

the  jugular  and  carotid  tracing  to  the  up-stroke  of  the  corresponding  radial.  All 
measurements  being  made  from  the  index  marks  at  the  right  on  to  the  tracing  at 
the  left. 

We  establish  first  the  carotid  up-stroke  C  corresponding  to  a  given  radial 
wave  at  the  right  of  the  tracing;  we  then  measure  off  an  equivalent  number  of 
beats  on  the  radial  tracing  on  the  venous  side  at  the  left,  we  may  call  this  dis- 
tance R-R'. 

If  we  now  transfer  this  measurement  R-R'  to  the  upper  tracing  placing  the 
point  corresponding  to  R'  at  C,  a  vertical  line  from  R  will  fall  upon  a  wave  in 
the  jugular  tracing  which  bears  the  same  relationship  to  the  up-stroke  of  its 
corresponding  radial  wave  R  as  does  C  to  R',  this  wave  therefore  is  the  "c"  wave 
and  we  may  mark  it  as  such.  This  procedure  can  be  applied  only  when  the 
polygraph  is  running  at  the  same  rate  in  both  venous  and  carotid  tracings,  and 
we  must  be  sure  that  the  instrument  when  started  after  being  stopped  has  de- 
veloped the  top  speed  at  which  it  is  set.  The  time  marker  in  all  tracings  records 
fifths   (1/5)   of  a  second. 

In  routine  work  this  method  of  procedure  is  unnecessary.    We  simply  meas- 
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ure  the  distance  from  the  index  mark  at  the  right  to  the  up-stroke  of  any  given 
radial  wave.  Transfer  this  measurement  to  the  time-marker  tracing,  lengthen 
it  by  one-half  of  the  distance  betvreen  any  two  points,  i.e.,  by  one-tenth  (1/10)  of 
a  second,  then  transferring  this  measurement  to  the  jugular  tracing  place  one 
end  upon  the  index  mark  and  the  other  will  fall  upon  the  up-stroke  of  the  "c" 
wave.     In  this  way  determine  three  or  more  "c"  waves. 

THE  FIXATIOX  OF  THE  "a"  WAVE. 

We  next  determine  the  '"a"  wave  by  locating  that  wave  which  recurs  at  a 
constant  interval  immediately  before  "c."'  In  the  normal  jugular  curve  the  "a" 
wave  is  found  at  a  period  slightly  less  or  just  equal  to  the  distance  between  any 
two  points  on  the  time  marker,  i.e.,  at  a  point  slightly  under  or  exactly  equiva- 
lent to  one-fifth  (1/5)  of  a  second  before  the  onset  of  "c."  In  a  given  tracing 
in  which  the  "a"  waves  recur  with  normal  regularity  in  their  time  relationship 
to  "c"  they  will  be  seen  to  have  essentially  the  same  form  from  one  cardiac  cycle 
to  the  next,  in  some  instances  altered  slightly  with  recurring  regularitv  by  the 
respiratory  rhythm. 

It  is  important  to  note  the  contour  of  the  "a"  waves  in  any  given  instance, 
for  under  some  conditions  it  is  by  the  comparison  of  such  regularly  recurring 
waves  which  space  exactly  that  we  are  able  to  assign  the  origin  of  the  wave  in 
question  to  auricular  systole.  This  is  of  the  utmost  importance  in  those  in- 
stances in  which  there  are  additional  "a"  waves  present  having  no  relation  lo  any 
corresponding  "c"  wave. 

While  this  statement  holds  true  for  any  large  number  of  observations,  there 
are,  of  course,  many  occasions  when  the  "a"  wave  coinciding  with  a  "c"  r,r  a  "\" 
wave  is  greatly  obscured  and  its  location  in  the  tracing  must  be  determined  by 
careful  spacing  from  the  established  "a"  waves  present. 

THE  FIXATION   OF  THE  "v"   WAVE. 

In  the  normal  jugular  tracing  the  "v"  wave  usually  appears  as  a  conspicuous 
peak  at  a  constant  interval  after  "c."  For  this  reason  it  is  an  important  land- 
mark in  the  jugular  curve  and  by  virtue  of  its  time  relation  to  the  preceding  "c" 
is  of  great  value  in  the  analysis  of  all  tracings. 

As  stated  above  the  onset  of  the  "v"  wave  is  varial)le.  its  apex  on  the  other 
hand  coincides  with  the  opening  of  the  tricuspid  valves  and  will  be  found  to  oc- 
cur at  approximately  .3  of  a  second  after  the  apex  of  "c."  Having  determined 
the  "c"  wave  it  is  usually  not  difficult  to  fix  the  apex  of  the  succeeding  "v"  wave 
in  its  relation  to  the  preceding  "c"  and  to  the  dicrotic  notch  in  the  radial.  \\  hen 
the  "v"  wave  is  split  appearing  as  two  small  waves  or  as  a  single  wave  with  a 
bifurcated  peak  one  must  proceed  cautiously  eliminating  any  possibility  of  con- 
fusion from  a  supernumerary  "a"'  wave,  and  must  further  show  that  the  "c" 
wave  and  the  split  wave  immediately  following  fall  within  the  sphygmic  period 
of  the  arterial  tracing.  The  sphygmic  period  is  the  period  of  ventricular  systole. 
If  we  measure  the  distance  in  the  venous  tracing  from  the  onset  of  the  "c"  wave 
to  the  beginning  of  the  drop  in  "v"'  (lines  3  to  5,  Fig.  2, A)  and  transfer  this 
measurement  to  the  radial  tracing,  making  an  allowance  of  one-tenth  (1  10)  of 
a  second  for  the  difference  in  time  between  the  carotid  and  the  radial,  we  shall 
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find  that  our  measurement  will  fall  one-tenth  of  a  second  before  the  up-stroke 
of  the  radial  and  at  the  base  of  the  dicrotic  notch. 

It  often  happens  that  the  "v"  wave  does  not  appear  as  a  conspicuous  peak, 
being  frequently  masked  by  the  succeeding  "a"  wave.  Any  increase  in  the  speed 
of  the  heart  is  accomplished  at  a  sacrifice  of  the  diastolic  period,  hence  not  in- 
frequently when  the  heart's  rate  is  enhanced  "v"  and  "a"  may  be  fused. 

THE  ve;ntricular  venous  pulse. 

Under  certain  conditions  no  "a"  waves  can  be  found  in  the  jugular  tracing 
while  the  heart's  action  may  be  regular  or  irregular.  This  type  of  venous  curve 
has  been  called  the  ventricular  form  of  venous  pulse.  \\'hen  the  pulse  is  regu- 
lar the  absence  of  "a"  waves  from  the  venous  curve  may  be  due  to : 

1.  Overfilling  and  distension  of  the  right  auricle,  following  greatly  in- 
creased pressure  on  the  right  side  of  the  heart. 

2.  When  the  cardiac  rate  is  increased  and  the  "a"  wave  falls  back  upon  the 
preceding  "v." 

3.  Rarely  in  the  presence  of  a  slow  pulse  rate  (36-42)  due  to  the  existence 
of  complete  articulo-ventricular  dissociation  (complete  heart-block)  associated 
with  auricular  fibrillation. 

When  the  pulse  is  irregular  the  absence  of  "a"'  waves  from  the  venous  trac- 
ing signifies  auricular  fibrillation. 

This  form  of  venous  pulse  is  most  commonly  seen  as  a  result  of  the  latter 
condition.  In  addition  to  the  absence  of  all  "a"  waves  it  is  further  characterized 
by  the  fact  that  all  the  conspicuous  waves  in  the  tracing  lie  within  the  sphygmic 
period.  The  general  shape  of  the  weaves  in  the  ventricular  venous  pulse  tracing 
may  vary  widely  from  case  to  case,  but  no  matter  how  great  this  variation  in 
form  the  conspicuous  summits  wall  be  found  to  occur  during  systole.  The  so- 
called  plateau  type  is  perhaps  the  commonest  form  met  with.     (See  Fig.  13.B.) 

OTHER  WAVES  OCCURRING  UPON  THE  VENOUS  CURVE. 

Under  certain  conditions  additional  waves  are  met  with  in  the  jugular  trac- 
ing. These  extra  jugular  waves  wnll  be  found  during  the  long  diastolic  pauses 
when  the  heart's  rate  is  slow.  The  origin  of  these  may  be  attributed  to  three 
sources : 

1.  The  second  onflow  wave  appearing  as  a  gradual  rise  in  the  venous  curve 
during  diastole.  Due  to  distension  of  the  veins  when  the  heart  is  already  filled, 
or  to  the  gradual  increase  in  pressure  in  the  veins  and  heart  during  the  venous 
filling. 

2.  A  small  wave  appearing  in  mid  diastole  having  a  definite  time  relation- 
ship to  the  preceding  "v,"  seen  conspicuously  with  a  very  slow  heart  rate.  This 
is  called  the  "G"  or  the  "H"  wave,  having  been  described  independently  by  Gib- 
son'' and  Hirschfelder*  and  attributed  by  these  observers  to  "the  snapping  to- 
gether of  the  auriculo-ventricular  cusps  at  the  end  of  ventricular  filling." 

3.  In  certain  instances  of  auricular  fibrillation  when  the  heart's  rate  is  slow 
irregular  undulations  due  to  the  rapid  and  imperfect  partial  contractions  of  the 
auricle  may  be  seen.     These  are  called  fibrillation  or  "f"  waves. 
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h'lg.  2. — A.     Normal  jugular  tracing.     3  to  5  sphygmic  period.     At  6   the   tricuspid  valves  open,   "a,"   "c," 
"v"  and  "x,"  "x"'  and  "y"  the  positive  and  negative  waves. 
H.      Sinus   arrhythmia. 
C     Sinus  bradycardia.     Pulse  rate  52  to  the  minute. 
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SUMMATION    OF    WAVES. 

Whenever  any  two  waves  in  the  jugular  curve  coincide  it  is  spoken  of  as  a 
"summation. '■  Not  infrequently  we  see  this  summation  of  waves  when  the  heart's 
action  is  perfectly  regular  though  the  rate  is  increased.  In  the  sense  of  the  term 
however  in  which  it  is  commonly  used  it  is  applicable  essentially  to  those  in- 
stances of  summation  resulting  from  some  disturbance  of  the  normal  mechanism. 

We  may  find  an  "a"  wave  superimposed  upon  a  "c"  or  upon  a  "v"  wave; 
or  a  "c"  wave  upon  "v"  or  "a."  When  this  summation  occurs  the  combination 
of  "a"  and  "c"  is  usually  more  conspicuous  than  is  that  of  "a"  and  "v"  or 
"c"  and  '"v."    There  are  of  course  exceptions  to  this  statement. 

THE  SIGNIFICANCE  OF  DELAVEU  CONDUCTION. 

It  is  utterly  unessential  to  the  purpose  in  view  to  discuss  in  any  detail  our 
knowledge  of  the  origin  of  the  contraction  impulse  and  its  spread  from  auricle 
to  ventricle. 

We  know  that  in  the  presence  of  a  delay  in  the  conduction  time  there  oc- 


■.V. 


i'ig-   3. — A.     Diagram   illustrating   the   normal   mechanism, 
li.     Diagram  illustrating  a  sinus  arrhythmia. 

tn    this    and    in    all    similar    diagrams    the    upper    squares    represent    auricular    systole,    the    lower 
rectangles  ventricular  systole  and  the  line  uniting  the  two  the  conduction  time,   or  a-c  interval. 

curs  a  change  in  the  time  relationship  of  the  events  taking  place  in  the  heart 
graphically  portrayed  in  the  jugular  curve  as  a  lengthening  of  slight  or  greater 
degree  in  the  "a-c"  interval.     This  constitutes  the  first  degree  of  heart-block. 

In  the  presence  of  the  failure  of  the  auriculo-ventricular  bundle  to  convey 
the  normal  impulse  from  the  pacemaker  we  find  an  isolated  "a"  wave,  or  with 
any  of  the  higher  degrees  of  heart-block  alternately  isolated  "a"  waves  while  in 
complete  heart-block  we  can  space  the  regularly  recurring  "a"  waves  and  show 
that  they  have  no  constant  time  relationship  to  the  "c"  waves. 

Depending  upon  the  extent  of  impairment  of  conduction  in  a  given  instance 
there  may  be  a  considerable  variation  in  the  "a-c"  interval  present  in  a  given  case. 
This  is  particularly  true  of  the  higher  degrees  of  heart-block  in  which  we  often 
find  a  rhythm  of  ventricular  response  varying  between  a  2:1,  3:1  and  4:1  ratio. 
In  the  simpler  states  in  which  there  is  present  an  occasional  failure  of  conduc- 
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ion,  spoken  of  as  a  dropped  beat  the  first  delay  in  the  "a-c"  interval  exceeds 
he  normal  conduction  time  by  a  slightly  longer  duration  than  the  second  pro- 
onged  interval — occurring  just  before  the  dropped  beat — exceeds  the  first.  Im- 
nediately  following  the  dropped  beat  the  conduction  time  is  again  shortened. 

Following  the  classification  of  Lewis^  Ave  may  consider  in  detail  the  simple 
nterpretation  of  the  common  arrhythmias  of  the  heart. 

If  in  Fig.  2, A  we  measure  the  distance  from  the  index  mark  "x"  on  the 
ight  to  the  up-stroke  of  the  radial  marked  "T'  add  one-tenth  of  a  second  to  this 
neasurement  and  transfer  it  to  the  jugular  tracing  placing  one  end  on  the  index 
nark  "x',"  the  other  end  will  fall  upon  the  up-stroke  of  ''c."  Repeating  this  for 
'2"  and  "3,"  we  then  proceed  to  fix  the  "a"'  and  the  "v"'  waves,  showing  that 
hey  space  equally  and  occur  at  a  constant  time  interval  in  relation  to  "c ;"  "a" 
•t  slightly  less  than  .2  sec.  before,  and  the  apex  of  "v"  at  .4  sec.  after  the  onset 
•f  "c."  The  fall  in  pressure  in  the  "v"'  wave  will  be  found  to  occur  at  approxi- 
nately  .3  sec.  after  the  fall  in  "c."  This  measurement  may  be  used  in  obscure 
urves. 

The  further  method  of  analysis  is  shown  beneath  the  tracing,  the  upper  row 
if  vertical  lines  representing  auricular,  the  lower  ventricular  systole,  the  line 
oining  the  tw^o  indicates  the  conduction  time  or  "a-c"  interval.  These  vertical 
ines  are  drawn  at  points  corresponding  to  the  onset  of  "a"  and  "c."  It  must 
)e  remembered  that  as  the  pens  write  in  an  arc  of  a  circle  all  measurements  must 
)e  made  from  the  index  mark  at  the  right  on  to  a  line  parallel  with  it  at  any 
[■iven  point  and  when  possible  at  the  same  level. 

The  three  negative  waves  are  marked  x.  x'  and  y.  The  period  E  between 
he  lines  3  to  5  corresponds  to  the  sphygmic  period.  The  measurements  in  the 
nalysis  beneath  the  tracing  represent  fifths  of  a  second  and  fractions  thereof, 
asily  obtained  from  the  time  marker  tracing.  The  diagram  below  illustrates  the 
onventional  method  used  to  jXDrtray  the  sequence  of  events  taking  place  in  the 
ardiac  cycle.  The  upper  small  squares  represent  auricular,  the  lower  rectangles 
entricular  systole.  The  line  uniting  the  two  by  its  acuteness  or  obtuseness  in- 
licates  the  normal  or  a  prolonged  conduction  time. 

SINUS   ARRHYTHMI.X. 

Whenever  as  in  Fig.  2,B  there  is  a  ])ronounccd  irregularity  of  the  radial 
racing  we  must  determine  whether  the  arrhythmia  is  due  to  disturbances  af- 
ecting  the  sinus  rate,  the  so-called  respiratory  and  phasic  arrhythmias  of  vagus 
)rigin,  or  to  definite  pathological  changes  in  the  orderly  sequence  of  events. 

Proceeding  with  our  analysis,  we  note  that  the  "a,"  "c"  and  "v"  waves 
>ccur  with  the  usual  time  relationship  to  each  other.  There  is  no  delay  in  con- 
kiction  time,  the  "a-c"  interval  measuring  less  than  15  sec.  There  are  no  extra 
'a"  waves  present  and  there  is  no  evidence  of  the  occurrence  of  premature 
)cats.  There  is,  however,  a  dififcrcnce  in  the  length  of  the  diastolic  pauses  due 
o  the  variation  in  rate  al  which  the  contraction  impulse  is  set  free. 

SINUS    BRAYCARDIA. 

In  the  presence  of  a  slow  and  regular  pulse  rate  as  in  Fig.  2,C  the  pos- 
libility  of  a  certain  degree  of  heart-block  must  be  kept  in  mind.  This  is  ex- 
cluded by  the  absence  of  any  disturbance  in  the  orderly  spacing  of  the  three  "a." 
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Fig.  4. — A.  Marked  sinus  bradycardia,  together  with  sinus  arrhythmia.  Pulse  rate  38  to  the 
minute.  No  delay  in  conduction  time.  Confirmed  by  electrocardiograph.  B.  Interpreted  as  sino-auricular 
block,  associated  with  sinus  slowing  and  arrhythmia.  Pulse  rate  58  to  the  minute.  Confirmed  by  electro- 
cardiograph. 


"c"  and  "v"  waves.  The  "a-c"  interval  measures  less  than  1/5  of  a  second.  There 
are  no  extra  "a"  waves  present.  Xote  the  conspicuous  rise  in  mid-diastole  that 
may  possibly  be  regarded  as  a  "g"  wave.  There  is  no  marked  arrhythmia.  We 
have  to  do  with  a  simple  smus  slowing. 

In  the  instance  illustrated  in  Fig.  4,A,  we  are  dealing  with  an  extreme  degree 
of  sinus  slowing  together  with  a  sinus  bradycardia.  The  "a-c"  interval  measures 
a  full  1/5  sec.  Confirmed  by  the  electrocardiograph.  Note  the  split  "v."  There 
is  no  disturbance  in  the  orderly  sequence  of  "a,"  "c"  and  '"v." 

SIXO-AURICULAR    BLOCK. 

Whenever  an  apparently  regular  pulse  is  interrupted  by  pauses  of  con- 
siderably greater  length  than  the  normal  interval  between  beats,  the  disturbance 
is  commonly  due  to  a  premature  beat  which  fails  to  carry  through  to  the  wrist 
or  to  the  failure  of  ventricular  response  giving  rise  to  a  dropped  beat.  The  long 
pauses  seen  in  the  tracing  in  Fig.  4,B  are  due  to  an  entirely  different  cause. 

This  tracing  confirmed  by  electrocardiographic  study  has  been  interpreted 
as  illustrating  a  true  so-called  sino-auricular  block.  There  are  no  additional 
"a"  waves  present  during  the  long  pause  in  the  jugular  curve  and  there  is  no  dis- 
turbance in  the  time  relationship  of  "a,"  "c"  and  "v."  The  dominant  rhythn 
m  this  bit  of  tracing  and  in  additional  long  records  spaces  at  5.1.  The  first  long 
pause  at  the  left  in  the  tracing  measures  10.7,  the  second  10.2  just  double  the 
time  of  two  beats  of  the  dominant  rhythm,  and  the  third  9.8.     The  average  dura- 
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Fig.   5. — A.  Premature  beats  ventricular  in  origin. 

J!.  Premature  heats  auricular  in  origin. 

C.  Multiple  premature  i)eats,  auricular  in  origin. 

U.  Premature   beats,    possibly    nodal   in    origin. 
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tion  of  the  long  pauses  in  many  additional  records  measured   10.2  exactly  twice 
the  time  of  the  dominant  rhythm. 

For  some  cause,  at  these  long  pauses,  the  formation  of  stimulus  production 
takes  twice  the  time  normal  for  this  individual. 

PREMATURE    BEAtS. 

When  the  normal  rhythm  is  disturbed  by  one  or  more  such  irregularities 
as  appear  in  Fig.  5, A  the  clue  to  the  cause  of  the  disturbance  is  at  once  sug- 
gested by  analysis  of  the  radial  tracing  alone  and  readily  confirmed  by  a  com- 
parative analysis  of  the  jugular  and  radial  curve. 

In  this  jugular  tracing  the  "a"  waves  will  be  found  to  space  regularly 
throughout.  The  "c"  waves  space  regularly  up  to  the  point  of  disturbance 
marked  x.  At  this  point  there  occurs  a  premature  contraction  arising  in  the 
ventricle  and  the  "c"  wave  corresponding^  to  the  accompanying  radial  coincides 
with  an  "a"  wave,  which  occurring  at  its  expected  time  finds  the  ventricle  in  a 
refractory  state.  Following  this  premature  contraction  there  is  a  pause  in  the 
radial  tracing  longer  than  the  time  of  one  normal  beat.  This  is  called  the  "com- 
pensatory pause." 

The  period  C  is  longer  than  D.  With  the  first  premature  beat  marked  x, 
the  period  of  disturbance — that  period  including  the  premature  beat  and  the 
normal  beat  immediately  preceding  it — is  slightly  greater  than  the  distance  be- 
tween two  normal  beats.  With  the  second  premature  beat  x'  the  period  of  dis- 
turbance B'  is  exactly  equal  to  A.  The  reason  for  this  compensatory  pause  is 
made  clear  in  the  accompanying  diagram  (Fig.  7.A).  The  premature  contrac- 
tion arises  in  the  ventricle.  The  next  ventricular  response  must  wait  for  the 
next  auricular  systole.  Note  the  absence  of  any  disturbance  of  auricular  rhythm, 
also  the  effect  of  the  summation  of  "a"  and  "c." 

When  the  premature  contraction  arising  in  the  ventricle  is  so  weak  that  it 
does  not  carry  through  to  the  radial,  we  have  a  pause  in  the  radial  curve  equal 
to  twice  the  time  between  two  normal  beats.  K  similar  pause  may  be  due  to 
other  causes.     (See  Figs.  4,B  and  11,B.) 

^^'hen  following  an  irregularity  in  the  normal  rhythm  the  period  of  dis- 
turbance measures  less  than  the  distance  between  two  normal  beats  and  the  com-] 
pensatory  pause  C  is  longer  than  one  normal  beat,  the  premature  contraction 
arises  in  the  auricle. 

In  Fig.  5,B  the  "a"  waves  space  up  to  the  time  of  the  disturbance.  At  this 
point  the  normal  rhythm  is  interrupted  by  a  premature  beat  marked  x.  We  find 
"c"'  m  relation  to  its  corresponding  radial  wave  r',  and  just  before  it.  with  the 
normal  time  relation,  the  "a"  wave  of  the  premature  auricular  contraction  marked 
"a"'  in  the  figure.  Following  this  premature  contraction  arising  in  the  auricle 
there  is  a  slight  disturbance  in  the  subsequent  auricular  rhythm  and  the  appear- 
ance of  the  next  "a"  wave  is  a  little  delayed.  Note  that  the  period  of  disturb- 
ance B  is  less  than  A.  while  the  compensatory  pause  C  is  longer  than  D. 

\\  hen  the  normal  rhythm  is  disturbed  by  multiple  premature  beats  as  in  Fig 
5.C,  and  the  compensatory  pauses,  or  "end"  pauses,  are  all  of  the  same  lengt? 
the  premature  contractions  are  of  auricular  origin,  excepting  only  that  rare  con- 
dition when  the  premature  contraction  may  originate  in  the  junctional  tissues. 

It  occasionally  happens,  as  in  Fig.  5,D,  that  it  is  extremelv  difficult  to  de- 
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ermine  by  the  polygraph  alone  whether  the  premature  contraction  arose  in  the 
uricle  or  in  the  junctional  tissue.  In  the  above  figure  "a-"  and  "a*^"'  marked  a' 
ccur  prematurely,  by  a  short  interval.  "C-"  and  "c^"  also  occur  prematurely 
nd  coincide  with  "a-"  and  "a°."  The  synchronous  onset  of  "a"  and  "c"'  pre- 
laturely  can  only  result  from  an  impulse  arising  in  the  junctional  tissue  at  the 
^-V  node.  The  above  tracing  may  possibly  be  regarded  as  illustrating  premature 
ontractions  nodal  in  origin. 

Whenever  an  irregularity  repeats  itself  and  the  measurement  of  one  cycle 
f  the  arrhythmia  can  be  superimposed  accurately  upon  a  similar  cycle  appear- 
ig  elsewhere  in  the  tracing,  the  irregularity  may  be  due  to:     (a)  premature  con- 
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Fig.   6. — A.     A   regular  irregularity   due   to   premature  beats   ventricular  in   origin. 
B.     An  irregularity  due  to  premature  beats  ventricular  in  origin. 


ractions  ventricular  or  auricular,  (b)  to  the  occasional  occurrence  of  dropped 
eats,  or  (c)  to  the  presence  of  a  high  degree  of  heart-block  with  a  wide  varia- 
ion  in  the  ventricular  response.  No  matter  how  irregular  such  a  tracing  mav 
ppear,  if  the  irregularity  repeats  itself,  or  the  radial  can  be  spaced  it  cannot  be 
uc  to  auricular  fibrillation. 

Fig.  6,A  illustrates  a  regular  pulse  alternating  lictwcen  a  rhythm  one-half 
he  normal  rate  and  a  trigeminal  pulse.  The  long  pauses  are  twice  the  length 
if  the  .short.  The  tracing  can  be  spaced.  It  is  due  to  premature  contractions 
rising  in  the  ventricle  too  weak  to  affect  the  radial. 

In  Fig.  6,P>  we  have  a  type  of  irregularity  frequently  confusing.  On  care- 
ul  measurement  there  is  a  wide  variation  in  the  length  of  the  individual  beats 
11  the  radial  cur\c.  and  yet  this  tracing  can  be  spaced.     The  period  from  A  to 
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B  equals  that  from  B  to  C.  The  distance  A-B  and  B-C  is  but  a  niuUiple  of  the 
shortest  interval  3.7.  In  spite  of  the  gross  irregularity  the  pulse  is  not  totally 
irregular.     It  is  due  to  premature  contractions  arising  in  the  ventricle. 

PAROXYSMAL  TACHYCARDIA. 

When  with  a  regular  pulse  the  rate  is  altered  abruptly,  the  change  may  be 
due  to  one  of  three  causes. 

If  the  change  in  rate  bears  a  definite  ratio  to  the  previous  rhythm  and  the 
pulse  rate  is  exactly  halved,  the  slow  rate  may  be  due  to  either  premature  ven- 
tricular contractions  which  do  not  reach  the  radial,  or  to  the  sudden  develop- 
ment of  a  2:1  heart  block.  When  there  is  no  exact  ratio  between  the  slow  and 
the  rapid  rate  the  change  is  due  to  the  sudden  onset,  or  offset,  of  a  paroxysmal 
tachycardia. 

Fig.  8,A  illustrates  two  short  attacks  of  paroxysmal  tachycardia.  After  a 
similar  preceding  paroxysm  there  was  a  return  to  the  normal  mechanism  for  one 
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Fig.   7. — A.     Diagram    illustrating    the    reason    for    the    disturbance    in    premature    ventricular    contractions. 
I^^ote  that  C  is  greater  than  D,  and  that  B  equals  A. 
15.     Illustrates   the    reason   for   the   disturbance   in   premature   auricular   contractions.      Note   that    C 
is   greater   than   D,   but   that   B    is   less   than   A.      The   split   rectangle   and   square    represent   a 
premature  contraction  in  this  and  all  similar  diagrams. 

beat.  At  x  another  paroxysm  onsets  abruptly,  the  first  beat  of  the  new  rhythm 
following  a  premature  auricular  contraction.  The  disturbance  lasts  for  seven 
beats,  there  is  a  return  to  the  dominant  rhythm  for  one  beat  which  in  turn  is 
again  followed  by  a  paroxysmal  cycle  lasting  for  seven  beats.  In  long  tracings 
from  this  case  the  attacks  varied  from  seven  to  twenty  beats.  Such  attacks  may 
last  from  a  few  minutes  to  hours  or  even  days.  In  the  analysis  of  the  jugular 
tracing  the  clue  to  "a,"  wdiich  after  the  first  premature  contraction  falls  with 
"v,"  is  found  in  the  initial  beat  of  the  new  rhythm.  Note  that  the  end  pauses 
are  equal  and  that  A  equals  B. 

H^ART-BIvOCK. 

When  we  can  show  in  the  jugular  tracing  that  the  "a-c"  interval  exceeds  one- 
fifth  of  a  second,  it  is  evidence  that  there  exists  a  delay  in  the  conduction  time 


The  Simple  Interpretation  of  Polygraphic   Tracings 


733 


'his  condition  is  called  the  first  stage  of  heart-block.  In  Fig.  9,A,  the  "a-c"  in- 
irval  measures  1.2  fifths,  exceeding  slightly  the  normal  of  .2  seconds.  This  trac- 
ig  also  shows  two  premature  auricular  contractions. 

When  there  is  an  occasional  failure  of  the  ventricle  to  respond  to  the  im- 
ulse  coming  from  the  auricle  it  is  called  the  second  stage  of  heart-block  or  the 
;age  of  dropped  beats.  Fig.  9,B  illustrates  the  occurrence  of  dropped  beats. 
[ote  the  prolongation  of  the  conduction  time  up  to  the  point  of  failure  of  the 
entricular  response.     Note  that  the  period  B  measures  less  than  A. 

In  complete  heart-block  the  analysis  of  the  tracing  is  carried  out  in  the 
sual  way.  Having  determined  "c"  we  may  proceed  to  fix  "v."  We  are  at  once 
;ruck  by  the  variation  in  the  general  outline  of  "v."    We  then  see  that  there  is 

0  wave  present  having  the  constant  time  relation  of  "a"  to  "c,"  but  find  a  series 
f  regularly  recurring  waves  falling  either  before,   with  or  after  "c"  and  "v" 

1  an  apparently  utterly  haphazard  relation  to  these  two  waves. 


\,         i   i  t  i.   4,         *- 


■& 


v.m^v/. 


Fig.   8. — A.     Paroxysmal  tachycardia. 

B.     Diagram  illustrating  the  nature   of  the  disturbance   in  paroxysmal   tachycardia. 

The  only  possible  source  of  a  regularly  recurring  wave  in  the  jugular  curve 
t  a  higher  rate  of  speed  than  "c"  is  auricular  systole;  if  therefore  these  peaks 
an  be  shown  to  space  accurately  they  are  "a"  waves.  Note  the  difference  in  the 
.immation  of  "a"  and  "c"  and  "a"  and  "v"  in  Fig.  9,C. 

AURICULAR  FLUTTER. 

Although  the  polygraphic  records  of  auricular  flutter  are  often  difficult 
)  interpret,  there  are  many  instances  in  which  the  analysis  is  so  simple  that 
lere  should  not  be  the  slightest  question  as  to  the  nature  of  the  disturbance, 
hilc  without  them  or  without  electrocardiographic  records  the  diagnosis  is  im- 
ossible. 

The  jugular  curve  falls  briefly  into  two  types:  one  made  up  of  a  sequence 
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l''ig.  9. — A.     Delayed  conduction  time.     A-C  interval  measures  more  than  .2  seconds.      First  stage  of   hear 
block. 
J'..     Dropped  beats.      Second  stage  of   heart-block. 

C.  Complete  A-V   dissociation.     Complete  heart-block.     Pulse   rate   38  to  the  minute. 

D.  Complete  heart-block.     Pulse   rate   32   to  the   minute. 
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if  rapid  more  or  less  uniform  waves,  the  other  appearing  as  paired  waves  with 
.  constant  time  interval  between  the  pairs.  The  pulse  may  be  regular  or  ir- 
egular.  Whenever  there  is  present  in  the  jugular  tracing  a  regularly  recurring 
equence  of  waves,  which  space  accurately  from  one  cycle  to  the  next,  occurring 
t  a  rate  higher  than  normal,  with  or  without  conspicuous  summation  auricular 
luttcr  should  be  suspected. 

In  Fig.  11, A,  a  tracing  from  a  young  individual  with  auricular  flutter,  the 
nterpretation  is  evident.  Note  the  conspicuous  summation  of  "a"  and  "c." 
^he  distance  A  when  transferred  to  any  part  of  the  jugular  curve  will  include 
ight  "a"  waves.  The  ratio  of  ventricular  response  in  this  case  was  almost  con- 
tantly  4:1. 

In  Fig.  11, B  the  analysis  is  more  difficult.  The  radial  tracing  shows  an  ir- 
egularity,  and  the  waves  in  the  jugular  curve  are  not  conspicuous,  though  on 
lose  inspection  a  slight  summation  of  "a"  and  "c"  and  "a"  and  "v"  can  be  made 
ut.     A  clue  to  the  correct  interpretation  in  this  tracing  is  found  in  the  regu- 


I    I    I    I 

Fig.    10. — A.      Diagram    illustrating    delayed    conduction    time    ani    a    single    dropped    beat. 
B.      Diagram    illustrating   complete   A-V    dissociation. 

ir  irregularity  of  the  radial,  the  long  intervals  are  exactly  twice  the  length  of 
le  short.  (See  above  for  other  causes  of  similar  long  pauses.)  This  fact  to- 
ethcr  with  the  analysis  of  the  jugular  curve  makes  the  interpretation  simj)le. 
^  given  measurement  on  the  radial  tracing  if  transferred  to  any  part  of  the 
Ligular  curve  will  include  the  same  number  of  waves — auricular  systole.  In  this 
racing  the  period  A,  three  long  pauses,  equals  the  period  B,  two  long  and  two 
bort  pauses,  and  includes  twelve  "a"  waves  or  auricular  systoles. 

When  as  sometimes  happens  we  have  an  even  more  irregular  response  on 
iie  part  of  the  ventricle  we  proceed  in  the  same  way  to  space  the  curve.  In 
'ig.  11, C  (from  the  same  case)  at  the  left  of  the  tracing  the  ratio  of  ventricular 
espouse  varied  from  4:1,  3:1.  5:1.  Here  the  distance  A.  11  auricular  systoles, 
quals  tlie  distance  B,  also  11  auricular  systoles.  At  the  time  when  this  latter 
racing  was  taken  the  predominant  ratio  of  ventricular  response  was,  however, 
:1.  Note  the  summation  of  "a"  and  "c,"  and  "a"  and  "v."  and  the  constant 
inu-  relationship  nf  ilic  i)aired  waves,  also  that  every  third  "a"  wave  lies  buried 
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Fig.   11. — A.     Auricular  Flutter.     Auricular  rate   300,  ventricular   rate   75   to   the   minute. 

11.     Auricular  Flutter.     Auricular  rate   300,  ventricular  rate  varied  from   82    to   98  to  the   minute. 

C.  Auricular   Flutter.     Auricular   rate   300,   ventricular   rate    100  to   the  minute. 

D.  Tracing  from  the  same  individual  as  B  and  C. 
Return  to  the  normal  rhythm  following  digitalis. 
Pulse  rate  78  to  the  minute. 
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Detween  "v"  and  "c"  in  this  figure.  Fig.  11,D  is  from  the  same  case  after 
■estoration  of  the  normal  mechanism  following  digitalis.  This  case  was  con- 
irmed  by  the  electrocardiograph. 

AURICUIvAR   FIBRILLATION. 

In  auricular  fibrillation  the  jugular  curve  is  characterized  by  (a)  the  ab- 
;ence  of  all  "a"  waves;  (b)  the  conspicuous  summits  of  the  jugular  tracing  fall 
luring  the  sphygmic  period,  and  (c)  the  occasional  occurrence  of  "i"  waves, 
riie  radial  curve  is  characterized  by  (a)  no  evidence  of  a  dominant  rhvthm; 
'b)  the  length  of  the  individual  radial  beats  varies  from  one  cardiac  cycle  to 
he  next;  (c)  the  irregularity  does  not  repeat  itself;  (d)  the  long  pauses  are  not 
;imple  multiples  of  the  shortest  pause,  and  (e)  the  height  of  the  radial  wave  fre- 
luently  bears  no  relation  to  the  length  of  the  preceding  pause.  The  pulse  is  said 
o  be  totally  irregular. 

The  jugular  curve  constitutes  the  so-called  ventricular  form  of  venous  pulse, 
i^ig.   13,A  and  B  illustrate  typical  examples  of  the  tracings  seen  in  this  condi- 


T^ 


■■ig.    12. — A.     Diagram  illustrating  a  2:1    ratio  in  auricular  flutter. 

B.     Diagram    illustrating    alternating    ratios    of    ventricular    response    in    auricular    flutter. 

ion ;  the  latter  figure  showing  the  plateau  type  of  ventricular  venous  pulse.     The 
.nalysis  is  self-evident. 

PULSUS   ALTERNANS. 

A  true  alternating  pulse  is  one  in  which  there  is  present  a  normal  rhythm, 
he  radial  spaces  accurately  but  the  radial  waves  vary  in  height  from  one  cardiac 
ycle  to  the  next.     It  is  regarded  as  of  grave  clinical  significance. 

RULE  FOR  CALCULATING  THE  PULSE  RATE. 

To  calculate  the  cardiac  rate  from  a  given  tracing,  space  off  thirty  l-5ths 
>n  the  time  marker  tracing;  transfer  this  measurement  to  the  radial  curve  plac- 
ng  the  left  hand  end  at  the  up-strokc  of  any  radial  wave.  Beginning  with  this 
adial,  as  1,  count  the  number  of  beats,  and  fraction  of  a  single  beat,  included 
v'ithin  this  measurement  and  multijily  the  numl)cr  found  by  10. 
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I'ig.   13. — A.     Auricular  fibrillation.     Note  the  absence  of  all  "a"  waves  from  the  jugular   tracing,  the  total 
irregularity  of  the  radial   curve  and  also  that  "c"   and   "v"   fall  during  the  sphygmic  period. 
B.     Auricular   fibrillation.      Plateau   type    of   venous   pulse. 


tig.  14.  Uiagram  illustrating  the  nature  of  the  disturbance  in  auricular  fibrillation.  Upper  dotte 
space  represents  the  auricles  in  the  state  of  fibrillation.  The  ventricle  responds  at  varving  intervals  to  th 
haphazard   impulses   coming  from  the  auricle 
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C0NC1,USI0N. 

The  fundamental  principles  of  the  polygraphic  tracings  and  the  method 
f  procedure  in  their  analysis  have  been  described,  as  simply  as  possible.  Their 
alue  as  an  aid  to  the  proper  understanding  of  many  cardiac  conditions  has  been 
mphasized,  and  their  importance  in  the  correct  diagnosis  of  the  cardiac  arrhyth- 
lias  insisted  upon. 
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THE  DIAZO  AND  UROCHROMOGEN  REACTIOiNS  AS  PROGNOSTIC 
AIDS  IN  PULMONARY  TUBERCULOSIS* 


By  H.  J.  CoRPER,  M.D.,  and  F.  F.  Cai,i,ahan,  M.D.,  Chicago,  Ihh. 


IN  the  hope  of  verifying  or  disproving  the  general  conception  regarding  the 
prognostic  value  of  the  urochromogcn  reaction,  and  of  comparing  the  value 
of  Ehrlich's  Diazo  and  Weisz'  urochromogen  tests,  it  was  thought  desirable  tc 
study  these  reactions  in  the  urines  of  a  large  series  of  carefully  observed  tuber- 
culous patients.  The  diversity  of  opinions  reached  from  results  obtained  by  2 
large  number  of  observers  also  made  this  investigation  desirable. 

In  reviewing  the  literature  it  seems  hardly  necessar)^  to  consider  the  diazc  if 
reaction  of  Ehrlich,  since  its  value  as  a  prognostic  aid  is  so  well  established.    Tht' 
urochromogen   reaction   developed    from   a   study    made   by    W'eisz^    covering   it 
period  of  about  five  or  six  years,  which  led  him  to  the  conclusion  that  there  ar( 
two  urochromogens  or  precursors  of  the  yellow  urinan,-  pigment,  one  of  thesi 
urochromogen  a  which  can  be  oxidized  by  potassium  permanganate,  potassiun 
persulphate,   etc.,   into   urochrom,   the  other,   urochromogen  /?,   which   gives   th 
diazo  reaction  of  Ehrlich. 

Schnitzker-  who  studied  these  substances  from  a  chemical  standpoint  wa 
able  to  separate  and  dififerentiate,  although  not  quantitatively  urochromogen 
and  yS;  showing  definitely  that  they  were  distinct  chemical  substances.     Weisz 
in  a  further  contribution  states  that  the  presence  of  urochromogen  in  the  urin 
precedes  the  diazo  reaction  and  answ^ers  all  its  purposes.     He  gives  the  ultimat 
history  of  twenty-three  ;>atients  tested  in  this  way,  confirming  the  great  prog 
nostic  value  of  this  test.     The  earliest  American  observations  on  the  urochrc 
mogen  test,  as  far  as  we  could  find,  were  made  by  Heflebower*  who  studied  3 
cases  of  pulmonary  tuberculosis  and  concludes  that  the  urochromogen  test  is 
better  index  as  to  prognosis  than  the  diazo  reaction ;  also  that  the  intensity  c 
these  reactions  is  the  important  factor  in  the  prognosis.     Paranhos  and  Giolitc 
studied  the  reaction  in  50  healthy  patients  who  always  gave  negative  tests  an 
50  tuberculous  patients  which  were  all  positive  but  5 ;  three  of  the  latter  bein 
very  far  advanced.     The  reaction  was  not  dependent  upon  the  severity  of  tt 
disease.     In  50  cases  suffering  from  other  diseases   (syphilis,  nephritis,  etc.) 
positive  reaction  was  obtained  in  24.     Vitri*'  studied   150  cases  of  tuberculos 
and  found  the  reaction  slight  or  absent  in  extrapulmonary  lesions,  also  abse; 
in   incipient  pulmonary   cases   running   a   chronic   course.      He   also   found   tl 
diazo  reaction  to  be  less  sensitive  than  the  urochromogen  test.     He  conclud< 
that  a  negative  skin  tuberculin  reaction  with  a  positive  urochromogen  indicat 
extension  of  the  tuberculosis.     Tuliato'  found  the  urochromogen  test  positive  I." '' 
67  per  cent  of  all  fatal  cases  in  various  diseases ;  it  is  not  specific  for  any  01 
disease;  but  is  a  sign  of  the  gravity  of  the  condition  and  explains  it  as  due 
oxidation  of  albuminoid  substances  originating  in  the  decomposition  of  cells 
the  result  of  direct  or  indirect  action  of  pathogenic  organisms. 

*From    the   Laboratories    of   the   Municipal    Tuberculosis    Sanitarium    of   the    City    of    Chicago. 
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Weisz^  in  a  later  article  states  that  the  appearance  of  urochromogen  in  the 
urine  indicates  that  a  local  circumscribed  tuberculous  process  has  become  gen- 
eralized.   The  urochromogen  disappears  when  the  organism  gets  the  upper  hand, 
and  the  longer  the  reaction  has  existed  the  graver  the  prognosis.     Cummings^ 
as  a  result  of  the  examination  of   100  cases  concludes  that  the  urochromogen 
and  diazo  reactions  appear  in  the  urine  of  a  majority  of  the  patients  in  a  late 
stage  of  pulmonary  tuberculosis.     These  reactions  do  not  appear,  however,  until 
ong  after  a  correct  unfavorable  prognosis  is  possible  by  careful  clinical  exam- 
nations.     Gullbring^°  obtained  only  2  cases  out  of  168   (mostly  advanced  stage 
3f  tuberculosis)  in  which  the  diazo  reaction  was  positive  and  urochromogen  neg- 
ative, in  114  of  these  the  findings  were  parallel,  they  were  both  negative  in  88' 
md  positive  in  26.     In  all  the  others  (37  per  cent)  the  urochromogen  was  posi- 
ive  with  negative  diazo  and  these  showed,  besides  the  pulmonary  lesions  signs 
)f  amyloid  disease.     The  urochromogen  test  was  positive  in  90  per  cent  of  the 
imyloid  cases  while  the  diazo  in  only  20  per  cent. 

Metzger  and  Watson^^  examined   113   cases  of  tuberculosis   with  the   uro- 
hromogen  test  and  obtained  negative  results  in  5  incipient  cases,  32  per  cent 
)0sitive   in  28  moderately  advanced  cases  and  55  per  cent  positive  in  80  far 
dvanced  cases,  and  conclude  that  the  presence  of  the  urochromogen  reaction 
n  the  urine  is  of  unfavorable  prognostic  import  for  the  time  being.     Its  per- 
istent  presence  in  spite  of  proper  treatment  probably  means  a  hopeless  prog- 
losis.     Its  absence  is  generally,  although  not  invariably,  of  good  prognostic  im- 
ort  regardless  of  clinical  appearances.     A  prompt  and  continued  disappearance 
;  a  favorable  sign.     Burgess^-  in  a  recent  publication  reports  469  urochromogen 
sts  in   171   tuberculous  patients  and   1,030  tests  on  650  non-tuberculous  pa- 
rents   (suffering  from  other  diseases)    with  but  26  positive  tests  in  the  latter 
hich  proved  to  be  of  no  clinical  significance.     Fifty-five  of  the  171  tuberculous 
atients  gave  a  positive  test,  and  30  of  these  died  within  three  months.  6  within 
months  and  1  within  1  year ;  the  remainder  were  either  worse,  or  observations 
iscontinued.     He  concludes  that  the  urochromogen  test  is  of  no  value  in  deter- 
lining   the   prognosis   in   non-tuberculous   diseases ;    a   positive    reaction    in   ad- 
anced  tuberculosis  indicates  progress  of  the  disease  with  probable  termination 
I  3  to  6  months,  while  a  negative  test  is  of  no  value.     Shortly  following  there 
Dpeared   a   paper   by   Sinclair^'^   on   the   diazo   and   urochromogen   tests   in    146 
'"ises  of  pulmonary  tuberculosis.     Both  tests  were  negative  in  38  cases  of  which 
I  per  cent  improved,  18.4  per  cent  progressed  and   10.6  per  cent  died.     Both 
''sts  were  positive  in  7  cases,  all  of  which  died.     In  25  cases  the  diazo  reaction 
'^'  as  positive  with  negative  urochromogen  and  25.7  per  cent  of  these  improved, 
'').l  per  cent  progressed  and  48.2  per  cent  died.     Tn  78  cases  the  diazo  was  nega- 
te with  positive  urochromogen.  79.5  per  cent  of  these  improved.  15.4  per  cent 
^"■Qgressed  and  5.1  per  cent  died.     He  concludes  that  a  change  from  both  nega- 
^  /e  to  a  negative  diazo  and  positive  urochromogen  is  more  favorable  than  to  a 
"Ssitive  diazo  and  negative  un^chromogen.     r.oth  positives  generally  indicate  an 
''  rly  death.     A   change   from   a  positive   diazo   and   negative   urochromogen   is 
vorable  only  on  reversal  (that  is.  to  a  negative  diazo  and  positive  urochromogen"). 
the  urochromogen  does  not  appear  concomitantly  with  the  disappearance  of 
e  diazo  the  ])rognosis  is  bad. 


"42 


The  Journal  of  Laboratory  and  Clinical  Medicine 


In  order  to  observe  whether  there  is  any  relation  or  difference  between  the 
occurrence  of  the  diazo  and  urochromogcn  reactions  in  the  various  stages  of 
pulmonary  tuberculosis,  the  cases  (350  in  all)  were  studied  after  dividing  them 
according  to  the  National  Association  classification  into  incipient,  moderately  ad- 
vanced and  far  advanced.  To  show  further  whether  there  was  any  relation  be- 
tween these  reactions  and  tlie  progress  of  the  disease  the  examinations  were 
classified  depending  upon  whether  the  cases  improved  or  not,  giving  two  divi- 
sions as  improved  and  unimproved.  Since  the  study  was  to  cover  not  only  the 
prognostic  value  of  both  reactions  but  also  the  relation  between  the  reactions  and 
the  value  of  each  and  both,  it  was  necessar)'  to  note  wlien  the  reactions  were 
both  present,  individually  present,  or  absent,  and  the  changes  that  occurred  on 
subsequent  examinations,  ^^'ith  these  things  in  mind  the  cases  were  finally 
tabulated  into  the  form  shown  in  Table  I. 

As  a  result  of  the  classification  of  the  cases  and  reactions  as  shown  in 
Table  I  it  is  to  be  noted  that  of  the  '^2  incipient  cases  on  whom  197  examina- 
tions were  made,  not  one  diazo  reaction,  whereas  8  positixe  urochromogens  were 
obtained  on  initial  examination  ;  4  of  these  8  (2  of  which  were  single  examina- 
tions)   improved  and  became  negative,   while  2  were   unimproved   and   became 

Table  I. — Chan(;k   ok   Revctiov   ov   .Vdmissiov   axd   Sibseqikntlv.     Classified. 


I      »-t-r  + 


D4-r- 


D— r  + 


D U- 


Incipient 
cases,  total 
exams.  197 
on  82 
patients 


Initial  Examination. 


I       _       8  !  74 

'  2-sing!e  exams. !  25-single  exam 


Subsequent 

Examinations. 

Improved. 


D  +  U-l- 


D-hU— 


D— U+ 


D— U 


Subsequent 

Examinations, 

Unimproved. 


D-f-l  + 


D-hU- 


D-U-h 


ID— r 


44 


Moderately 
advanced 
cases,  total 
exams.  256 
on  112 
cases. 


Initial  E\amination. 


t  '  1  12  I  95 

1 4-single  exams.    1-single  exam. ;  6-singleexam?.  1 35-single  exarr 


Subsequent 

Examinations, 

Improved 


D-hr+ 


D+r 


2     1-with 
pleural  eflfusio 


D-U+ 


D— U— 


35 


Subsequent 
Examinations, 
Unimproved. 


D+U+ 


iD-(-U 


I         2     1-with 
I   pleural  effusic 


D-U+ 


D— U- 


15 


25  ,  5  13  I  1^^        ■• 

!  9-.single exams.  \  2-singlc  exams,  i  2-singleexams.   21-single  exarl  ^t 


Far  advanced 
cases,  total 
exams.  502 
on  150 
cases. 


Initial  Examination. 


Subsequent 

Examinations, 

Improved 


D-FU+ 


!  2 

!  l-with  eryEinel 


D+U- 


D-U-f 


2 


D— U 


22 


Subsequent 

Examinations, 

Unimpro\ed. 


D+U-F 


10 


D+U 


D-U+ 


D— U 


53 
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negative.  The  remaining  74  gave  negative  reactions  for  both  tests  on  initial  ex- 
amination, 18  of  these  improved,  of  which  14  had  only  initial  examinations  and 
4  gave  positive  urochromogen  tests  on  subsequent  examinations;  56  were  un- 
improved (11  of  these  were  only  single  examinations),  one  of  the  remaining 
45  gave  a  positive  urochromogen  on  subsequent  examination  and  44  remained 
negative. 

Of  112  moderately  advanced  cases  with  a  total  of  256  examinations  4  re- 
vealed both  urochromogen  and  diazo  positive,  and  one  case  gave  a  positive  uro- 
chromogen and  negative  diazo  (no  subsequent  examinations  being  made  on 
these  5  cases).  Twelve  cases  gave  a  negative  diazo  and  positive  urochromogen, 
6  of  which  were  only  initial  examinations,  and  6  cases  improved  and  became 
negative  on  all  subsequent  examinations.  Ninety-five  cases  were  negative  to  both 
reactions,  35  of  these  having  only  initial  examinations ;  40  cases  improved  of 
which  2  gave  a  positive  diazo  and  negative  urochromogen  (one  having  had  a 
pleural  effusion),  3  revealed  a  negative  diazo  and  positive  urochromogen,  and 
35  remained  negative  throughout.  Twenty  of  the  95  diazo  negative  urochromogen 
negative  initial  cases  were  unimproved,  2  giving  a  positive  diazo  and  negative 
urochromogen  (one  of  these  had  a  pleural  effusion),  3  cases  a  negative  diazo 
and  positive  urochromogen,  and  15  remained  negative  throughout. 

Of  156  far  advanced  cases  upon  which  a  total  of  502  examinations  were 
made,  25  gave  both  reactions  positive  upon  the  first  examination.  7  of  these  25 
improved  (9  only  had  initial  examinations)  one  of  which  became  positive  diazo 
and  negative  urochromogen  and  the  remaining  6  became  negative.  There  were 
9  unimproved  cases ;  5  remained  positive  diazo  and  positive  urochromogen,  one 
became  positive  diazo  and  negative  urochromogen,  and  3  became  negative  to  both 
reactions  on  subsequent  examinations.  Five  cases  gave  positive  diazo  and  nega- 
tive urochromogen  on  admission,  of  which  2  were  only  initial  examinations,  and 
the  remaining  3  were  unimproved — 1  of  these  remained  positive  diazo  and  nega- 
tive urochromogen  while  the  other  2  became  negative  to  both  tests.  Of  13  cases 
which  gave  negative  diazo  and  positive  urochromogen  on  admission,  2  were 
initial  examinations  only,  5  improved  and  became  negative  to  both  tests  and  6 
were  unimproved  of  which  1  became  positive  to  both  tests,  one  positive  diazo 
and  negative  urochromogen,  1  remained  the  same  and  3  became  negative  to  both 
tests.  Both  reactions  were  negative  on  initial  examination  in  113  cases  (21  of 
these  being  only  single  examinations),  26  improved — 2  of  which  became  posi- 
tive to  both  tests  (one  of  these  during  an  attack  of  erj^sipelas),  2  became  nega- 
tive diazo  and  positive  urochromogen  and  22  remained  negative  on  subsequent 
examinations.  Of  the  113  cases  66  were  unimproved,  10  of  which  became  posi- 
tive to  both  tests,  3  became  negative  diazo  and  positive  urochromogen  and  55 
remained  unchanged  on  subsequent  examinations. 

The  large  number  of  negative  reactions  in  the  far  advanced  cases  and  an 
endeavor  to  explain  these  reactions  made  it  seem  advisable  to  further  classify 
103  far  advanced  cases  into  cases  with  far  advanced  physical  signs  and  few 
symptoms,  as  far  advanced  fibroids,  and  those  showing  far  advanced  signs  and 
active  symptoms  as  far  advanced  active  cases.  The  result  of  this  classification 
is  shown  in  Table  11. 
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Table  II. — Compauison  of  Reactions  in  Far  Advanced  Fibuoid  and  Fau  Advanced 

Active  Cases. 


D  +  U  + 

D  +  U— 

D U  + 

D U — 

Initial  Examination. 

5 
1-single  exam. 

.S-acute 
exacerbations 
1-spontanous 
pneumothorax 
on     admission 

2 

4 

63 

5-8ingle  exams. 

Far  advanced 
Fibroid  cases. 

Subsequent 
Examinations. 

D+U+ 

3      including 
l-enterilis 
2-acute 
exacerbations 

D+U— 

D— U+ 

1 

4 

D— U— 

4 

2 

3 

51 

Initial  Examination. 

7 
4-single  exams. 

1 

2 

19 
3-single  exams. 

Far  advanced 
Active  cases. 

Subsequent 
Examinations . 

D+U+ 

2 

2 

10 

D+U— 

1 

1 

D— U+ 

D— U— 

1 

5 

In  this  table  there  were  classified  74  far  advanced  fibroid  and  29  far  ad- 
vanced active  cases.  Of  the  fibroid  cases  5  were  positive  diazo  and  positive  uro- 
chromogen  on  admission  (one  only  having  an  initial  examination)  3  of  these  5 
had  acute  exacerbations  and  1  had  acute  pneumothorax  when  examinations  were 
made ;  4  became  negative  on  subsequent  examinations.  Of  the  74  fibroid  cases 
2  had  positive  diazo  and  negative  urochromogen  on  admission  and  became  nega- 
tive to  both  tests;  4  had  negative  diazo  and  positive  urochromogen  on  admis- 
sion of  which  1  remained  the  same  and  the  other  3  became  negative  to  both  tests 
on  subsequent  examinations.  There  were  63  of  the  far  advanced  fibroid  cases 
which  gave  negative  to  both  tests  on  initial  examination  (5  of  these  being  single 
examinations),  3  cases  (1  developing  tuberculous  enteritis  and  2  during  an  acute 
exacerbation)  became  positive  diazo  and  positive  urochromogen.  Four  changed 
to  negative  diazo  and  positive  urochromogen  and  51  remained  unchanged  on 
subsequent  examinations. 

Of  the  29  far  advanced  active  cases  7  were  positive  to  both  tests  on  ad- 
mission (4  of  these  were  single  examinations),  2  remained  the  same  on  sub- 
sequent examinations  and  1  became  positive  diazo  and  negative  urochromogen. 
Only  1  of  the  29  cases  gave  a  positive  diazo  and  negative  urochromogen  reac- 
tion on  admission  and  subsequently  became  negative  to  both  tests.  Two  cases 
were  negative  diazo  and  positive  urochromogen  on  initial  examination  and  be- 
came positive  to  both  reactions  subsequently.  Nineteen  cases  gave  a  negative 
reaction  to  both  tests  on  admission  (3  of  these  being  only  initial  examinations), 
10  became  positive  diazo  and  positive  urochromogen,  1  became  positive  diazo 
and  negative  urochromogen  and  5  remained  unchanged  on  subsequent  examina- 
tions. 
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The  terminal  cases,  of  which  there  were  60,  were  tabulated  separately  in 
Table  III. 

Table  III. — Classificatiox  of  Reactions  in  Terminal  Cases. 


D  +  U  + 

D  +  U — 

D U-f 

D — r — 

Initial  Examination 

34 

15-single 
exams. 

6 

3-single 
exams. 

5 

4-single  exams. 

l-terminal 

hemorrhage 

15 
3-single  exams, 
l-terminal 
hemorrhage 

D+U+ 

14 

2 

4 

D+U— 

2 

Subsequent  Examinations 
133  examinations, 
on  60  cases. 

D— U+ 

2 
including 
1-T.  B. 
meningitis 

1 

3 

including 
l-terminal 

hemorrhage 
1-acute 

peritonitis 

D— U— 

1 
including 
1-T.  B. 
meningitis 

1 

5       including 
2-T.B.  meningitis 
l-terminal 

hemorrhage 
1-acute  lobar 
pneumonia 
1-acute  cardiac 

Of  these  60  terminal  cases  34  gave  a  positive  diazo  and  urochromogen  re- 
action on  initial  examination  (15  of  these  being  only  single  examinations),  14 
remained  positive  on  subsequent  examination,  2  changed  to  positive  diazo  and 
negative  urochromogen  and  2  changed  to  negative  diazo  and  positive  uro- 
chromogen, while  1  became  negative.  One  of  the  2  cases  that  changed  to  nega- 
tive diazo  and  positive  urochromogen  died  of  tuberculous  meningitis. 

Six  of  the  60  cases  were  positive  diazo  and  negative  urochromogen  on  in- 
itial examination  (3  of  these  were  single  examinations),  2  changed  to  positive 
diazo  and  urochromogen  and  one  to  negative  diazo  and  negative  urochromogen 
on  subsequent  examinations. 

Five  of  the  terminal  cases  gave  a  negative  diazo  and  positive  urochromogen 
on  initial  examination  (4  being  single  examinations,  one  of  which  died  of  ter- 
minal hemorrhage),  one  showed  no  change  subsequently.  Fifteen  of  the  ter- 
minal cases  gave  negative  results  on  initial  examination  (3  of  which  were  single 
examinations,  one  of  these  dying  of  terminal  hemorrhage).  4  became  positive 
to  both  reactions  on  subsequent  examinations;  3  became  negative  diazo  and 
positive  urochromogen  including  one  who  died  of  terminal  hemorrhage,  ami  one 
from  acute  peritonitis  due  to  a  perforation  of  a  tuberculous  ulcer,  and  5  re- 
mained negative  [2  of  which  died  from  tuberculous  meningitis,  1  from  a  ter- 
minal hemorrhage,  1  of  acute  lobar  (pneumococcus)  pneumonia,  and  one  from 
cardiac   insufficiency]. 

It  is  to  be  noted  from  these  tabulated  results  of  the  findings  in  terminal 
cases  that  practically  all  cases  dying  of  pulmonary  tuberculosis  reveal  positive 
reactions  by  both  tests  at  some  time  during  the  last  6  months  of  their  disease. 
Those  cases  which  gave  negative  reactions  to  both  tests  during  the  last  6  months 
of  the  disease  usually  died  of  some  acute  condition  such  as  pulmonary  hemor- 
rhage or  tuberculous  meningitis,  etc.     It  was  noted  that  cases  dying  of  tuber- 
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culous  meningitis  usually  gave  negative  reactions  to  both  tests;  this  was  especially 
true  of  the  diazo  reaction.  Some  of  these  cases  were  negative  during  the  whole 
■course  of  the  disease,  others  became  negative  during  the  attack  of  meningitis.* 

CONCLUSIONS. 

1.  Cases  dying  of  pulmonary  tuberculosis  give  a  positive  diazo  and  uro- 
■chromogcn  test  at  some  time  during  the  last  6  months  of  their  illness.  When- 
ever both  tests  are  negative  during  this  period  death  was  found  to  be  due  to  some 
intervening  condition,  such  as  pulmonary  hemorrhage,  tuberculous  meningitis, 
■etc. 

2.  Cases  of  chronic  fibroid  tuberculosis  generally  give  both  reactions  nega- 
tive except  when  same  is  explicable  by  some  acute  exacerbation,  acute  intercur- 
rent infection  or  acute  pleural  effusion. 

3.  In  active  cases  of  pulmonary  tuberculosis  when  both  reactions  are  posi- 
tive and  remain  so  for  most  of  the  succeeding  examinations  it  is  of  grave  prog- 
nostic import.  \\'hen  both  reactions  are  negative  in  acute  cases  no  stress  can 
"be  laid  upon  the  findings. 

4.  There  seems  to  be  no  regularity  between  the  presence  of  either  reaction, 
its  disappearance  to  be  displaced  by  the  other  or  by  both. 

5.  The  presence  of  a  urochromogen  reaction  in  cases  showing  no  clinical 
symptoms  is  of  no  prognostic  value.  No  diazo  reactions  were  obtained  in  clin- 
ically inactive  cases,  whereas  a  number  of  urochromogen  reactions  were  ob- 
tained in  such  cases. 

6.  The  presence  of  a  diazo  or  of  both  reactions  is  a  danger  signal  of  grave 
import. 

7.  Careful  clinical  observations  will,  from  a  prognostic  standpoint,  give 
more  information  than  the  diazo  and  urochromogen  tests  in  pulmonary  tuber- 
culosis. 

8.  Wherever  possible  both  tests  should  be  performed,  but  of  the  two  the 
diazo  should  be  given  the  preference. 


*We   wish   to   express   our  appreciation   to   Dr.    M.    I.    Marshak  for  the   kind   assistance   rendered  in 
preparing  this  paper. 
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By  N.  W.  Jannby,  M.D.,  Ph.D.,  New  York  City. 


PRESENT  STAGE  OF  DEVELOPMENT  OF  THE   HOSPITAL  LABORATORY. 

THE  development  of  the  American  hospital  laboratory  seems  curiously  enough 
to  have  lagged  far  behind  the  modern  evolution  of  the  medical  sciences. 
The  "laboratory"  of  even  the  large  urban  hospital  of  not  so  many  years  ago  still 
very  frequently  presented  little  evidence  of  advance.  A  young  physician  often 
in  active  practice  was  frequently  found  in  sole  charge  of  the  laboratory 
work, — bacteriological,  chemical,  pathological,  and  serological.  His  assistants 
were  as  a  rule  resident  physicians  who,  bent  on  a  purely  clinical  career, 
found  the  clinical  side  of  medicine  so  engrossing  that  their  laboratory  duties  fre- 
quently suffered  as  a  consequence.  Under  these  circumstances  it  is  then  not 
surprising  that  the  newer  delicate  scientific  methods  of  precision  were 
inadequately  carried  out  and  that  but  relatively  little  original  research  of  value 
resulted  from  such  an  organization.  So  the  physical  equipment  of  such  a  lab- 
oratory was  as  a  rule  but  illy  provided  for  or  indeed  neglected.  This  materially 
•contributed  to  a  generally  unsatisfactory  state  of  affairs. 

In  order  to  meet  such  needs  many  of  the  larger  city  hospitals,  the  institu- 
tions directly  connected  with  universities  being  excepted  throughout  this  dis- 
cussion, have  developed  so-called  "laboratories  of  clinical  patholog}^"  which  repre- 
sent about  the  present  stage  of  evolution  of  the  hospital  laboratory.  The  head 
of  such  a  laboratory  who  now  more  frequently  devotes  his  entire  time  to  his 
hospital  duties,  is  usually  a  pathologist  or  bacteriologist  and  often  intends  fol- 
lowing a  wholly  scientific  career.  This  implantation  of  a  purely  scientific  man 
into  the  hospital  system  represents  a  decided  step  in  advance.  Numerous  ex- 
amples can  be  quoted  where  research  studies  of  important  nature  have  been  car- 
ried out  under  these  circumstances.  The  "clinical  pathologist"  has  become  so 
generally  recognized  that  in  certain  universities  chairs  of  clinical  pathology  have 
been  created.  There  is  indeed  no  doubt  that  the  research  as  well  as  routine 
in  pathology,  bacteriology  and  serology  done  in  many  large  hospitals  can  now  be 
said  to  be  entirely  on  a  par  with  the  modern  development  of  these  scientific  med- 
ical branches. 

NEED  OF  A   HOSPITAL  BIOCHEMICAL   LABORATORY. 

At  the  present  time  we  are  however  in  the  midst  of  a  great  era  of  expansion 
of  chemical  knowledge  as  applied  to  medicine.  It  can  only  be  likened  to  the 
previously  occurring  rapid  development  of  bacteriology  when  its  possibilities  he- 
came  clearly  recognized.  Within  the  past  two  decades  the  pure  chemists,  headed 
by  Emil  Fischer,  have  made  such  advances  in  the  field  of  physiological  chemistry, 
animal  and  human,  that  the  combined  work  of  all  previous  time  has  been  sur- 
passed. No  other  example  than  protein  chemistry  need  be  considered  in  order 
to  emphasize  the  truth  of  this  assertion. 

Some  time  back  the  physician  trained  in  clinical  pathology  could  with  no 
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great  effort  include  among  his  duties  the  chief  chemical  examinations  then 
deemed  advisable  to  be  carried  out  in  the  hospital  laboratory.  Such  procedures 
as  compared  to  the  total  work  of  the  laboratory  were  few  and  usually  required 
no  unusual  technical  skill  of  chemical  nature.  This  state  of  afifairs  has,  how- 
ever, changed  considerably  of  late.  Newly  introduced  biochemical  methods  are 
becoming  ever  increasingly  such  direct  aids  to  clinical  diagnosis  and  treatment 
that  of  the  total  clinical  laboratory  examinations  a  large  percentage  are  already 
chemical.  The  newer  methods  for  the  quantitative  determination  of  various 
constituents  of  the  blood  may  here  be  mentioned  as  an  example.  In  many  in- 
stances a  greater  knowledge  of  chemistry  and  technic  is  also  required  in  order 
to  obtain  accurate  analytical  results  by  these  new  methods  than  can  be  fairly 
expected  of  the  physician  with  his  necessarily  general  training,  without  undue 
loss  of  time  and  energy. 

The  prevailing  type  of  hospital  laboratory,  as  alluded  to  above,  certainly 
seems  but  poorly  prepared  to  cope  with  these  new  demands  made  on  it  by  bio- 
chemistry. In  organization  essentially  medical  from  director  down,  there  is 
frequently  no  one  connected  with  it  on  whom  chemical  examinations  of  a  com- 
plex nature  can  properly  devolve.  This  fact  was  \txy  forcibly  impressed  on  the 
writer  in  a  comparative  study  recently  made  by  him  of  hospital  laboratories. 
Frequently  first  rank  institutions  were  found  to  possess  experienced  pathologists, 
serologists  and  bacteriologists  quite  competent  to  fill  higher  university  positions, 
w'hereas  it  is  a  matter  of  great  rarity  that  the  biochemist,  when  such  a  post  is 
actually  existent,  possesses  such  qualifications.  Indeed  only  a  very  few  exist- 
ing instances  are  known  of  hospital  chemical  laboratories  developed  commen- 
surately  with  the  position  now  attained  by  biochemistry^  among  the  medical 
sciences. 

IMPORTANCE  OF  THET  HOSPITAL  CHEMICAL  LABORATORY  FOR  BIOCHEMICAL 

RESEARCH    AXD    TEACHING. 

In  considering  the  relations  of  chemistry  and  medicine  of  today  a  certain 
lack  of  perspective  is  often  observable  in  the  work  of  both  chemists  and  phy- 
sicians engaged  in  the  physiological  chemical  field.  As  extreme  examples  the 
tollowing  two  episodes  may  be  quoted.  A  certain  large  city  hospital  in  Ger- 
many, deciding  on  modernization,  secured  the  services  of  an  organic  chemist 
who  was  instructed  to  enter  into  research  studies  of  clinical  importance.  This 
worker  knowing  that  hemoglobin  is  an  important  blood  constituent  spent  two 
years  and  w^ould  have  probably  spent  many  more  if  he  had  been  permitted,  in 
working  on  the  configuration  of  the  hemoglobin  molecule.  The  vague  relation 
of  this  research  to  clinical  medicine  is  quite  obvious. 

The  second  incident  is  of  the  opposite  nature.  A  young  physician  secured 
a  position  to  do  research  work  in  biochemistry.  With  the  intensest  devotion 
and  application  he  succeeded  after  a  year  in  introducing  a  single  quite  unimpor- 
tant modification  into  a  standard  biochemical  analytical  method.  This  work, 
however  creditable  to  its  author  in  view  of  his  limited  chemical  training,  can 
hardly  be  said  to  represent  an  adequate  return  of  the  time  and  money  involved. 
But  such  illustrations  of  inexperience  are  at  least  useful  in  emphasizing  a 
criticism  which  may  be  made  of  present  day  biochemical  research  and  teaching. 
Too  often  an  unfortunate  one-sidedness  is  apparent  in  the  biochemical  research 
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worker  or  teacher.  This  tendency  to  uneven  development  may  be  either  in  the 
chemical  or  medical  direction,  but  usually  the  chemical  is  the  predominating. 
As  a  result  the  purely  chemical  side  of  this  truly  border  subject  is  often  rather 
over  dwelt  upon.  Indeed  the  research  studies  of  certain  university  departments 
of  physiological  chemistry  would  do  like  honor  to  a  university  chemical  in- 
stitute. Owing  to  the  same  one-sidedness,  medical  students  are  not  always 
sufficiently  drilled  in  those  portions  of  biochemistry  most  useful  to  their  careers 
as  practitioners. 

The  underlying  cause  of  these  difficulties  lies  in  the  fact  that  it  is  not  easy 
to  acquire  the  ideal  blending  of  chemical  and  medical  experience  most  desirable 
for  research  workers  and  teachers  of  biochemistry.  The  pure  chemist  has  far 
too  few  opportunities  in  the  university  department  of  physiological  chemistry 
to  come  into  needed  contact  with  the  clinical  side  of  medicine.  Conversely  if 
beginning  his  biochemical  career  as  a  physician  and  receiving  his  introduction 
to  biochemistry  in  a  hospital  laboratory,  the  fundamental  chemical  training  of 
this  future  investigator  and  teacher  of  biochemistry  often  remains  permanently 
inadequate. 

If,  however,  our  large  hospitals  possessed  efficient  chemical  laboratories 
conducted  by  biochemists  of  broad  experience,  they  could  serve  as  nearly  ideal 
training  places  for  future  workers  in  this  field.  Here  the  young  chemist  could 
come  into  daily  contact  with  m.edical  internes  as  well  as  patients,  learn  some- 
thing of  morbid  conditions  at  first  hand,  and  in  general  enjoy  a  peculiarly  rich 
opportunity  for  acquiring  m.uch  of  the  medical  knowledge  necessary  for  his 
future  development  as  a  biochemist.  After  some  years  spent  in  this  atmos- 
phere he  could  then  accept  a  position  in  a  university  department  of  biochemistry 
with  every  prospect  of  keeping  a  proper  balance  between  the  chemical  and  med- 
ical side  of  his  subject. 

Another  reason  may  here  be  mentioned  for  the  need  of  development  of 
hospital  biochemical  laboratories.  It  is  in  the  hospital  and  not  so  frequently 
in  the  university  departmental  biochemical  laboratory  as  at  present  that  the 
biochemist  should  also  find  material  for  original  investigation.  The  writer  in 
delving  through  medical  literature  has  many  times  been  impressed  by  the  ad- 
vances which  could  have  been  made  had  many  questions  been  studied  by  bio- 
chemists rather  than  been  left  to  their  purely  medical  confreres,  whose  enthu- 
siasm for  objects  of  chemical  research  frequently  far  surpasses  their  chemical 
attainments.  If  the  biochemist  had  been  at  hand  in  the  hospital  many  of  such 
investigations  would  have  had  higher  value. 

RElvATlON  OF  THU  CLINICAL  STAFF  TO  THE  HOSPITAL  BIOCHEMIST. 

A  very  unfortunate  arrangement  is  frequently  met  with  in  hospitals  at 
present.  Owing  to  shortness  of  funds  or  to  a  lack  of  realization  of  the  value 
of  an  experienced  biochemist  to  the  institution,  a  young  worker  in  this  field  is 
frequently  placed  in  charge  of  the  chemical  laboratory.  Such  an  incumbent 
very  frequently  fails  of  proper  development,  this  being  due  to  his  premature  iso- 
lation and  separation  from  older  biochemical  colleagues.  Another  patent  cause 
for  the  lack  of  success  of  hospital  laboratories  may  also  play  a  role, 
namely  a  too  great  control  of  the  work,  especially  of  research,  on 
the  part  of  the  clinical  authorities.     This  may  be  necessary  in  tlic  case  of  the 
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young  and  inexperienced  chemist  who  might  otherwise  fail  to  devote  himself  tu 
well  judged  research  problems.  However  in  many  otherwise  well  organized 
hospitals  the  belief  seems  still  to  persist  that  the  control  of  the  research  ac- 
tivities of  the  chemist  and  indeed  also  of  all  branches  of  hospital  laboratory 
research  should  lie  with  the  clinical  stafif.  It  iS  very  surprising  that  such  an 
obviously  detrimental  arrangement  should,  in  view  of  the  modern  development 
of  medicine,  require  much  discussion.  Objectively  considered  it  seems  no  more 
reasonable  that  the  experienced  original  investigator  in  the  scientific  medical 
branches  should  have  his  problems  selected  for  him  by  the  clinician,  than  it 
would  be  for  him  to  attempt  to  prescribe  changes  in  the  treatment  of  the  hos- 
pital patients  under  control  of  the  visiting  physicians.  It  is,  however,  as  fully 
recognized  by  the  writer  with  regard  to  his  own  subject  that  only  to  one  of 
broad  training  both  in  medicine  and  chemistry  can  such  independence  be  safely 
given  in  choice  of  hospital  laboratory  problems.  In  this  lies  an  ad- 
ditional argument  for  furthering  the  development  of  a  type  of  original  in- 
vestigator in  biochemistry  having  the  hospital  training  suggested  in  this  article. 
What  then  constitutes  the  most  judicious  relation  of  the  visiting  physician 
to  the  hospital  biochemist?  Prof.  Frederick  Miiller  of  Miinich  once  expressed 
to  the  writer  the  conviction  that  the  "Fragestellung"  should  be  the  aim  of  the 
clinician  with  regard  to  biochemical  research.  The  discerning  bedside  physician 
coming  into  intimate  contact  with  the  innumerable  variations  of  morbid  phe- 
nomena has  indeed  many  occasions  to  formulate  questions  often  of  extreme  in- 
terest and  importance  to  the  biochemist.  It  remains  for  the  latter,  however, 
to  judge  of  the  feasibility  of  a  chemical  attack  on  such  questions  and  to  devise 
means  for  the  solution  of  such  as  lend  themselves  to  elucidation.  Again 
many  other  problems  can  best  be  studied  by  the  clinician,  biochemist, 
and  at  times  also  the  pathologist  working  in  common.  Many  valuable  re- 
searches of  recent  years  l,\ave  been  made  possible  only  by  such  an  efficient 
coalition  of  specialized  knowledge  and   experience. 

ORGANIZATION  OF'  A   HOSPITAL  BIOCHEMICAL   LABORATORY. 

Providing  that  an  adequately  trained  and  experienced  biochemist  is  ob- 
tainable this  should  present  no  great  difficulty.  As  previously  discussed  it  is  at 
present  quite  rare  to  find  men  sufficiently  versed  in  both  medicine  and  chemistry 
to  become  ideal  incumbents  of  such  positions.  To  its  holder  are  frequently  re- 
ferred problems  involving  very  considerable  knowledge  of  clinical  medicine.  On 
the  other  hand  the  solution  of  many  questions  may  tax  all  the  resourcefulness 
of  an  able  chemist.  The  work  of  the  director  of  such  a  laboratory  can  be 
best  carried  on  with  the  help  of  an  assistant  chemist,  who  also  receives  medical 
experience  as  suggested  above.  If  funds  permitted,  other  assistants  could  be 
employed  for  research  problems  only.  One  or  more  technicians  for  the  simpler 
chemical  routine  such  as  urinalysis  and  gastro-analysis  could  complete  the  stafif. 

In  hospitals  affiliated  with  universities  the  director  of  the  hospital  chemical 
laboratory  could  likewise  hold  an  assistant  or  associate  professorship  in  the 
teaching  institution.  Certain  biochemical  students  preparing  themselves  for  their 
doctor's  degree  could  then  be  given  an  opportunity  for  the  working  out  of  their 
theses  in  the  laboratory.  In  this  way.  also,  it  is  possible  to  more  evenly  blend 
medical  with  chemical  experience  in  the  development  of  the  future  biochemist. 
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As  to  the  physical  equipment,  four  categories  should  be  considered.  (1) 
the  chemical  laboratory,  (2)  the  metabolic  ward,  (3)  provision  for  animal  ex- 
perimentation, (4)  library.  For  the  hospital  chemical  laboratory  to  meet  the 
requirements  suggested  in  this  article  very  judicious  equipment  is  necessary. 
The  routine  chemical  analyses  of  urine,  blood,  gastric  fluid,  etc.,  can  best  be 
carried  out  in  a  separate  room.  Other  space  should  if  possible  be  reserved  for 
purely  research  studies.  This  division  is  but  rarely  seen  as  yet,  but  is  of  con- 
siderable importance  to  the  workers.  As  the  problems  and  therefore  the  chem- 
ical operations  carried  out  in  this  laboratory  vary  constantly,  it  is  very 
important  to  install  only  such  apparatus  as  permits  of  being  easily  changed 
about  to  meet  the  shifting  requirements  of  the  work.  In  an  article  of  this  kind 
it  seems  inadvisable  to  go  into  details  of  this  and  a  number  of  other  very  prac- 
tical matters  of  similar  nature. 

As  a  matter  of  common  experience,  it  is  very  difficult  to  properly  carry 
out  metabolic  examinations  and  experiments  in  the  midst  of  an  active  medical 
ward.  Segregation  of  patients  undergoing  such  studies  as  well  as  their  com- 
plete control  is  essential  for  the  proper  conduct  of  such  work.  For  most  re- 
quirements two  small  rooms  for  male  and  female  patients  with  a  conveniently 
situated  special  diet  kitchen  are  adequate.  Too  much  care  can  scarcely  be  given 
to  the  training  of  the  dietician  and  nursing  staff  of  such  an  experimental  ward, 
inasmuch  as  the  entire  value  of  a  long  and  laborious  metabolic  study  is  directly 
dependent  on  the  faithfulness  and  accuracy  of  the  dieting  of  the  patient  and 
collection  of  the  excreta.  The  location  of  this  ward  should  if  possible  be 
directly  adjacent  to  the  chemical  laboratory. 

As  the  animal  rooms  available  to  the  biochemist  in  a  hospital  are  scarcely 
ever  set  aside  exclusively  for  his  use,  their  equipment  must  depend  somewhat 
on  the  needs  of  the  other  scientific  workers.  In  general  the  plan  adopted  by  the 
Stadt  Krankenhaus  at  Frankfurt  am  Main.  Germany,  seems  a  good  one  and 
may  be  mentioned.  Rooms  for  dogs  and  smaller  animals,  a  room  for  experi- 
mental procedures,  such  as  catheterization  requiring  at  most  simple  sterile  per- 
cautions,  together  with  a  well  furnished  aseptic  animal  operating  room  and  ante- 
room enter  into  the  makeup  of  this  plant. 

Provision  for  a  working  library  even  if  necessarily  very  restricted  in  size 
should  be  made  in  such  a  complete  laboratory  development.  Very  few  hospital 
libraries  in  America  known  to  the  writer  are  in  any  way  adequate  to  the  calls 
made  upon  them  by  the  various  workers.  The  reason  often  given  in 
explanation  of  such  a  deficit  in  ready-to-hand  knowledge  is  that  such  books 
are  too  expensive  to  acquire.  As  a  matter  of  fact  one  thousand  dollars  ju- 
diciously invested  by  a  competent  authority  suffices  to  obtain  a  very  useful  work- 
ing set  of  journals  and  text-books  in  any  one  of  the  scientific  medical  branches. 
When  it  is  considered  that  the  mechanical  equipment  of  the  American  labora- 
tory is  often  more  than  adequate  for  its  purposes  and  unnecessarily  expensive 
as  well,  it  would  be  wiser,  the  writer  believes,  to  devote  to  library  purposes  some 
of  the  money  often  represented  by  little  used  pieces  of  large  apparatus  and  such 
luxuries  as  plate  glass  shelves. 

Inasmuch  as  the  general  arrangement  of  the  laboratories  of  the  new  Monte- 
fiore  Home  and  Hospital  has  been  demonstrated  through  several  years  of  use 
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to  be  convenient,  mention  may  be  made  of  their  g-eneral  plan.  One  of  the  build- 
ings belonging  to  the  hospital  complex  is  occupied  by  male  and  female  medical 
wards  on  its  first  two  floors.  The  third  floor  of  this  building  is  occupied  by  the 
laboratories  adjacent  to  which  is  a  small  experimental  ward,  diet  kitchen  and 
the  research  library.  Immediately  over  the  laboratory  floor  are  built  the  animal 
rooms.  This  close  physical  association  of  the  various  elements  going  to  make 
up  the  laboratories  has  proven  of  considerable  advantage. 
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By  Herbert  W.  Emerson,  M.D.,  and  John  S.  Chambers,  M.S., 

Ann  Arbor,  Mich. 

the  ninhydrin  reaction. 

THE  ninhydrin  color  reaction-'  ^  was  first  tried  on  the  poison  cleaved  from 
casein.  The  poison  was  made  up  in  aqueous  solutions  (1-100)  ;  (l-l,000j 
and  (1-10,000).  The  acidity  was  determined  and  neutralized  with  N/10  sodium 
hydroxide.  The  color  test  was  performed  by  taking  1  c.c.  of  this  solution  in  a 
small,  narrow  test  tube  and  adding  one  drop  of  a  one  per  cent  ninhydrin  solution 
and  placing  it  in  a  rack  in  an  oil  bath  kept  at  120°  C,  and  leaving  it  there  for  two 
minutes;  then  the  tube  was  removed  and  permitted  to  cool.  The  solution  (1-100) 
gave  a  light  reddish-violet  color;  the  solution  (1-1,000)  gave  no  color  to  the  liquid 
but  deposited  a  blue  line  upon  the  sides  of  the  test  tube  at  the  surface  of  the 
solution.  The  solution  (1-10,000)  was  negative,  no  color  and  no  ring.  This 
experiment  was  controlled  by  glycocoU  solutions  of  similar  strengths.  Glycocoll 
solutions  (1-100)  and  (1-1,000)  gave  a  deep  blue  color  and  the  solution  (1-10,000) 
gave  a  very  pale  blue  color  which  deepened  some  upon  standing  for  one  hour  and 
then  gradually  faded. 

We  tested  in  the  same  way  poisons  cleaved  from  colon  bacilli ;  from  the 
bacilli  of  tuberculosis;  from  dog's  muscle;  from  dog's  liver;  and  from  beef's  kid- 
ney; and  the  results  were  as  they  are  described  in  the  casein  poison  with  slight 
variations  in  intensity  of  color. 

The  next  series  of  experiments  were  performed  in  order  to  determine  w^hether 
anything  in  the  protein  poison  solution  interfered  with  the  ninhydrin  reaction. 

Experiment  I  was  performed  with  casein  poison  solution  (1-100)  and  adding 
glycocoll  (1-100)  and  ninhydrin  and  heating  as  before. 

Table  I. 

CASEIN  POISON  (  1-100)  .  GLYCOCOLL  ( 1-100)  . 

1  C.C.  casein  solution  -|-     1  drop  glycocoll 

1  c.c.  "            "  +     2  drops 

1  c.c.  "            "  -(-     4 

1  c.c.  "            "  -f    8 

1  c.c.  "            "  +  16      " 

1  c.c.  "            "  -f  32 


1% 

NINHYDRIN. 
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*From  the   Hygienic  Laboratory  of  the  University  of  Michigan. 

This  investigation  was  suggested  and  part  of  the  work  directed  by  Dr.   V.   C.  Vaughan. 
These  e.xperiments  were  performed  on  poisons  cleaved  from  various  proteins  according  to  Vaughan's 
method.' 
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This  experiment  was  repeated  but  the  casein  poison  solution  was  first  neu- 
tralized. 

Table  II. 

CASEIN  POISON   (1-100).      GLYCOCOLL  (1-100).  1%  NINHYDRIN.  RESULTS. 

1  c.c.  casein  solution  -(-  1  drop  glycocoll  -j-  1  drop  ninhydrin  and  heat  — 

1  c.c.        "  "  +2  drops        "  -f  1       '•  "  "        "  Weak-f 

1  c.c.        "  "  +  4      "  "  -f  1       "  "  "        "  Fair  + 

1  c.c.        "  "  +  8      "  "  +1       "  "  "        "  Good  -i- 

The  above  experiment  was  repeated  using  casein  poison  solution   (1-1,000). 

Table  III. 

CASEIN  POISON  (1-1000).      GLYCOCOLL  (1-100).  1%  NINHYDRIN.  RESULTS. 

1  C.C.  casein  solution       -|-  1  drop  glycocoll     -|-  1  drop  ninhvdrin  and  heat        Weak  -|- 
1  c.c.        "  "  -h  2  drops        "  -f  1      "  "  "        "  Fair  + 

1  c.c.        "  "  +  4      "  "  +1      "  "  "        "  Good  -f 

The  above  experiment  was  repeated  using  a  casein  poison  solution  (1-10,000). 

Table  IV. 

CASEIN  POISON  (1-10,000).      GLYCOCOLL  (1-100).  1%  NINHYDRIN.  RESULTS. 

1  c.c.  casein  solution       -(-  1  drop  glycocoll     -|-  1  drop  ninhvdrin  and  heat        -f- 

1  c.c.        "  "  +2  drops        "  -f  1       "  '  Good  + 

These  experiments  indicate  that  there  is  something  in  the  casein  poison  solu- 
tion which  lessens  the  delicacy  of  the  ninhydrin  reaction.  Comparison  of  tables 
I  and  II  shows  that  the  slight  acidity  of  the  casein  poison  solution  is  in  this  re- 
spect an  important  factor,  but  comparison  of  tables  III  and  IV  indicates  that 
there  are  other  factors  and  that  the  diluting  of  the  casein  poison  solution  mark- 
edly lessens  this  inhibitory  action  so  that  it  is  not  appreciable  in  dilutions  of  1- 
10,000. 

Some  experiments  to  determine  the  effect  of  dilute  hydrochloric  acid  on  the 
ninhydrin  reaction. 

Experiment  I,  using  Glycocoll   (1-1,000)   and  n/10  HCl. 

Table  V. 

GLYCOCOLL  (1-1,000).  n/10  HCl.  17c  NINHVDRIN.  RESULTS. 

1  c.c.  glycocoll  -f  1  drop  ninhydrin  and  heat         +  +  +  +  +* 

1  c.c.         "  +  1  drop  n/10  Hcl        +1 — 

1  c.c.        "  +2  drops     "        '•  +1 "  — 

Experiment  II,  using  n  50  HCl. 

Table  VI. 

GLYCOCOLL  (1-1,000).  n/50  HCl.  1%  NINHYDRIN.  RESULTS. 

1  C.C.  glycocoll  —  -|-  1  drop  ninhvdrin  and  heat  -f  -f  +  -f  +* 

1  c.c.        "  -f  1  drop  n/50  Hcl  -f-  1  "            "             "        "  +  +  + 

1  c.c.        "  -t-  2  drops     "        "  -1-1       ' -I- 

1  c.c.        "  +  3      •'        "        "  +1  "            "             "        "  — 

1  c.c.        "  ^  4      "        "        •'  4-1 _ 
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Experiment  III,  using  n/100  HCl. 


Table  VII. 


GLYCOCOLL  (1-1,000). 

1  c.c.  glycocoll 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 


n/100  Hcl. 


+  1  drop  n/lOO  Hcl 

+  2  drops     " 

+  3 ' 

14"        "  " 

+  5      ' 


1%  MNHVURIN. 

-)-  I  drop  ninliydrin  and  heat 

I  1  tt  II              II  II 

I  1  II  tt             tt  it 

[  1  II  II              II  II 

I  1  II  II              *•  II 

-  1  11  II              II  II 


RESULTS. 
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+  +  + 
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+ 


Small  quantities  of  dilute   inorganic  acids  interfere   with   and  prevent  the 
ninhydrin  color  reactions. 

Experiment  IV,  using  n/10  Oxalic  acid. 

Table  VIII. 


GLYCOCOLL  (1-1,000).  n/IOoxalic.  1%  ninhydrin. 

1  c.c.  glycocoll  —  -|-  1  drop  ninhydrin  and  heat 

1  c.c.         "  +1  drop  n/10  oxalic  -f  1       " 

1  c.c.         "  -f  2  drops     "         '•  +   1       " 

*-t-  +  -|-H — h   indicates  a  deep  blue  color. 

+   indicates  a  pale  blue  or  violet  color. 


RESULTS. 

+  ++  +  + 

+ 


Experiment  V,  using  n/50  Oxalic  acid. 


glycocoll  (1-1,000). 

1  c.c.  glycocoll 

1  c.c.         " 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 


Table  IX. 

n/50  oxalic  acid.  1%  NINHYDRIN. 

+  1  drop  ninhydrin  and  heat 
-)-  1  drop  n/50  oxalic     -f-  1 
+  2  drops     "  "        +  1 

+  3      "     v"  "        -f  1 

-{-  4      "        "  "        +  1 

+  5      "        "         "        +1 


RESULTS. 

+  +  +  +  H- 
+  +  +  + 
+  +  + 
+  + 
+ 


Experiment  VI  was  performed  to  determine  the  effect  of  dilute  sodium  hy- 
droxide, using  n/10  sodium  hydroxide. 


Table  X. 


glycocoll  (1-1, COO). 

1  c.c.  glycocoll 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 

1  c.c. 


n/10  NaoH. 


1%  NINHYDRIN. 

—  -f-  1  drop  ninhydrin  and  heat 

+  1  drop  N/10  NaoH  +  1       " 

■^  2  drops     "          "4-1       " 

_|_  3  "        "          "        _i.  1       "  "             " 

I        A  tt                tt                   tt                   I         i              II  II                          11 

_|-  5  "        "         "        _j_  1      "  ,  "            " 

I       f:  it               It                  tt                  ]        1            II  tt                       tt 


RESULTS. 

+  +  +  +  -h 

+  +  +  + 

+  +  + 

+  + 
I 

-r 
+ 


The  results  of  these  experiments  indicate  that  N/10  sodium  hydroxide  in- 
terferes with  the  ninhydrin  color  reaction  to  about  the  same  extent  as  equal 
amounts  of  N/50  oxalic  acid  and  as  N/100  hydrochloric  acid  and  that  small 
amounts  of  weak  acids  and  alkalies  hinder  or  prevent  this  color  reaction. 

Some  experiments  were  tried  to  see  if  sodium  chloride  interfered  with  or 
lessened  the  delicacv  of  the  reaction. 
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Experiment  VII,  using  20%  Sodium  Chloride. 


1  c.c.  NaCl 
1  c.c.      " 
1  c.c.      " 
1  c.c.      " 


Table  XI. 
+  1  drop  glycocoU  -}-  1  drop  ninhvdrin  and  heat 

+  2  drops       "  +  1       " 

I    ^       "  .<  _j_   1       "  "  "         " 

_|_  ^       "  "  _|_  1       "  "  "         " 

controlled  with  water 


+ 
+ 
+ 


1  c.c.  water 

1  c.c.       " 

1  c.c.       •' 

1  c.c.       " 


Table  XII. 
-f-  1  drop  glvcocoll  +  1  drop  ninhvdrin  and  heat 

+  2  drops       "  +  1       " 

-f_  4      "  "  _j_  1       "  "  " 

I       ^  **  **  _i_    1  (*  ((  a  it 


+ 

+  +  + 

+  +  +  +  + 


The  above  experiment  was  repeated  using  one  per  cent  sodium  chloride  and 
heating  in  the  oil  bath  three  and  one-half  minutes  instead  of  two. 

Table  XIII. 


1%  SODIUM  CHLORIDE 

.      GLYCOCOLL 

(l-l.OOO).                  1%  NINHYDRIN. 

RESULTS. 

1  C.c.  NaCI 

+  2 

drops 

glycocoU        +  1  drop  ninhydrin  and  heat 

— 

1  c.c.      " 

+  4 

It 

tk                                      1         "1               ((                          tt                            tt                  tt 

+ 

1  c.c.      " 

+  6 

ti 

it                               |_     1            it                     tt                       tt               tt 

+  +  + 

1  c.c.      " 

+  8 

tt 

tt                            _t        1             it                      tt                       tt               tt 

controlled  with  water 

+  +  +  + 

1  c.c.  v/ater 

1  c.c.       " 

1  c.c.      " 

1  c.c.       " 


Table  XIV. 

-\-  2  drops  glvcocoll        +  1  drop  ninhvdrin  and  heat 

+  4      "  '  "  +  1       " 

_j_  5      "  "  _|_  1      "  "  "        " 

I  Q  t*  <*  _l_       1  **  **  "  ** 


4-  + 

+  +  +  + 

+  +  +  +  -h 


This  experiment  was  repeated  using  5%  Sodium  Chloride. 


Table  XV. 

5%  Nad. 

GLYCOCOLL  (1-1,000). 

1%  NINHYDRIN. 

RESULTS. 

1  c.c.  NaCl 

+  2  drops  glycocoU        -|-   1  drop  ninhydrin  and  heat 

— 

1  c.c.      " 

+  4      '• 

j          1               a                          it                            tt                  it 

+  + 

1  c.c.       " 

+  6      " 

1            1                  tt                                 ((                                   tt                      tt 

+  +  + 

1  c.c.       " 

-f  8      " 

_  1  _        1                  ((                                 tt                                   it                      tt 

+  +  +  +-h 

This  experiment  was  repeated  using  10%  Sodium  Chloride. 


Table  XVI. 

.LYCOCOLL  (1-1,000). 

1%  NINHYDRIN'. 

RESULTS. 

+  2  drops  glycocoU 

-f  1  drop  ninhydrin  and  heat 

+ 

+  4      " 

1        1             tt                      n                       tt               tt 

+ 

+  6      " 

1      1         It                .<                  t(           .1 

+  + 

+  8      " 

I       1           tt                   tt                    tt             tt 

+  +  + 

10%  Nacl. 
1  c.c.  NaCI 
1  c.c.      " 
1  c.c.      " 
1  c.c.      " 

These  experiments  indicate  that  sodium  chloride  lessens  the  intensity  of  the 
color  reaction  and  gives  a  lighter  and  more  violet  color ;  and  that  sodium  chloride 
diminishes  slightly  the  delicacy  of  the  reaction. 

We  had  noticed  in  some  of  the  preceding  experiments  that  prolonging  the 
lime  of  heating  gave  much  better  color  reaction  and  these  experiments  were  per- 
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formed  to  determine  the  effect  of  a  longer  heating  period.  One  or  two  drops  of 
glycocoU  (1-1,000)  were  added  to  1  c.c.  of  water,  then  ninhydrin  was  added  and 
heated  in  the  oil  bath  as  before  for  the  time  indicated. 

Table  XVII. 

2  MINS.   5  MINS.   7.5  MINS.    10  MINS.         12.5  MINS.         15  MINS. 

2  drops  glycocoll        —        +        +  +  +        +  +  +  +  +  +  +  +  +      +  +  +  +  +  + 

1  drop         "  --  +  +-f-  +  +  ++  +  +  +  + 

Temperature  of  bath  was  raised  from  120°  to  125°  C. 

1  drcp  glycocoll  —         +  ++  +  +  +  +  +  +  +  ++  +  +  +  "1- 

These  experiments  indicate  that  one  gets  a  much  better  test  by  prolonging 
the  time  of  heating  and  wherever  there  is  no  objection  to  this,  it  gives  much  bet- 
ter results. 

Ninhydrin  will  give  a  positive  reaction  with  glycocoll  in  dilution  of  (1-15,- 
000)  when  heated  two  minutes  and  will  give  a  positive  reaction  in  dilution  of 
(1-45,000)  when  heated  twelve  minutes. 

Some  of  the  preceding  experiments  were  repeated  and  the  heating  in  the  oil 
bath  continued  for  twelve  minutes  instead  of  two  and  the  temperature  kept  at 
120°  C.  as  in  the  preceding  experiments. 

Table  XVIII. 

NINHYDRIN    REACTION.  RESULTS 

++  (1-100). 

Casein  poison  +  +  + 

Colon  poison  +  -|-  + 

Tuberculosis  cell  poison  -| — |- 

Dog's   liver  poison  *^  +  +  + 

Beef's  kidney  poison  +  -| — \- 

Casein  +-}-  +  +  + 

Colon  cell  substance  -j-  +  -f"  H — h 

Tuberculosis  germ   substance  -H  +  H — I — H 

Egg  albumen  -f-  -H  -|-  +  + 

Peptone  -|.  +  +  +  + 

Colon  residue*  —  —  — 

Tuberculosis  cell  residue  —  —  — 

Casein  residue  —  —  — 

The  above  suspensions  were  all  carefully  neutralized  before  the  experiments. 
In  these  experiments  the  cell  substance  and  the  protein  poison  derived  therefrom 
give  positive  ninhydrin  color  test  in  dilutions  of  (1-10,000)  except  egg  albumen, 
which  was  positive  in  dilutions  of  (1-5.000),  while  the  three  residues*  tested 
were  negative  in  dilutions  of  (1-100). 

The  question  naturally  arises  here ;  is  the  ninhydrin  reacting  substance  pres- 
ent in  the  protein  poison  or  is  it  cleaved  by  the  heating  for  twelve  minutes? 

Early  in  this  investigation,  when  performing  the  ninhydrin  tests,  the  solu- 
tion was  heated  for  two  minutes  and  we  got  only  slight  tests  with  the  protein 
poison  in  dilutions  of  (1-100)  ;  it  was  found  that  keeping  the  solution  either  in 
acid  or  alkaline  solutions  at  room  temperature  for  two  to  four  days,  and  then 
neutralizing  and  testing  gave  very  much  stronger  tests,  deeper  colors.     This  in- 


RESULTS 

RESULTS 

(1-1,000). 

(1-10,000). 

-f-f +  + 

-H 

+  +4--h 

+  + 

+  +  + 

+ 

-f -f  +  + 

+ 

+  +  +  + 

+ 

-F  +  -f--f 

+ 

-f +  +  + 

++ 

+  -f  +  4- 

+ 

-f  +  -f- 

— 

-f +  +  + 

-h 
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dicates  that  there  is  some  cleaving  of  the  protein  poison  and  part,  at  least,  of 
the  ninhydrin  reaction  is  due  to  it. 

The  toxicity  of  the  protein  poison  after  heating  in  the  oil  bath  at  120°  for 
twelve  minutes  was  not  appreciably  diminished. 

CONCI.USIONS. 

1.  Vaughan's    portein    poisons    in    dilutions    up    to    (1-10,000)    gives    the 
ninhydrin  reaction. 

2.  The  proteins   from   which   the   poisons  are  obtained  will   also  give  the 
ninhydrin  reactions  in  dilutions  up  to   (1-10,000). 

3.  The  cell  residue  in  dilutions  of  (1-100)  does  not  give  the  ninhydrin  re- 
action. 

4.  Dilute  acids  and  alkalies  interfere  with  this  reaction. 

5.  Sodium  chloride  interferes  very  slightly  with  the  reaction. 

6.  Prolonging  the   time   of   heating   makes   the   reaction   very   much  more 

delicate.  bibliography. 

Waughan's  Protein-Split  Products,  p.  98. 

2Riehemans  :  Jour.  Chem.  Soc,  vol.  xcvii.  1910-2025. 

'Abderhalden  and  Schmidt:    Zeit.  fur  Physiol.  Chem.,  vol.  Ixxii,  1910-1937. 

"•Vaughan's  Protein-Split  Products,  p.  165. 


THE  BULGARIAN  BACILLUS  IN  THE  TREATMENT  OF 

VULVOVAGINITIS* 


By  Milton   B.   Cohen,   M.D.,   Cincinnati,   Ohio. 


OF  the  many  problems  which  have  been  studied  both  by  clinicians  and 
laboratory  men,  one  of  the  most  interesting  is  that  of  combatting  infec- 
tions which  have  become  chronic  and  in  which  the  parasite  seems  to  have  es- 
tablished a  resistance  to  the  immunizing  substances  of  the  host.  One  of  the 
methods  which  has  been  used  to  treat  such  infections  is  the  implantation  upon 
the  infected  surface  of  some  organism  which  in  cultures  produces  biologic  pro- 
ducts capable  of  destroying  the  infecting  organism  or  inhibiting  its  growth. 
This  method  of  symbiosis  has  been  applied  with  some  success  to  the  treatment 
of  diphtheria  carriers  by  Catlin,  Scott  and  DayS  and  others,  and  is  used  more  or 
less  as  a  routine  in  many  hospitals  for  contagious  diseases. 

At  the  Cincinnati  General  Hospital,  a  number  of  investigators  have  been 
interested  in  the  subject  of  vulvovaginitis  in  ciiildren,  especially  in  that  form 
which  is  usually  spoken  of  as  gonorrheal,  from  which  organisms  morphologically 
and  culturally  indistinguishable  from  the  gonocijccus  can  be  isolated.  The  prob- 
lem of  prophylaxis  and  treatment  of  this  disease  is  a  very  important  one  as 
many  of  the  infected  children  arc  never  completely  cured  and  the  cures  which 
are   reported   are   secured   only   after    very   energetic    and    persistent    treatment 

*From   the    I'atliologic    Institute   of   the    Cincinnati    General    Hospital,    ami    the    Department    of    Tath- 
ology   of    the    University   of   Cincinnati. 
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with  a  variety  of  local  injections  and  irrigations  alone  or  combined  with  vaccine 
therapy.  In  many  cases  it  requires  from  several  months  to  a  year  or  more  to 
efifect  a  probable  cure  and  frequently  after  the  child  is  dismissed  and  treatment 
is  discontinued,  the  disease  recurs.  It  seems  that  these  vaginitis  cases  may  be 
included  in  the  carrier  group,  in  which  the  infecting  organisms  live  and  multiply 
in  foci  which  cannot  be  reached  by  the  usual  methods  of  treatment.  It  there- 
fore seemed  that  it  might  be  possible  to  implant  in  the  vagina  a  harmless 
organism  which  would  thrive  in  the  crypts  and  folds  and  so  alter  the  vaginal 
secretion  by  its  metabolism  as  to  render  it  no  longer  suitable  for  the  growth  of 

the  gonococcus. 

In  looking  through  the  literature  on  the  subject,  one  can  find  but  one  refer- 
ence to  such  a  treatment.  Taussig-  tried  the  effect  of  suppositories  of  Bulgarian 
bacilli  made  from  tablets  prepared  by  Parke,  Davis  &  Co.  He  introduced  these 
into  the  vagina  three  times  weekly  continuing  the  treatment  for  from  six  to 
eight  weeks.  Three  of  his  cases  improved.  There  was  no  attempt  made  to 
find  out  whether  or  not  the  Bulgarian  bacillus  per  se  was  responsible  for  the 
improvement.  Rosenthal'',  working  in  Hayem's  laboratory,  did  a  number  of 
symbiotic  cultural  experiments  with  this  organism  and  numerous  other  bacteria 
among  them  the  meningococcus.  He  concluded  that  the  metabolic  products  of  the 
Bulgarian  bacillus  were  very  antagonistic  to  organisms  of  the  meningococcus 
group,  to  which  the  gonococcus  belongs. 

With  this  information  at  hand,  it  became  important  to  determine  whether 
the  Bulgarian  bacillus  would  grow  in  the  human  vagina,  and  whether,  when 
grown  there,  it  would  cause  the  death  of  the  gonoccus  or  inhibit  its  growth. 

Strains  of  this  organisms  were  obtained  from  Parke,  Davis  &  Co.,  from 
the  Bulgarian  Bacillus  Products  Co.,  from  the  stomach  contents  of  a  case  of 
gastric  carcinoma,  and  from  normal  human  saliva.  After  several  trials,  the  fol- 
lowing method  was  adopted  as  a  routine.  The  centrifuged  sediment  from  a 
mixed  culture  of  these  four  strains  grown  for  48  hours  at  37.5°  in  whey,  was 
mixed  with  5  per  cent  lactose  solution.  This  solution  was  injected  intravaginally 
twice  daily  by  means  of  a  Luer  syringe  and  a  special  glass  tip  which,  when  in- 
serted through  the  hymen,  plugged  the  opening  and  allowed  the  vagina  to  be 
completely  filled  and  the  solution  to  come  into  contact  with  its  entire  surface. 
During  this  experiment,  all  other  treatment  was  discontinued. 

Three  cases  were  treated  by  this  method.  Each  one  had  a  very  profuse 
discharge  in  which  gonococcus-like  organisms  could  be  easily  demonstrated 
in  smears  taken  by  the  swab  method.  Smears  from  the  vagina  were  examined 
twice  weekly  for  the  presence  of  Bulgarian  bacilli  and  gonococcus-like  organ- 
isms. Not  once  was  the  Bulgarian  bacillus  demonstrated  in  direct  smear  even 
when  it  was  taken  within  twelve  hours  after  an  injection.  In  two  cases,  after 
ten  and  thirteen  days  of  treatment  respectively,  the  discharge  ceased  and  no 
gonococci  could  be  found  in  the  vaginal  smears.  The  treatment  was  discon- 
tinued for  two  days  during  which  time  Bulgarian  bacilli  were  demonstrated  with 
some  difficulty  in  cultures  from  the  vagina  using  the  glacial  acetic  acid  method 
described  by  Heinemann  and  Hefferman.*  On  the  morning  of  the  third  day  a 
discharge  reappeared  in  which  gonococcus-like  organisms  could  be  shown. 
Treatment,  using  the  culture  which  had  been  isolated  from  the  vagina  two  days 


Bulgarian  Bacillus  in  the  Treatment  of  Vulvovaginitis  759 

previously,  was  resumed  and  was  continued  for  three  weeks.  During  this  time 
several  negative  slides  were  obtained,  but  almost  always  after  sufficient  search 
a  few  typical  gonococci  could  be  found.  The  third  case  developed  measles  on  the 
eighth  day  of  treatment  and  was  transferred  to  the  hospital  for  contagious  diseases 
where  the  vaginitis  was  not  treated.  On  the  thirteenth  day  after  developing 
measles,  smears  made  from  the  vagina  were  positive  for  gonococcus-like  organ- 
isms and  negative  for  Bulgarian  bacilli.  The  bacillus  was  demonstrated  in  small 
numbers  by  cultural  methods. 

Although  the  number  of  cases  treated  is  very  small,  and  the  length  of  treat- 
ment short,  it  seems  that  the  following  conclusions  are  justified. 

1.  The  Bacillus  bulgaricus  does  not  thrive  in  the  human  vagina  and  is 
therefore  of  little  use  in  the  treatment  of  vulvovaginitis. 

2.  The  results  obtained  by  Taussig  in  his  three  cases  were  probably  not 
due  to  the  Bulgarian  bacillus. 

I  wish  to  express  my  sincere  thanks  and  appreciation  to  Drs.  P.  G.  Wooley, 
W.  B.  Wherr\'  and  \\'ade  W.  Oliver,  for  their  valuable  suggestions  and  as- 
sistance. 
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LABORATORY  METHODS 


A  SIMPLE  COLORIMETER  FOR  CLINICAL  PURPOSES* 


By  Victor  C.  Myers,  New  York  City. 


ON  account  of  the  European  war  it  is  very  difficult  at  the  present  time  to 
secure  the  excellent  colorimeters  manufactured  by  Duboscq  and  by  Hellige. 
Furthermore,  even  in  normal  times  these  instruments  are  comparatively  expen- 
sive on  account  of  their  type  of  construction. 

To  supply  the  need  for  a  simple,  relatively  accurate  but  inexpensive  color- 
imeter for  clinical  purposes,  the  instrument  described  below  has  been  devised. 
The  instrument  is  similar  in  principle  to  the  Sahli  hemoglobinometer,  but  con- 
siderably larger,  ^^'ith  it  one  may  make  such  estimations  as  the  excretion  of 
phenolsulphonephthalein  in  the  urine  and  the  uric  acid,  urea,  creatinine  and 
sugar  in  the  blood,  etc..  with  a  sufficient  degree  of  accuracy  for  any  clinical 
purpose. 

The  instrument  illustrated  above  consists  of  a  box  containing  two  tubes  of 
identical  bore  (L2x26  cm.)  graduated  in  tenths  from  5  to  25  c.c.  The  tubes 
are  placed  side  by  side  in  the  instrument,  colorimetric  comparison  being  made 
in  the  ungraduated  portion  (0-5  c.c.)  through  an  opening  1x2.2  cm.  against  a 
white  glass  background.  To  make  a  colorimetric  determination  it  is  simply 
necessary  to  dilute  the  solution  in  one  of  the  tubes,  preferably  the  unknown,  until 
the  depth  of  color  is  identical  with  the  other  tube.  The  diluting  fluid,  generally 
water,  is  added  with  the  diluting  pipette,  inverting  the  tube  after  each  addition. 
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For  standards  one  can  best  employ  solutions  of  the  substance  to  be  de- 
termined, i.  e.,  phenolsulphonephthalein,  uric  acid,  nitrogen  in  form  of  ammonium 
sulphate  or  chloride,  creatinine  in  saturated  picric  acid  solution  and  glucose  in 
saturated  picric  acid  solution,  developing  the  color  in  the  standard  simultane- 
ously with  the  unknown.  Our  experience  would  indicate  that  for  colorimetric 
work  there  are  no  standards  quite  as  satisfactory  as  those  prepared  from  the 
substance  to  be  determined  and  treated  in  the  same  way  as  the  unknown. 

The  calculations  with  the  instrument  may  be  made  very  simple.  If,  for  ex- 
ample, a  blood  sugar  estimation  is  being  made  and  the  standard  glucose  solution 
is  the  equivalent  of  0.1  per  cent  blood  sugar  for  the  conditions  used,  then  a  dilu- 
tion of  the  unknown  to  15  c.c.  would  represent  0.15  per  cent  blood  sugar,  etc. 


A  POSITIVE  TEST  FOR  BLOOD   IN   THE   STOMACH 


By  Max  B.  Leviton,  S.B.,  M.D.,  Chicago,  III. 


THE  test  for  blood  here  described  is  probably  more  delicate  and  exact  than  any 
■hitherto  proposed  in  that  the  red  cells  can  be  seen  by  direct  inspection  of 
the  centrifuged  fluid  under  the  microscope.  It  is  a  modification  of  Loeper  and 
Binet's^  test  of  gastric  contents  (washings  of  the  empty  stomach),  except  that 
there  is  no  preliminary  lavage  and  the  contents  are  first  neutralized  to  avoid 
laking  of  the  blood  cells. 

The  technic  is  as  follows : 

The  patient  is  directed  to  omit  anything  for  breakfast,  including  liquids, 
to  rinse  the  mouth  and  teeth  frequently  and  expectorate  any  saliva  that  might 
form,  so  that  little  or  none  of  the  cellular  elements  of  the  buccal  cavity  might 
be  swallowed  (epithelium,  pus  cells,  blood,  etc.).  A  half  glass  of  water  con- 
taining a  dram  of  sodium  bicarbonate  is  administered,  with  a  glass  of  saline 
solution  a  few  minutes  later.  The  abdomen  is  then  thoroughly  massaged  and 
gently  squeezed  for  a  few  minutes  and  the  contents  aspirated  by  means  of  a 
glass  irrigating  syringe  attached  to  a  narrow  caliber  colon  tube  (15  French),  4 
mm.  in  diameter.  This  soft  tube  produces  no  trauma  as  when  the  ordinary 
aspirating  tube  is  used  and  therefore  the  red  cells  seen  are  actually  from  the 
stomach.  Three  small  extra  holes  made  in  the  tube,  as  kindly  suggested  to  me 
by  Prof.  Bird  M.  Linnell,  of  Rush  Medical  College,  allows  aspiration  without  a 
suction  action  on  the  mucosa,  which  is  of  itself  likely  to  produce  bleeding.  Pre- 
cautions should  be  taken  to  have  connections  tight,  so  that  the  tube  is  not  swal- 
lowed. It  is  usually  necessary  to  assist  the  passage  of  tiie  soft  tube  down  the 
pharynx  by  pushing  it  down  with  one  finger  in  the  mouth  to  prevent  kinking. 
For  this  purpose  it  is  better  to  wear  a  thick  rubber  glove  to  avoid  abrasions  of 
the  hand  on  the  teeth.     The  patient  assists  by  swallowing. 

All  that  is  necessary  is  one  syringeful,  which  is  centrifuged  and  examined 


•From  the  Medical   Clinic   of  Rush   Medical   College.   Chicago,   111. 
iPresse  Medicale,  Apr.   8,    1914. 


762  The  Journal  of  Laboratory  and  Clinical  Medicine 

microscopically.  It  is  better  to  wipe  the  mucus  off  the  end  of  the  lube  and  expel 
a  few  drops  before  ejecting  the  fluid  from  the  syringe  for  examination. 

Tests  showed  that  even  in  concentrated  soda  solution  the  red  cells  re- 
mained comparatively  unharmed  for  a  long  time.  The  contents  that  were  analyzed 
up  to  date  almost  always  showed  several  red  cells,  and  it  is  questionable  whether 
under  these  conditions  there  are  not  nearly  always  a  very  few  erythrocytes  in 
the  normal  stomach. 

The  test,  therefore,  is  useful  when  considered  quantitatively,  say  approxi- 
mately more  than  three  or  four  to  the  high  power  field.  In  addition,  the  other 
findings  suggested  by  previous  writers  might  be  employed,  i.e.,  pus  cells,  frag- 
ments of  mucosa,  tumor  cells.  Wolf  Junghans'  test  for  dissolved  albumin,  and 
lactic  acid,  besides  Oppler-Boas  bacilli,  yeasts  and  sarcinae. 

The  ordinary  coarse  tube  sometimes  brings  up  blood,  especially  in  the  mucus 
surrounding  the  opening.  As  a  supplementary  test  when  other  findings  have 
proved  equivocal,  or  in  sensitive  patients  who  will  not  take  the  larger  tube  this 
test  might  prove  of  some  use.  Since  microscopic  bleeding  occurs  in  some  cases 
of  gastritis,  so-called  hemorrhagic  erosions,  etc.,  it  is  especially  valuable  as  a 
negative  test  for  blood. 

Special  thanks  are  due  to  Dr.  R.  Berghoff,  of  Central  Free  Dispensary,  Rush 
Medical  College,  for  many  courtesies  and  the  use  of  cases. 
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EDITORIALS 


Gastrointestinal  Diseases 

Tl THAT  we  call  gastrointestinal  diseases  are  expressions  of  alterations  of  func- 
VV  tion  in  one  or  more  parts  of  the  ga.strointestinal  system.  They  are  com- 
monly confused  with  symptoms,  such  as  hyperacidity,  hypoacidity,  hypermotility 
and  hypomotility,  which  are  not  diseases,  but  symptoms  of  disease.  Sometimes 
they  are  associated  with  symptoms  in  other  parts  of  the  body  than  the  gastro- 
intestinal tract,  and  such  symptoms  call  attention  to  the  fact  that  the  various 
organs  of  the  body  are  not  truly  separated  or  independent,  but  that  they  are 
actually  dependent  upon  one  another.  So  with  gastrointestinal  upsets  the  nervous 
system  may  be  affected,  or  the  urinary  system,  and  it  is  from  these  distance  ef- 
fects that  we  have  come  to  make  so  much  of  a  group  of  symptoms,  which  may 
'be  combined  into  different  complexes,  in  different  individuals,  which  we  call,  com- 
prehensively, gastrointestinal   intoxications  or,   also,   autointoxications. 

In  order  to  be  clear  in  our  conceptions  we  should  consider  first  of  all  the 
functions  of  the  organs  comprising  this  tract  or  system. 

The  function  of  the  stomach  and  of  the  intestines  also  is  to  contain  and  re- 
tain food  for  a  certain  period  of  time  during  which  the  food  is  chemically  changed 


764  The  Journal  of  Laboratory  and  Clinical  Medicine 

by  means  of  ferments.  In  order  to  fulfill  this  function  it  must  be  capable  of  ex- 
pansion, and,  in  order  to  expel  the  contents  at  the  proper  time  it  must  be  capable 
of  returning  to  its  original  size.  In  other  words,  it  must  be  elastic  and  contractile, 
and  the  elasticity  and  contractility  are  chiefly  the  result  of  the  condition  of  the 
musculature.  The  function  of  the  intestine  is  to  carry  the  food  from  the  stomach 
to  the  external  world  and  at  the  same  time  to  allow  time  for  absorption  of  food- 
stuffs into  the  body.  This  function  depends  upon  elasticity  and  contractility  and 
here  again  the  contractility  is  mainly  dependent  upon  the  condition  of  the  mus- 
culature. In  other  words,  the  function  of  the  gastrointestinal  tract,  so  far  as 
motility  (contractility)  is  concerned,  is  dependent  upon  the  condition  of  the 
muscalaris,  and  so  disease  tends  to  be  produced  by  variation  in  the  elasticity  and 
motility  of  the  various  portions  of  the  gastrointestinal  tract. 

It  is  these  qualities  of  elasticity  and  contractility  which  prevent  stasis  in 
the  intestinal  tract.  Normally  the  various  segments  of  the  tract  act  in  such  har- 
mony that  the  contents  are  gradually  pushed  along  to  their  normal  destination 
in  a  certain  normal  time.  A  healthy  bowel  will  not  permit  of  stasis  but  will 
carry  on  its  motor  functions  with  ease  and  regularity.  To  assist  in  this  func- 
tion there  must  be  a  coordinating  or  regulating  mechanism.  This  Keith  believes 
he  has  found  in  the  myenteric  (Auerbach's)  plexus.  He  finds  that  at  certain 
points  this  plexus  is  concentrated  to  form  masses  (or  nodes)  which  correspond 
to  the  nodes  in  the  conducting  tissue  of  the  heart,  and  that  at  these  nodes  new 
rates  of  peristalsis  are  inaugurated  and  persist  throughout  the  segment  to  which 
they  belong.  Evidently  disease  of  the  gastrointestinal  tract  may  occur  because 
of  interference  with,  or  damage  to,  the  myenteric  coordinating  system. 

In  order  that  the  food  shall  be  properly  prepared  for  absorption,  the  neces- 
sary kinds  and  amounts  of  ferments  must  be  secreted  by  the  glands  of  the  gastro- 
intestinal tract  and  by  the  .accessory  glands,  and  in  order  that  these  shall  act 
properly  the  contents  of  the  tract  must  have  the  proper  chemical  reaction.  In 
the  stomach  the  reaction  must  be  acid ;  in  the  intestine  it  must  be  alkaline.  There- 
fore variations  in  the  quantitative  secretion  of  the  various  digestive  fluids  and 
in  the  qualitative  composition  of  them,  tends  to  produce  disease. 

Gastrointestinal  disease  arises  from  abnormal  changes  in  elasticity,  motility 
(contractility),  segmental  coordination,  secretion  of  ferments,  and  (chiefly)  chem- 
ical reaction. 

When  we  consider  these  four  groups  we  find  that  we  can  most  usefully  com- 
bine them  into  two  large  groups,  for  we  find  that  changes  in  elasticity  and  motility 
are  apt  to  occur  together;  and  that  changes  in  production  of  ferments  and  the 
chemical  reaction  of  the  juices  are  apt  to  be  combined.  Also  we  discover  that 
each  of  these  groups  are  interwoven  to  such  an  extent  that  it  is  not  possible  to 
separate  them  completely. 

The  normal  course  of  events  in  gastric  digestion  is  briefly  as  follows : 

Food  enters  the  stomach  and  is  there  kneaded  and  thoroughly  mixed  with 
gastric  juice  so  that  the  ferments,  chiefly  pepsin,  may  act  upon  the  proteins.  For 
the  ferment  action,  a  certain  degree  of  acidity  is  necessary.  After  a  certain  time 
the  partially  digested  food  is  expelled  through  the  pylorus  and  enters  the 
duodenum. 

What  we  call  gastric  indigestion  may  depend  upon  a  break  at  any  point  in 
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this  process,  i.e.,  the  muscular  movements  of  the  stomach  may  not  be  sufficiently 
active  to  produce  thorough  mixture  of  the  food  and  the  gastric  juice;  the  gastric 
juice  may  not  contain  sufficient  pepsin  to  accomplish  a  normal  result;  the  acid 
content  of  the  gastric  juice  may  be  below  or  above  normal,  and  then  in  either 
case  the  food  may  be  held  too  long  in  the  stomach  and  then  undergo  abnormal 
changes  which  lead  to  more  or  less  disturbing  symptoms  or  distress. 

How  shall  we  account  for  variations  in  gastric  motility?  There  is  a  varia- 
tion that  occurs  normally  and  which  depends  upon  the  nature  of  the  ingested 
food.  For  instance,  carbohydrate  foods  pass  through  the  stomach  most  rapidly, 
proteins  are  next  and  fats  are  slow^est.  W^e  can  say  at  once  then,  that  a  diet  very 
rich  in  fats  will  hinder  the  passage  of  foods  through  the  stomach.  Moreover 
the  ingestion  of  oils  decreases  the  amount  of  gastric  juice,  while  ingestion  of 
proteins  increases  it,  and  carbohydrates  (bread)  produce  a  juice  of  greatest  di- 
gestive power.  These  facts  account  for  the  ordinary  effects  of  dietar\-  indiscre- 
tions which  are  commonly  transient,  but  which  may  persist,  if  the  indiscretions 
are  persisted  in,  and  produce  other  less  transient  effects  resulting  in  structural 
changes. 

Now  it  is  quite  possible  that  these  normal  variations  in  motility  are  the 
result  of  modification  in  the  acid  content  of  the  gastric  juice.  A\'e  know  the 
opening  and  closing  of  the  pylorus  are  due  to  the  reaction  of  the  food,  i.e..  they 
depend  upon  the  presence  of  a  certain  amount  of  free  acid.  We  know  that  in- 
gestion of  carbohydrates  produces  an  abundant  active  secretion,  and  we  know 
that  carbohydrates  are  less  active  in  neutralizing  the  acid  (by  chemical  combina- 
tion) than  the  proteins  which  also  produce  an  abundant  secretion.  A\'e  would 
expect  then,  that  the  carbohydrates  would  pass  through  the  stomach  more  rapidly 
because  they  permit  the  acid  to  accumulate,  and  that  the  proteins  would  remain 
longer  in  the  stomach  because  in  combining  with  the  acid  they  reduce  the  acidity 
of  the  gastric  contents.  Fats  and  oils,  on  the  other  hand,  reduce  the  quantity 
of  juice  and  therefore  the  acid  is  slow  in  accumulating. 

\\'hen  the  emptying  of  the  stomach  is  unduly  impeded,  there  is  opportunity 
for  fermentation  to  occur  in  the  contents.  We  constantly  swallow  bacteria  with 
our  food,  but  commonly  these  organisms  are  rendered  harmless  because  their 
activities  are  hindered  by  the  hydrochloric  acid.  W'ith  a  decrease  of  acid  they 
are  allowed  to  act  upon  the  food,  and  in  doing  this  they  produce  abnormal  acids 
and  gases.  The  former  act  upon  the  mucous  membrane  producing  inflammatory 
effects;  the  latter  produce  distension  or  "bloating." 

Immediately  inflam.mation  is  produced,  an  increased  amount  of  mucus  is 
produced,  and  mucus,  being  alkaline  in  reaction,  neutralizes  more  hydrochloric 
acid,  and  therefore  assists  in  hindering  the  passage  of  food  into  the  intestine. 
The  same  stimulation  which  produces  the  increase  in  mucus,  irritates  the  func- 
tional cells,  so  that  eventually  they  become  fatigued  and  produce  less  secretion. 
The  result  of  this  is  thai  further  fermentations  are  assisted  and  so  (the  disease 
we  call  it)  becomes  chronic.  When  this  stage  is  reached — when  inflammation 
has  become  chronic,  fibrous  tissue  is  produced  in  the  wall  of  the  stomach,  the 
functional  cells  atrophy  and  disappear,  the  mucous  membrane  becomes  thin  and 
gradually  becomes  less  and  less  able  to  produce  the  necessary  amount  of  acid 
or  ferments.     When  this  stage  is  reached,  an  incurable  condition  has  been  pro- 
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duced.  Before  it  is  reached,  there  is  no  incurable  stage, — only  each  more  ad- 
vanced stage  is  less  easily  remedied. 

But  oftentimes  it  is  not  so  much  the  relative  amounts  of  carbohydrates,  pro- 
teins, or  fats  that  is  the  original  cause  of  indigestion.  More  frequently  it  is  the 
quality  of  the  food  or  other  substances  that  gain  entrance  to  the  stomach.  Very 
hot  food  or  drink,  very  cold  drinks,  alcoholic  beverages,  highly  spiced  foods — all 
are  far  more  frequent  causes.  These  act  by  the  virtue  of  their  irritative  action 
on  the  mucous  membrane.  They  produce  hypersecretion  of  mucus  and  the  re- 
ilated  stages  of  fermentation  that  have  already  been  mentioned,  or  they  cause 
hypersecretion  of  gastric  juice  with  subsequent  atrophy  or  hypertrophy  of  the 
mucous  membrane,  resulting  on  the  one  hand  in  absence  of  secretion  or,  on  the 
other,  in  more  or  less  permanent  hypersecretion. 

What  has  been  said  concerning  the  stomacii  applies  with  very  few  varia- 
tions to  the  intestines.  Changes  in  motility,  in  secretion  and  absorption  de- 
pend largely  upon  factors  which  are  introduced  from  without,  and  very  com- 
monly are  associated  with  gastric  disturbances.  Gastric  fermentations  are  prone 
to  lead  to  intestinal  disease,  and  variations  in  gastric  acidity  lead  to  modifications 
in  the  production  of  pancreatic  ferments.  In  the  course  of  these  general  mod- 
ifications which  result  from  gastrointestinal  disease  then  are  produced  the  most 
various  diseased  conditions  in  other  organs  which  cause  the  symptoms  which 
belong  to  what  we  often  call  the  gastrointestinal  intoxications. 

But  all  gastrointestinal  disease  does  not  depend  upon  abnormal  processes 
which  are  primary  in  the  stomach  and  intestines.  Some  are  the  results  of  changes 
which  are  primary  in  the  liver  or  in  the  pancreas.  As  a  result  of  certain  changes, 
quantitative  or  qualitative  variations  in  the  secretions  of  these  organs  are  pro- 
duced, and  these  variations  are  of  far-reaching  importance. 

It  will  be  remembered  that  all  the  above-mentioned  juices  are  poured  into 
the  intestine,  immediately  after  the  entrance  of  the  acid  gastric  chyme  into  the 
duodenum  apparently  as  a  result  of  the  action  of  the  acid.  All  the  intestinal 
secretions  are  alkaline.  They  therefore  tend  to  neutralize  the  acid  of  the  gastric 
juice  and  therefore  they  produce  the  conditions  which  are  necessary  for  open- 
ing of  the  pylorus.  So  long  as  the  duodenal  contents  are  acid,  the  pylorus  re- 
mains closed.  An  insufficient  amount  of  alkaline  juice  from  the  digestive  glands 
tends  to  produce  disease. 

The  activity  of  the  pancreatic  juice  depends  upon  the  activation  of  its  pro- 
teolytic pro-enzymes  by  enterokinase  which  exists  in  the  succus  entericus,  which 
is  caused  to  flow  by  the  presence  of  pancreatic  juice  in  the  intestines.  Absence 
of  enterokinase  tends  to  produce  disease. 

The  flow  of  all  the  intestinal  juices,  pancreatic,  bile  and  succus  entericus,  is 
brought  about  by  the  action  of  the  secretion  (produced  in  the  cells  of  the  in- 
testines by  the  action  of  the  acid  gastric  chyme)  upon  the  cells  of  the  pancreas, 
liver,  and  intestinal  glands.  Absence  of  sufficient  acid  in  the  gastric  juice  tends 
to  produce  lack  of  intestinal  secretion,  and  hence  to  produce  intestinal  disease. 

If  the  pancreatic  juice  is  not  activated,  proteolytic  digestion  suffers.  If  the 
bile  is  not  present  in  sufficient  amounts,  the  utilization  of  the  fats  of  the  food  is 
reduced  or  hindered.  The  conditions  produced  in  this  way  are  ones  that  result 
from  insufficient  preparation  and  absorption  of  food.  The  insufficient  prepara- 
tion allows  of  increased  bacterial  activity  and  tends  to  the  production  of  abnor- 
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mal  substances,  or  substances  in  abnormal  amounts,  which,  being  absorbed,  may 
give  rise  to  intoxications,  providing  they  are  not  neutrahzed. 

But  aside  from  these  there  are  changes  which  occur  in  the  glandular  organs 
themselves  which  produce  similar  effects.  Diseases  of  the  liver,  of  the  pancreas, 
of  the  wall  of  the  intestines,  produce  the  same  effects.  In  this  group  we  have 
the  fibroses  of  the  liver  and  the  bile  passages  which  decrease  the  flow  of  bile  and 
produce  qualitative  changes  in  it.  Inflammation  of  the  pancreas  or  its  ducts  pro- 
duces quantitative  and  qualitative  effects  upon  the  pancreatic  juice  and  similar 
changes  in  the  wall  of  the  intestines  tend  to  reduce  the  formation  of  enterokinase 
and  secretin. 

Just  as  gastrointestinal  disease  may  have  its  starting  point  outside  that  tract, 
in  the  accessory  glands  in  the  abdominal  cavity,  so  also  it  may  have  its  origin  in 
the  mouth.  The  mouth  is  the  most  important  portal  of  infection  of  the  body,  and 
is  perhaps  more  prone,  especially  in  the  years  after  the  first  decennium,  to  in- 
fection than  any  other  part  of  the  body.  Moreover  diseases  of  the  mouth,  espe- 
cially those  in  which  the  teeth  are  involved,  are  every  day  assuming  greater  im- 
portance in  medicine.  It  is  becoming  more  and  more  evident  that  the  lesions  of 
many  accepted  clinical  complexes  are  secondary  to  primary  infections  of  the 
oral  cavity  and  also  that  many  obscure  symptoms  are  the  sequels  of  chronic  focal 
infections  which  in  very  many  cases  are  located  in  the  teeth  or  in  their  surround- 
ing tissues.  Hence  it  is  that  pyorrhea  alveolaris  and  peridental  and  dental  ab- 
scesses are  becoming  of  as  great  importance  to  the  physician  as  to  the  dentist, 
and  that  there  is  every  reason  to  believe  that,  in  certain  directions  at  least,  the 
practice  of  dentistry  will  have  to  be  revolutionized  even  as  medical  views  con- 
cerning the  importance  of  the  mouth  as  a  source  of  generalized  disease  are  being 
changed.  It  is  coming  to  be  realized  that  foci  of  infection  in  or  about  the  mouth 
may  be  the  starting  points  of  such  so-called  diseases  as  rheumatism,  endocarditis, 
appendicitis,  gall-bladder  disease,  gastric  ulcer,  osteomyelitis,  hay  fever,  asthma, 
urticaria,  and  even  certain  goiters.  When  we  say  in  or  about  the  mouth  we  have 
reference  to  the  tonsils,  the  nasal  sinuses  and  antra,  as  well  as  the  teeth  and  peri- 
dental tissues. 

The  reason  why  the  mouth  is  so  apt  to  be  a  primary  source  of  trouble  is 
that  it,  more  than  almost  any  other  part  of  the  body,  is  opposed  to  the  action  of 
external  injuries,  and  that  modern  habits  of  eating  and  drinking  produce  condi- 
tions which,  without  proper  precautions,  lay  the  foundations  for  various  sorts 
of  local  and  general  trouble.  Too  hot  or  too  cold  foods  taken  into  the  mouth  do 
two  things; — they  injure  the  epithelial  surfaces  and  so  predispose  to  infection, 
and  they  tend  to  damage  the  teeth  and  make  them  more  easily  attacked  by  bac- 
teria. Food  which  is  too  carefully  chosen  for  tenderness  and  easy  mastication, 
or  which  is  finely  divided,  tends  to  collect  between  the  teeth  or  along  the  mar- 
gins of  the  gums,  and  there  ferment.  Thereupon  inflammations  or  caries,  or 
both,  result.  The  more  antique  habit  of  not  eating  hash  but  of  exercising  the 
teeth  and  gums  on  the  food  made  the  toothbrush  less  essential  for  health  than  it 
now  is.  Cattle  which  are  fed  on  soft  food, — as,  for  instance,  still  slops, — almost 
exclusively,  have  dental  trouble  that  animals  under  normal  circumstances  never 
have.  It  is  exercise  which  keeps  the  teeth  and  gums  in  good  condition  and  if  this 
cannot  be  accomplished  by  means  of  the  food,  some  other  agent  is  required  and 
this  is  usually  the  toothbrush  assisted  too  frequently  by  the  dentist's  drill.     Den- 
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tal  floss  takes  the  place  of  the  older  meat  fibers  which  stuck  between  the  teeth 
and  had  to  be  picked  out  after  the  prandial  exercises  (or  even  sometimes  dur- 
ing them).    In  this  process  the  spaces  between  the  teeth  were  cleaned. 

From  the  standpoint  of  dentistry  it  is  important  to  remember  that  crowns 
and  bridge-work,  as  they  are  too  commonly  applied,  while  they  may  be  some- 
thing of  a  convenience,  are  nevertheless  a  very  real  danger  in  producing  focal 
and  general  infections  and  intoxications.  To  the  truth  of  this  x-ray  pictures  of 
the  teeth  will  testify.  Any  apparatus  which  tends  to  produce  mechanical  irrita- 
tion is  a  dangerous  one,  for  while  it  is  true  that  foreign  bodies  may  produce  little 
or  no  damage  provided  they  exist  in  aseptic  surroundings,  yet  in  the  presence 
of  infective  organisms  they  act  invariably  to  intensify  the  reaction  between  tis- 
sue and  germ.  A  bridge  which  offers  opportunity  for  the  collection  of  food  and 
bacteria  about  it;  a  crown  or  a  bridge  which  is  attached  to  or  which  covers  a 
tooth  whose  nerve  has  been  killed  (by  which  procedure  the  tooth  itself  has  been 
made  a  foreign  body),  especially  if  complete  sterilization  has  not  been  carried 
out,  is  a  menace  to  the  general  health  of  the  patient,  who  had  far  better  have 
fewer  teeth  than  such  an  appliance.  A  little  macerated  pulp  at  the  bottom  of 
root  canal  and  one  living  bacterium  buried  at  the  bottom  of  a  root  canal  under 
an  impervious  cap  or  filling,  is  not  to  be  preferred  to  a  vacant  space  in  the  tooth 
line.  It  is  under  such  conditions  that  root  and  alveolar  abscesses  develop  and  re- 
main for  long  periods  of  time  affecting  the  health  of  the  individual  by  produc- 
ing bacteria  and  toxins  to  enter  the  blood  stream  by  which  they  are  carried  to 
the  heart,  central  nervous  system,  muscles,  bones,  or  other  tissues  and  organs. 
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Death  by  Strangulation 


MEDICO-LEGALLY  it  is  desirable  to  distinguish  between  hanging  and 
strangulation,  because  most  of  the  cases  of  hanging  which  the  expert  is 
called  upon  to  investigate  are  suicidal ;  while  death  from  strangulation  is  gen- 
erally homicidal.     Strangulation  is  defined  by  Tardieu  as   "an  act  of   violence 
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in  which  constriction  is  appUed  directly  to  the  neck,  either  around  it  or  in  the 
fore  part,  so  as  to  prevent  the  passage  of  air  and  thereby  suddenly  suspending 
respiration  and  life."  As  has  been  pointed  out  by  Taylor,  this  definition  in- 
cludes hanging,  but  as  the  same  author  goes  on  to  say,  "while  there  is  only  one 
method  of  producing  death  by  hanging,  there  are  various  methods  of  produc- 
ing death  from  strangulation.  A  person  may  be  strangled  by  the  use  of  a  cord, 
band,  or  ligature  drawn  tightly  around  the  neck,  or  by  manual  violence  to  the 
front  of  the  neck,  whereby  respiration  is  prevented." 

Suicidal  strangulation  is  possible,  but  is  exceedingly  rare.  The  question 
has  been  asked  many  times  whether  or  not  it  would  be  possible  for  one  to  com- 
press his  own  windpipe  to  the  extent  of  inducing  death.  On  the  negative  of 
this  question  it  is  argued  that  as  soon  as  the  period  of  unconsciousness  is  reached, 
— possibly  before  this  time — the  fingers  will  lose  their  power  of  compression, 
air  will  again  pass  through  the  larynx,  and  death  will  not  result.  This  argu- 
ment is  probably  correct,  but  it  would  be  possible  for  a  person  to  pass  a  cord 
a  number  of  dmes  around  his  neck  and  then  by  pulling  on  both  ends  kill  him- 
self, because,  on  account  of  the  number  of  coils,  the  pressure  would  not  be  re- 
lieved when  the  hands  ceased  to  pull.  Indeed,  cases  of  suicide  by  strangulation 
in  this  way  have  been  reported.  Another  method  of  suiciding  by  strangulation 
is  to  pass  a  cord  around  the  neck,  then  put  a  stick  of  some  kind  between  the 
cord  and  the  neck,  and  twist  the  stick.  Several  cases  of  suicide  by  this  method 
have  been  recorded.  Possibly  there  are  other  maneuvers  which  might  be  re- 
sorted to  with  success  in  the  accomplishment  of  this  purpose.  However,  un- 
less there  be  some  direct  and  positive  evidence  that  the  act  has  been  self-com- 
mitted, it  is  to  be  presumed  that  death  from  strangulation  is  homicidal.  It  is 
very  easy  for  a  strong  man  to  so  compress  the  larynx  of  a  child  or  a  woman 
with  his  fingers  as  to  prevent  any  cry  for  help,  and  to  induce  death  wdthin  a 
few  minutes.  In  fact  this  method  which  has  been  resorted  to  for  the  purpose 
of  robbery  and  murder,  is  so  well  known  that  a  special  name  has  been  given 
to  it,  and  it  is  designated  as  the  crime  of  "garroting"  on  account  of  its  resem- 
blance to  the  Spanish  method  of  executing  criminals.  The  garrot  consists  of 
a  brass  collar,  which  is  placed  about  the  neck  and  gradually  tightened  by  a 
screw  behind.  This  screw  has  a  sharp  point  and  it  not  only  tightens  the  collar 
but  pierces  the  spine. 

When  death  has  been  caused  by  strangulation  with  the  hands  there  are 
usually  external  marks  to  indicate  the  nature  of  the  injury.  In  fact  the  mur- 
derer who  employs  this  method  generally  uses  more  violence  than  is  necessary. 
He  frequently  tears  the  flesh  with  his  nails,  bruises  the  soft  tissue,  and  in  many 
instances  crushes  the  cartilaginous  structure  (if  the  larynx.  In  some  instances 
the  injury  thus  done  is  so  great  that  it  is  quite  evident  that  it  could  not  be  self- 
inflicted.  Frequently  the  hyoid  bone  is  fractured.  In  a  case  of  this  kind  Schiip- 
pel  proved  that  death  had  been  thus  caused  in  the  body  of  a  child  aged  ten  who 
was  found  in  the  debris  of  a  burned  Vmilding. 

Homicidal  strangulation  may  be  accomplished  by  the  powerful  hand  of  the 
murderer  or  by  means  of  a  cord  or  rope.  \\'hen  something  is  placed  about 
the  neck,  and  death  is  induced  by  tightening  or  twisting  this,  the  victim  usually 
struggles  sufficiently  to  produce  evidences  of  violence.     When  the  cord  is  small 
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it  may  cut  the  neck  deeply,  and  indeed  this  may  be  accomplislied  when  a  hand- 
kerchief is  used  for  strangulation  by  bringing  the  constriction  to  bear  solely 
upon  one  hem  or  by  twisting  the  handkerchief  and  thus  converting  it  into  a 
cord.  In  some  rare  instances  where  death  has  been  induced  by  strangulation, 
the  murderer  has  attempted  to  make  it  appear  that  the  injury  has  been  self- 
inflicted,  but  usually  these  attempts  overstep  themselves,  and  aid  in  detecting 
the  crime.  Sometimes  the  medical  expert  is  asked  whether  death  was  caused 
by  strangulation  or  induced  in  some  other  way.  and  the  injury  to  the  neck  in- 
flicted subsequently.  This  question  is  not  always  easy  to  answer.  So  far  as 
external  appearances  are  concerned,  the  presence  of  ecchymoses  on  the  neck, 
protrusion  of  the  eyeballs  and  of  the  tongue,  together  with  a  livid,  swollen  ap- 
pearance of  the  face,  constitute  marked  indications  of  death  from  strangula- 
tion. However,  Caspar  has  pointed  out  that  a  ligature  applied  about  the  neck 
within  an  hour  or  two  after  death  may  cause  ecchymoses  which  cannot  be  dis- 
tinguished from  those  produced  during  life,  and  there  may  be  protrusion  of  the 
eyes,  lividity  and  swelling  of  the  face  and  extrusion  of  the  tongue  in  death  from 
other  causes.  So  far  as  evidence  furnished  by  postmortem  examination  is  con- 
cerned, it  may  be  stated  that  this  may  be  of  the  greatest  value.  As  a  rule  the 
lungs  are  congested  and  some  of  the  more  superficial  of  the  air  cells  may  be  rup- 
tured, leading  to  a  more  or  less  extensive  emphysema,  and  giving  to  the  sur- 
face of  the  lungs  a  mottled  appearance  with  patches  covered  with  thin  white 
layers  of  tissue  from  which  when  punctured  air  escapes.  While  this  is  the 
usual  condition  after  death  from  strangulation,  it  is  not  constant.  \\'hen  pres- 
ent and  accompanied  by  evidences  of  external  violence  applied  to  the  neck,  the 
proof  of  death  by  strangulation  is  positive,  but  when  absent  we  cannot  say  that 
death  has  not  been  caused  by  strangulation.  Moreover  postmortem  examina- 
tions in  these  cases  are  frequently  not  made  until  after  many  days,  and  putre- 
factive changes  may  be  such  as  to  confuse  the  most  experienced  expert.  After 
death  from  strangulation  the  heart  presents  no  constant  or  uniform  condition, 
although  it  generally  contains  fluid  blood,  and  the  right  side  is  more  prominently 
distended  than  the  left.  The  brain  is  congested,  as  it  is  in  most  all  cases  of 
death  from  asphyxia. 

When  the  expert  is  called  upon  to  examine  a  body  supposed  to  have  been 
strangled  he  must  make  most  careful  examination,  not  only  of  the  neck,  but  of 
ever)'  part  of  the  surface  for  evidences  of  external  violence.  He  should  give 
attention  to  the  limbs,  especially  the  legs,  wrists  and  arms.  The  murderer  is 
likely  to  hold  the  hands  of  his  victim,  or  to  throw  him  by  striking  his  feet  from 
under  him.  In  garroting,  the  murderer  frequently  presses  upon  the  chest  of 
his  victim,  sometimes  upon  the  abdomen.  It  not  infrequently  happens  that  on 
account  of  such  pressure  vomiting  results,  and  after  death  vomited  matters  may 
be  found  in  the  pharynx,  and  even  in  the  lar^^nx.  In  case  the  victim  is  a  female, 
evidences  of  injury  to  the  sexual  organs  should  be  sought  for  and  any  other 
indications  of  rape  should  not  be  overlooked.  If  wounds  be  found  the  ques- 
tion arises  as  to  whether  it  would  be  possible  for  them  to  be  accidental  or  self- 
inflicted.  In  many  cases  of  death  from  strangulation  it  is  well  to  examine  the 
stomach  for  poisons,  especially  those  of  narcotic  action,  inasmuch  as  the  homi- 
cide sometimes  resorts  to  these  for  the  purpose  of  rendering  his  victim  help- 
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less.  The  presence  of  a  cord  or  rope  about  the  neck  should  not  always  be  con- 
sidered proof  that  death  has  resulted  from  either  strangulation  or  hanging. 
There  are  several  cases  upon  record  in  which  the  murderer  after  accomplishing 
his  purpose  in  some  other  way  has  placed  a  rope  or  a  cord  about  the  neck  of 
his  victim  in  order  to  make  it  appear  that  death  by  hanging  had  been  self-in- 
flicted. 

Strangulation  With  a  Cord.- — The  word  cord  is  used  here,  to  mean  any- 
thing that  is  long  enough  and  pliable  enough  to  be  twisted  about  the  neck.  The 
things  used  in  strangulation  are  almost  as  diverse,  probably  not  quite  so,  as  in 
hanging.  There  is  this  fundamental  difference  between  hanging  and  cord  stran- 
gulation, in  the  former  the  force  that  compresses  the  neck  and  causes  death  is 
the  weight  of  the  body,  fully  or  only  partially  applied,  while  in  the  latter  the 
weight  of  the  body  is  in  no  way  concerned  and  the  active  force  is  that  used  in 
tightening  the  cord  about  the  neck  and  is  exerted  through  the  hands  of  the 
suicide  or  the  murderer  as  the  case  may  be.  As  a  rule,  in  hanging  the  cord 
is  placed  directly  under  the  chin,  above  the  larynx  or  over  its  upper  portion 
and  between  the  thyroid  cartilage  and  the  hyoid  bone.  In  strangulation  the  cord 
is  usually  placed  lower  down,  just  above,  immediately  across  or  just  below  the 
thyroid.  In  hanging,  with  one  exception,  the  lowest  part  of  the  cord  is  in  front, 
and  in  each  side  it  passes  backward  and  upward.  The  exception  is  when  one 
hangs  himself  in  a  horizontal  position,  especially  with  his  face  downward.  In 
strangulation  the  cord  lies  nearly  or  quite  horizontally.  In  hanging  the  passage 
of  air  is  prevented  by  the  base  of  the  tongue  being  carried  back  against  the 
posterior  wall  of  the  pharynx,  while  the  posterior  nares  are  tamponed  by  the 
soft  palate  and  the  apex  of  the  larynx  is  carried  upward  and  backward.  In 
strangulation  the  tongue  and  soft  palate  may  not  be  materially  aft'ected  in  posi- 
tion. The  exclusion  of  air  is  more  speedily  and  completely  secured  in  hanging 
than  in  suffocation.  In  hanging  the  interruption  of  the  flow  of  blood  is  com- 
plete; the  jugular  veins,  the  carotid  and  vertebral  arteries  are  all  occluded.  In 
strangulation  the  veins  are  soon  occluded,  the  carotids  slowly  and  often  only 
partially,  while  the  vertebral  arteries  are  never  closed.  The  insult  to  the  vagus 
center  through  the  superior  laryngeal  may  be  the  same  in  hanging  and  in  cord 
strangulation.  The  phenomena  of  death  are  much  the  same  in  the  two,  but 
they  proceed  more  slowly  in  strangulation,  the  stage  of  dyspnea  is  prolonged, 
consciousness  is  not  so  quickly  lost  and  death  is  not  so  sudden.  When  the  cord 
is  placed  across  the  thyroid,  much  force  is  necessary  and  in  the  majority  of 
instances  the  arrest  of  the  air  stream  is  not  complete.  The  vertebral  arteries 
still  carry  some  oxygenated  blood  into  the  brain  and  consequently  the  arrest  of 
brain  function  is  not  so  abrupt  as  it  is  in  hanging.  With  the  flow  of  blood 
into  the  brain  only  partially  arrested  while  the  return  is  wholly  stopped,  engorge- 
ment of  this  organ  necessarily  follows.  It  must  not  be  inferred  from  the  above 
that  death  cannot  be  speedily  induced  by  strangulation,  and  it  is  only  by  com- 
parison that  the  death  agony  can  be  said  to  be  prolonged.  In  death  by  hang- 
ing the  loss  of  consciousness  is  instantaneous,  in  the  more  violent  forms  of 
strangulation  it  may  be  measured  in  seconds,  but,  under  ordinary  conditions, 
in  minutes. 

The  postmortem  appearances  after  death  from  cord  strangulation  usually  dif- 
fer quite  markedly  from  those  observed  in  hanging.     Externally  there  is  venous 
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engorgement  of  the  scalp  and  face,  and.  in  short,  of  every  part  above  the  cord. 
The  cord  grooves  or  marks  may  be  one  or  more,  depending  upon  the  number 
of  times  the  cord  has  been  brought  about  the  neck.  These  may  be  narrow  and 
deep  or  broad  and  superficial  depending  upon  the  nature  of  the  cord  and  the 
degree  of  force  applied.  As  has  been  stated  the  cord  grooves  lie  lower  than  in 
hanging  and  pass  around  the  neck  horizontally.  Usually  the  track  of  the  cord 
can  be  traced  wholly  around  the  neck,  over  the  back  as  well  as  along  the  throat. 
Since  the  body  is  not  suspended  hypostatic  ecchymoses  so  prominently  seen  on 
the  dependent  portions  of  the  suspended  corpse  are  lacking  or  are  to  be  found 
on  the  back  if  the  corpse  has  been  for  some  hours  in  a  supine  position. 

According  to  Renter^  there  are  two  groups  of  marked  blood  extravasations 
quite  generally  present  after  death  from  cord  strangulation.  The  first  is  in  the 
neighborhood  of  the  strangulation  groove,  generally  above  it,  and  consists  of 
hemorrhages  in  the  cervical  muscles,  their  sheaths,  the  intermuscular  tissue,  the 
capsule  of  the  thyroid  and  under  the  perichondrium  of  the  laryngeal  cartilages. 
These  are  supposed  to  be  due  to  the  direct  pressure  of  the  cord.  The  second 
group  is  quite  removed  from  the  line  of  the  cord  and  is  distributed  at  points 
of  greatest  congestion,  as  near  the  angle  of  the  lower  jaw,  in  the  floor  of  the 
mouth,  in  the  tonsils,  and  in  the  connective  tissue  behind  the  trachea.  Fracture 
of  the  laryngeal  hyoid  framework  is  not  frequent,  but  one  may  find  fracture  of 
the  thyroid  and  annular  cartilages,  less  frequently  of  the  arch  of  the  hyoid 
bone.  Seldom  hemorrhage  into  the  sheaths  of  the  blood  vessels  is  found  and 
rupture  of  the  intima  has  been  reported  only  once   (Ziemke). 

On  dissection,  congestion  is  prominent,  especially  in  the  brain  and  soft 
parts  of  the  skull ;  moreover,  the  mucous  membrane  of  the  pharynx,  the  base 
of  the  tongue  and  the  esophagus  is  congested  and  often  shows  numerous  ecchy- 
moses. Sometimes  the  surface  of  the  trachea  is  covered  with  a  white  or  blood- 
stained foam  that  results  from  a  pulmonar}'  edema  due  to  the  prolonged 
dyspnea. 

It  seems  to  be  generally  believed  that  suicide  by  strangulation  with  a  cord 
is  a  difficult  feat,  and  it  is  true  that  the  majority  of  deaths  from  this  cause  are 
not  self-inflicted.  However,  the  number  of  suicides  in  this  manner,  while  less 
than  the  number  of  murders,  makes  up  from  20  to  30  per  cent  of  the  total  deaths 
from  this  cause,  and  possibly  if  the  strangulation  of  the  newly  born  be  excepted, 
the  percentage  of  suicides  is  larger.  The  courage  and  resolution  displayed  by 
the  suicide  in  this  direction  are  quite  remarkable,  even  the  use  of  a  stick  to 
make  the  pressure  greater  by  twisting  the  cord  has  been  resorted  to  not  only 
in  murder  but  in  suicide.  A  case  is  reported  in  which  a  woman  used  her  own 
hair  to  strangle  herself.  It  will  be  seen  that  the  question  between  suicide  and 
murder  is  not  always  an  easy  one.  The  strangulation  of  young  children  in  this 
manner  is  either  homicidal  or  accidental,  generally  the  former.  In  adults  it 
may  be  suicide  or  murder,  more  frequently  the  latter.  In  twenty-two  cases  re- 
ported by  Renter,  seven  were  suicide.  The  kind  of  knot  has  in  two  instances  at 
least  given  a  clue  to  the  hand  that  tied  it.  In  one  of  them  Tardieu  recognized 
the  knot  as  one  used  by  artillerymen  and  this  led  to  the  arrest  of  the  right  man ; 
in  another  the  knot  was  that  employed  in  a  factory  where  shawls  were  made 
and  this  enabled  Hofmann  to  show  that   it  was  suicide.     In   murder   the  vio- 
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lence  of  the  act  is  generally  greater  and  death  more  speedy.  On  account  of 
the  greater  violence  more  local  injury  is  done  and  this  shows  itself  in  more 
frequent  fractures.  On  account  of  the  more  speedy  death  the  cyanosis  of  the 
face  and  the  congestion  of  the  scalp,  soft  parts  of  the  skull  and  the  brain  is 
less  marked  in  murder  than  in  suicide.  In  murder,  especially  when  the  victim 
is  an  adult,  other  injuries  are  often  done,  such  as  those  that  result  from  blows 
on  the  head  and  stab  wounds  of  the  chest.  However  caution  must  be  exercised 
here  for  the  desperate  man  intent  on  suicide  may  wound  and  bruise  himself 
severely  before  completing  his  task  by  strangulation.  The  marks  upon  chil- 
dren when  killed  by  strangulation  are  often  slight  compared  with  those  seen 
in  adults.  This  follows  from  the  helplessness  of  the  victim,  the  feeble  efforts 
made  to  free  itself,  the  softness  of  the  tissue,  the  use  of  a  broad  cord,  and  espe- 
cially to  the  fact  that  suffocation  is  often  combined  with  strangulation. 

Accidental  death  by  cord  strangulation  may  happen  and  some  interesting 
cases  have  been  reported.  Smith  tells  of  a  boy  who  was  accustomed  to  carry 
a  weight  suspended  about  his  neck.  One  day  he  was  found  dead  in  his  chair; 
the  weight  had  fallen  pulling  the  cord  tight  about  his  throat.  Taylor  reports 
the  case  of  a  girl  who  was  carrying  a  heavy  basket  suspended  from  her  shoul- 
ders to  market.  She  climbed  onto  a  wall  and  sat  down  to  rest,  the  basket  fell 
behind  her  pulling  the  cord  about  her  throat  and  strangling  her  to  death. 

The  differentiation  between  hanging  and  cord  strangulation  is  usually  easily 
made  by  the  direction  of  the  cord  groove,  as  has  already  been  pointed  out,  but 
when  one  hangs  himself  while  lying  on  his  face,  in  which  case  the  lines  will  be 
horizontal  and  if  the  rope  has  been  twice  passed  about  the  neck  the  groove  may 
extend  ail  the  way  around. 

Renter  formulates  the  following  as  typical  evidences  of  death  by  cord  stran- 
gulation : 

1.  Cyanosis  of  the  face  with  or  without  ecchymoses. 

2.  Numerous  ecchymoses  on  the  lids  and  conjunctiva. 

3.  Congestion  of  the  scalp,  brain  and  the  meninges. 

4.  Hemorrhages  in  the  soft  tissues  of  the  throat,  which  lie  either  near 
or  above  the  strangulation  grooves  and  in  the  sheaths  of  the  cervical  muscles, 
in  the  intermuscular  connective  tissue,  and  under  the  perichondrium  of  the 
laryngeal  cartilages,  or  removed  from  the  strangulation  groove  and  near  the 
angle  of  the  lower  jaw,  in  the  floor  of  the  mouth,  in  the  tonsils  and  in  the 
mucous  membrane  of  the  pharynx. 

5.  Marked  injection  of  the  mucous  membrane  of  the  upper  air  passages 
together  with  numerous  small  ecchymoses. 

Strangulation  zvitli  the  Hand. — When  the  larynx  is  seized  laterally  between 
the  thumb  and  fingers,  as  has  been  shown  by  the  investigations  of  Langreutcr,= 
it  is  easily  compressed,  much  more  readily  than  when  the  pressure  is  directly 
backwards.  This  lateral  pressure  is  the  most  efticient  agem  in  the  causation  of 
death  by  strangulation  with  the  hand.  In  fact,  however,  the  pressure  is  gen- 
erally not  exclusively  from  the  sides  but  at  the  same  time  upwards  and  back- 
wards. Theoretically  the  ends  of  the  fingers  and  thumb  are  in  position  in  this 
act  to  compress  the  large  vessels  of  the  neck,  but  actually  this  seldom  occurs, 
but  it  does  occur  in  exceptional  instances.     Ziemke  states  that  repeatedly  in  this 
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form  of  strangulation  in  the  newly  born  he  has  found  hemorrhages  in  the  vas- 
cular sheaths  and  in  one  case  he  observed  rupture  of  the  intima  of  the  right 
carotid  identical  with  that  much  more  frequently  seen  in  death  from  hang- 
ing. Irritation  of  the  superior  laryngeal  nerve  is  more  pronounced  in  this  form 
of  violence  than  in  either  hanging  or  in  strangulation  with  a  cord.  Animal 
experiments  have  shown  that  mechanical  irritation  of  this  nerve  may  cause  sud- 
den arrest  of  either  the  heart  or  the  respiratory  movements.  Hofmann  observed 
like  effects  on  compressing  with  his  fingers  the  larynx  of  a  tracheotomized  dog. 
Indeed,  he  found  that  a  single  short  compression  of  the  larynx  sufficed  to  tem- 
porarily arrest  respiration  and  that  continued  pressure  caused  dyspnea  to  fol- 
low the  temporary  arrest.  Indeed  pressure  or  other  injury  to  the  larynx  may 
cause  death  through  the  nerves  without  closure  of  the  windpipe.  Brouardel 
tells  of  a  girl  being  killed  by  a  light  blow  on  the  larynx  and  he  speaks  of  this  as 
an  instance  of  laryngeal  shock.  However,  death  is  seldom  due  to  nervous  in- 
sult only  and  fracture  of  the  laryngeal  cartilages  occurs  in  most  instances  of 
death  from  strangulation  with  the  hand.  It  has  been  claimed  that  death  has  re- 
sulted from  merely  grasping  a  man  by  the  larynx  but  in  these  instances  it  is 
more  than  probable  that  the  force  of  the  grasp  has  been  underestimated.  Frac- 
ture of  the  thyroid  is  not  uncommon  and  it  seems  that  in  the  aged  this  car- 
tilage may  become  exceedingly  brittle.  The  mechanism  of  death  by  strangula- 
tion involves  in  most  cases  more  or  less  marked  injury  to  the  larynx  or  thyroid 
with  the  effect  through  the  nerve  and  in  rare  instances  compression  of  the  blood 
vessels.  In  lateral  compression  death  may  be  wholly  due  to  occlusion  of  the  air 
passage. 

After  death  from  this  form  of  strangulation  the  face  is  cyanotic ;  there  are 
ecchymoses  in  the  skin  and  especially  in  the  eyelids  and  the  conjunctiva;  marked 
congestion  of  the  scalp,  soft  parts  of  the  skull,  the  brain  and  the  meninges ;  there 
are  also  ecchymoses  in  the  mucous  membrane  of  the  air  passages  and  in  the 
viscera. 

The  most  characteristic  external  effects  of  this  manner  of  death  are  seen 
in  the  marks  left  by  the  finger  nails  on  the  throat.  As  a  rule  these  marks  are 
more  numerous  on  the  left  side,  because  on  this  side  are  placed  the  fingers  of 
the  assailant  provided  he  be  right  handed.  It  must  not  be  supposed  that  the 
thumb  makes  only  one  mark,  or  that  the  fingers  always  make  four  and  no  more. 
As  the  assailant  tightens  his  grasp  and  his  thumb  and  fingers  press  the  soft 
parts  in,  the  marks  made  upon  either  or  both  sides  may  be  numerous.  More- 
over, when  the  victim  is  strong  enough  to  make  any  decided  resistance  there 
may  be  scratches  over  the  face  and  about  the  throat  quite  removed  from  the 
larynx.  Rarely  there  are  marks  in  those  who  have  met  death  by  hanging  or 
by  cord  strangulation  that  may  have  the  appearance  of  scratches  caused  by  the 
finger  nails.  Liman  reports  a  case  of  this  kind  in  one  hanged  and  on  investiga- 
tion he  found  that  they  were  due  to  small  buttons  on  the  cord  that  had  been 
used  by  the  suicide.  Scratches  with  the  fingers  are  not  likely  to  lie  in  the  same 
plane  but  are  unevenly  distributed.  The  finger  marks  may  be  wholly  wanting 
when  some  article  of  clothing  lies  between  the  hand  of  the  assailant  and  the 
throat  of  the  victim  and  the  story  is  told  of  a  villain  who  had  repeatedly  prac- 
ticed this  form  of  murder  and  that  he  always  did  it  with  a  gloved  hand.     Brou- 
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ardeP  reports  a  death  from  choking,  in  which  attempt  the  skin  showed  no 
marks.  There  were  extensive  hemorrhages  in  the  deeper  tissues,  and  two  sim- 
ilar cases  have  been  observed  by  Messerer.* 

The  hemorrhages  found  on  dissecting  the  throat  of  one  murdered  in  this 
way  are  more  extensive  than  those  after  either  hanging  or  cord  strangulation. 
They  usually  lie  in  and  between  the  muscles,  in  the  tissues  of  the  thyroid  and 
in  some  cases  in  the  submaxillar}'  salivarv'  glands.  In  nineteen  cases  Reuter 
found  hemorrhages,  in  eleven  in  the  cervical  muscles,  and  especially  in  the  tis- 
sue of  the  thyroid,  four  times  in  the  tonsils  and  pharynx,  and  seven  times  in  the 
larynx.  Laceration  of  the  muscles  has  not  been  reported,  but,  as  has  been 
stated,  fracture  of  the  cartilages  is  frequent.  The  fractures,  however,  are  more 
common  in  the  aged,  and  in  the  newly  born  they  may  not,  and  often  do  not, 
exist.  Fracture  of  the  hyoid  bone  is  rare  and  the  trachea  is  not  often  injured. 
Patenko^  has  studied  the  mechanism  of  fractures  of  the  larynx  in  choking  and 
concludes  that  in  some  persons  ossification  of  these  cartilages  begins  as  early 
as  35  years  of  age  and  mav  progress  to  such  an  extent  that  fracture  is  relatively 
easy.  It  must  not  be  inferred  that  fracture  of  the  larynx  in  the  young  may 
not  be  caused  by  choking  and  such  a  case  has  been  reported  by  vStolfer*^  in  a 
youth  of  15. 

With  the  exception  of  the  unique  case  reported  by  Binner"  there  is  no 
known  instance  of  suicide  by  strangulation  with  the  hands.  \\'hen  the  larynx 
is  compressed  by  one's  own  hand,  the  hand  loses  its  grip  before  death  is  reached. 
The  case  reported  by  Binner  is  interesting  but  is  doubtful.  A  woman  w^ho 
was  known  to  have  tried  to  choke  herself  was  found  dead  in  a  squatting  posture 
by  the  side  of  her  bed.  Her  elbows  rested  on  her  knees  and  pressed  against 
the  side  of  the  bed.  Her  hands  formed  a  fork  in  which  rested  her  throat  while 
her  head  hung  forward  and  downward. 

This  form  of  strangulation  being  always  homicidal  is  often  combined  with 
other  injuries  to  the  body.  Tiie  assailant  knocks  his  victim  down  or  pushes  him 
over,  then  with  his  knee  on  the  chest  he  proceeds  to  strangle  him.  The  pressure 
on  the  chest  may  cause  a  bruise  or  an  abrasion  and  not  infrequently  fracture  of 
one  or  more  ribs.  Again,  the  assailant  wounds  his  victim  by  a  blow  on  the 
head  or  a  stab  in  the  chest  and  then  strangles  him  while  lying  in  a  helpless 
state.  In  some  instances  strangulation  with  the  hand  is  completed  with  a  cord, 
or  death  having  been  caused  by  the  former  the  murderer  may  fasten  a  cord 
about  the  neck  of  his  victim  to  make  it  appear  that  he  has  suicided.  The  dif- 
ferential diagnosis  between  strangulation  by  the  hand  and  by  the  cord  is  easy 
when  the  external  marks  are  distinct  and  distinctive,  otherwise  quite  difficult. 
Reuter  is  of  the  opinion  that  the  more  profuse  extravasations  of  blood  after 
death  by  the  hand  and  their  locations,  especially  in  the  tisMic  of  the  thyroid,  the 
submaxillary  glands  and  the  tonsils,  are  sufficiently  characteristic  to  justify  a 
diagnosis.  They  certainly  are  if  the  external  markings  are  confirmatory,  other- 
wise they  arc  not.  There  are  several  rejiorted  cases  in  which  the  murderer 
has  suspended  the  corpse  of  his  victim  in  order  to  awaken  the  suspicion  of  sui- 
cide, but  fortunately  the  difl^erential  diagnosis  between  hanging  and  strangula- 
tion by  the  hand  is  generally  finite  easy  and  certain.  In  the  first  place  a  com- 
parison of  the  external  marks  about  the  throat  is  usually   sufficient,  but   the.se 
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failing,  the  differences  found  on  dissection  of  the  tliroat  are  likely  to  be  satis- 
factory. Fracture  of  the  annular  cartilages  and  of  the  thyroid  and  large  blood 
extravasations  in  the  soft  parts  of  the  throat  are  very  rare  in  death  by  hang- 
ing, and  indeed,  occur  only  with  a  long  drop,  while  they  are  practically  com- 
mon and  certainly  are  typical  in  strangulation  by  the  hand.  Strassmann  re- 
ports a  case  of  a  woman  found  hanging  in  an  open  sling  of  soft  cloth.  ITie 
external  throat  marks  were  not  distinctive,  but  dissection  showed  double  frac- 
ture of  the  annular  cartilages,  fracture  of  the  superior  bone  of  the  thyroid  and 
four  hemorrhages  in  the  mucous  membrane  of  the  larynx.  After  these  findings 
he  did  not  hesitate  to  testify  that  death  had  been  induced  by  strangulation  with 
the  hand  and  not  by  hanging.  Wilhelmi^  was  able  from  the  presence  of  frac- 
tures and  their  nature  to  show  that  a  woman  who  had  been  found  suspended 
had  actually  been  strangled  by  hand,  and  in  this  instance  the  body  was  not  ex- 
amined until  it  had  been  in  the  grave  for  five  and  one-half  weeks. 
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The  Nephroses 

nPHE  term  nephrosis  is  an  inclusive  one.  It  includes  all  the  diseases  (except 
J-  tumors)  from  which  the  kidneys  suffer,  from  mere  edema  to  the  true  in- 
flammations, whether  suppurative  or  nonsuppurative.  It  therefore  includes  what 
we  speak  of  as  nephritis,  or  Bright's  disease. 

The  term  nephritis  includes  two  conceptions :  one  of  them  clinical,  the  other 
histological,  or  anatomic.  Clinically  it  means  the  presence  of  certain  qualitative 
or  quantitative  urinary  variations,  which  are,  generally  speaking,  increase  or 
decrease  of  the  total  amount  of  urine  and  the  presence  of  albumen  and  casts 
in  the  urine.  In  the  anatomic  sense  it  means  this  and  something  more.  It 
means  inflammation,  which  is  to  say  the  kidney  is  the  seat  of  certain  vascular 
and  perivascular  changes  which  we  associate  with  a  very  distinct  histologic  pic- 
ture, in  which  vascular  dilatation,  congestion,  and  exudation  are  in  the  fore- 
ground. Albumen  and  casts  in  the  urine  may  be  produced  by  anv  process  which 
disturbs  sufficiently  the  nutrition  (or  metabolism)  of  the  renal  cells.  Inflamma- 
tion is  one  such  process.  Mere  local  acidosis,  which  produces  edema  without 
the  signs  of  inflammation  is  another. 

There  are  three  main  types  of  renal  lesions,  the  simple  nephroses,  includ- 
ing simple  edema  and  simple  necrosis ;  the  inflammator>^  nephroses  or  nephriti- 
des ;  and  the  disuse  nephroses,  including  the  arteriosclerotic  and  renal  atrophies. 

THE   SIMPI^E    NEPHROSES. 

This  group  is  one  which  is  fundamentally  the  most  important.  In  it  are 
mcluded  all  those  types  of  renal  disturbance  which  are  the  result  of  partial  or 
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complete  lack  of  oxygen,  from  the  edema  of  the  athlete,  and  that  of  the  sol- 
dier on  the  march,  both  of  which  are  benign  and  transient,  to  the  sudden  com- 
plete necrosis  of  infarction.  In  it  belong  the  so-called  "alterative  nephritides" 
of  certain  texts,  and  the  toxic  necrotic  conditions  which  are  the  result  of  the 
action  of  organic  or  inorganic  poisons.  In  all  these  albumen  and  casts  appear 
ni  the  urine ;  in  all  the  quantity  of  urine  is  diminished.  The  main  difference  that 
needs  mention  in  discussing  these  simple  nephroses,  is  that  in  the  kidney  of 
edema,  the  organ  may  return  to  a  completely  normal  condition  very  rapidly ; 
in  the  toxic  degenerated  and  in  the  infarcted  kidney  the  chances  are  that  this 
does  not  occur,  but  that  an  increase  of  scar  tissue  is  formed  as  a  part  of  a 
secondary  inflammatory  process.  In  the  case  of  infarcts  the  scarring  is  local- 
ized ;  in  cases  of  certain  chemical  intoxications  it  is  diffuse. 

It  may  be  interesting  in  connection  with  these  simple  nephroses  to  recall 
Osier's  remark,  that  "ever>'  case  in  which  albumen  is  present  must  not  be 
called  acute  Bright's  disease,  not  even  if  tube-casts  be  present.  Thus  the  com- 
mon febrile  albumenuria,  although  it  represents  the  first  link  in  the  chain  of 
events  leading  to  acute  Bright's  disease,  should  not  be  placed  in  the  same  cate- 
gory." 

THE   ATROPHIES. 

Similar  in  some  respects  to  tlie  simple  nephroses  are  the  atrophies.  These, 
like  the  former,  depend  for  their  urinary  phenomena  upon  lack  of  oxygen,  but 
the  cause,  in  this  instance,  lies  not  in  the  composition  of  the  blood,  but  in  the 
condition  of  the  blood  vessels,  which  have  been  so  changed  by  one  or  another 
factor,  that  the  blood,  qualitatively  perfect  though  it  be,  does  not  reach  the  cells 
in  sufficient  amounts  to  keep  them  at  a  physiologically  active  level.  What  hap- 
pens to  the  kidney  in  arteriosclerosis  of  a  simple  type,  is  exactly  what  would 
happen  to  the  kidney  of  a  moderate  simple  edema,  provided  the  edema  were 
chronic,  which  is  to  say,  provided  the  circulatory  conditions  remained  the  same. 
In  the  renal  edema  of  the  sprinter  the  oxygen  supply  in  the  blood  is  not  quite 
sufficient  for  the  cells  of  the  kidney.  In  the  arteriosclerotic  kidney,  the  oxygen 
in  the  blood  is  sufficient  but  it  cannot  reach  the  cells  rapidly  enough.  The  re- 
sult of  this  decreased  access  of  the  cells  to  oxygen  is  that  they  undergo  atrophy, 
become  smaller,  and  some  of  them  disappear,  or,  if  the  progress  of  the  vascular 
disease  is  somewhat  more  rapid,  they  undergo  degeneration  and  disappear,  and 
in  vanishing  leave  the  stroma  of  the  organ  apparently  more  abundant,  relatively 
increased,  and  this  tends  to  produce  the  appearance  of  sclerosis  or  fibrosis  in 
the  organ.  Actually  such  an  atrophic  organ  contains  no  more  fibrous  tissue 
than  a  normal  organ, — it  merely  possesses  less  parenchyma. 

THE    NEPHRITIDES, 

This  group  of  the  nephroses  is  characterized,  so  far  as  the  renal  parenchyma 
is  concerned,  by  all  the  anatomic  changes  which  are  present  in  the  former 
groups,  and  by  certain  other  features,  which  are  clearly  inflammatory.  In  all 
the  types  one  phenomenon  dominates  the  picture,  and  that  is  the  one  wc  term 
exudation  which  may  or  may  not  be  associated  with  fibrosis.  It  is  from  the 
obviousness  of  the  associated  fibrosis  that  we  are  led  to  speak  of  an  acute  or 
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a  chronic  inflammation.  Fibrosis  in  the  absence  of  exudation  does  not  spell 
inflammation  though  it  may  be  a  sequel  of  it.  A  sclerotic  kidney  is  not  neces- 
sarily one  of  interstitial  nephritis. 

It  has  been  customary  for  many  years,  and  will  undoubtedly  remain  cus- 
tomary for  a  very  long  time,  to  speak  of  parenchymatous  and  interstitial  ne- 
phritis, by  which  is  meant  types  of  inflammation  which  aflfect  the  parenchyma 
of  the  kidney,  or  the  intestinal  tissues  as  the  case  may  be,  predominantly.  One 
goes  further  if  he  follows  the  texts  and  divides  the  nephritides  into  other  types, 
such  as  simple,  hemorrhagic,  and  suppurative;  and  as  glomerular,  tubal,  and 
diffuse;  and  further,  as  acute  and  chronic.  These  terms  are,  however,  merely 
helpful  in  characterizing  nephritides  from  the  standpoint  of  general  extent.  The 
process  in  all  the  cases  is  the  same.  It  varies  only  in  the  extent  to  which  it 
affects  the  kidney,  in  the  type  of  exudation,  and  the  rapidity  of  its  develop- 
ment. Moreover  the  inflammatory  process  always  starts  in  the  neighborhood 
of  the  blood  vessels,  and  therefore  it  happens  that  at  but  one  place  in  the  kid- 
ney can  an  inflammation  be  spoken  of  as  being  primarily  parenchymatous, — 
that  place  is  the  glomerulus.  All  other  forms  of  inflammation  are  essentially 
interstitial  in  type,  and  the  peculiar  and  sometimes  characteristic  changes  which 
one  observes  in  the  parenchyma  are  secondary  ones  due  to  disturbances  of 
metabolism  resulting  from  poisons  which  reach  the  cells  from  foci  of  inflamma- 
tion, or  from  lack  of  oxygen  which  is  the  result  of  perivascular  conditions. 
There  are  times  when  these  secondary  changes  dominate  the  picture;  when  the 
parenchyma  has  undergone  fatty  or  soapy  degeneration,  as,  for  example,  in 
the  "large  white  kidney."  Under  such  circumstances  we  have  been  in  the  habit 
of  speaking  of  a  chronic  parenchymatous  nephritis,  a  designation  which  we  may 
preserve  if  we  wish,  provided  we  realize  that  it  is  not  that,  but  a  type  of  inter- 
stitial nephritis  with  abund.tnt  secondar}-  degeneration — a  diffuse  nephritis.  This 
is  very  reasonable,  because  if  we  study  the  other  classical  type  of  kidney,  the 
"small  red"  one  we  find  similar  changes,  though  not  so  evident.  In  this  the 
focal  inflammatory  fibrosis  dominates  the  picture,  and  obscures  the  parenchy- 
matous changes.  Perhaps  it  were  best  to  say  that  in  all  nephritides  parenchyma 
and  interstitial  tissues  are  both  affected,  but  that  in  one  the  degenerative  changes 
predominate;  in  the  other  the  productive.  Perhaps  it  is  best  to  speak  of  diffuse 
and  focal  nephroses.  All  of  these  remarks  apply  equally  to  the  suppurative 
and  tuberculous  kidneys.  In  these  the  only  difference  is  that  the  lesions  tend 
to  be  more  obviously  and  completely  focal  than  even  in  the  interstitial  form, 
and  therefore  they  acquire  specific  characteristics. 

This  would  all  be  very  simple  were  the  forms  of  nephroses  simple,  which, 
as  a  rule,  they  are  not.  As  a  rule  they  are  combined,  at  least  this  is  apt  to 
be  almost  completely  true  except  in  cases  in  which  death  has  been  produced 
suddenly  by  trauma.  That  the  conditions  existing  in  the  kidneys  may  undergo 
sudden  changes  is  shown  in  many  clinical  cases.  For  instance,  a  person  who 
has  a  well  developed  interstitial  type  of  nephritis  does  very  well  for  long  periods 
of  time.  The  vascular  and  perivascular  changes  have  advanced  to  such  a  stage 
that  the  compensatory  powers  of  the  organ  are  quite  limited.  Much  of  the 
parenchyma  has  disappeared,  but  the  portion  which  remains  is  physiologically 
active  and  produces  a  normal  amount  of  fluid,  with  little  or  no  albumin  and 
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few  or  no  casts.  If  at  such  a  time  he  meets  a  sudden  traumatic  death,  the  kid- 
ney would  appear  as  a  "small  red  kidney,"  a  primarily  contracted  kidney.  But 
let  him  sufifer  an  attack  of  enteritis;  let  him  absorb  a  few  more  colon  bacilli; 
a  too  large  quantity  of  a  poison.  He  dies  in  uremia  (cerebral  edema)  and  the 
kidney  at  postmortem  is  apt  to  be  gray  and  then  we  are  apt  to  say  that  it  is  a 
■'secondarily  contracted  kidney,"  or  small  gray  kidney.  And  it  is  quite  prob- 
able that  under  such  conditions  unless  he  makes  use  of  the  clinical  details  the 
pathologist  may  insist  that  what  he  finds  tells  the  whole  story. 

It  would  seem  then  that  for  the  sake  of  simplicity  the  following  classifica- 
tion would  be  serviceable : 

A.  The   diffuse  nephroses — (acute  intoxication). 
Simple  edema,  and  necrosis. 

Acute  dift'use  nephritis   (acute  Bright's). 

Glomerular  nephritis. 

Hemorrhagic  nephritis. 
Chronic  passive  congestion. 
Chronic  diffuse  nephritis    (chronic   parenchymatous  nephritis). 

Glomerular  nephritis. 

B.  The  focal  nephroses — (vascular  or  infective). 
Infarction. 

Arteriosclerosis. 

Acute  interstitial    (septic  or  simple)   nephritis. 

Chronic  interstitial  nephritis. 

C.  Combination  of  focal  and  diffuse  forms. 

Such  a  classification  has  one  value  if  no  other;  namely,  that  it  allows  of  a 
better  understanding  of  the  urinary  findings, — that  is  to  say,  it  permits  the  clin- 
ician and  the  pathologist  to  stand  a  little  closer  together. 

URINARY  CHANGES   IN   THK   NETH  ROSES. 

I.  Diffuse  nephroses — (acute  and  chronic). 

Decrease  of  urine. 

Ca.sts  present. 

Albumen  in  very  noticeable  amounts. 

II.  Focal  nephroses — 

a.  Acute — 

Urine  may  be  decreased,  depending  upon  the  number  and  extent 

of  the  lesions. 
Casts  present. 
Albumen   in  moderate  amounts. 

b.  Chronic — 

Little  or  no  decrease  of  urine. 

Few  or  no  casts — these  come  from  the  diseased  foci. 

Little  or  no  albumen. 

HI.     Combination  Forms — The  urinary  changes  vary. 
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Diabetic  Therapy 

IT  has  been  a  usual  comment  of  those  who  have  watched  the  development  of 
scientific  knowledge  in  this  country,  that  it  is  particularly  in  the  application 
by  practical  methods  of  principles  discovered  elsewhere  that  the  American  in- 
vestigator excels.  In  certain  of  the  medical  sciences  this  comment  is  particu- 
larly applicable,  for  it  has  been  by  developing  in  a  practical  way  the  fundamental 
discoveries  of  European  investigators  that  the  American  surgeon  has  acquired 
so  world-wide  a  fame.  The  development  of  surgical  tcchnic  has  been  going  on 
for  many  years,  but  it  is  only  recently  that  a  similar  advancement  can  readily 
be  recognized  to  be  under  way  in  the  domain  of  internal  medicine,  and  in  no 
branch  of  this  is  it  more  conspicuous  than  in  the  therapy  of  diabetes.  It  is  now 
many  years  ago  since  Bouchardat,  Naunyn  ami  Cantani  first  suggested  that 
severely  diabetic  patients  should  be  starved  until  the  urine  became,  if  not  entirely, 
yet  very  nearly  sugar-free,  but  the  suggestion  was  not  generally  adopted,  be- 
cause it  had  meanwhile  come  to  be  clearly  recognized  that  the  coma  to  which 
many  such  patients  succumb  is  in  some  way  related  to  the  appearance  in  the 
urine  of  the  so-called  acetone,  or  acidosis,  bodies,  and  that  the  amount  of  these 
often  increases  alarmingly  before  the  starvation  had  got  well  under  way. 
The  starvation  method  of  treatment  had  not  been  developed  sufficiently, 
nor  had  its  beneficial  influence  on  the  course  and  outcome  of  the  disease 
been  clearly  enough  demonstrated  to  make  the  majority  of  physicians  feel 
justified  in  adopting  it  to  any  great  extent.  Acting  partly  on  the 
suggestions  offered  by  the  experience  of  European  clinicians,  and  partly 
because  of  results  obtained  by  observing  animals  rendered  more  or  less  diabetic 
by  partial  removal  of  the  pancreas,  Allen  undertook  the  thorough  trial  of  starva- 
tion in  specially  selected  cases  of  diabetes  kept  under  constant  observation  in 
the  wards  of  the  Rockefeller  Hospital.  He  showed  among  other  things  that  in 
the  great  majority  of  even  severe  cases  the  acidosis  which  may  develop  during 
the  first  few  days  of  starvation  afterwards  subsides,  so  that  in  a  surprisingly 
short  period  of  time  the  urine  contains  neither  sugar  nor  more  than  small 
quantities  of  the  acidosis  (acetone)  bodies.  Sometimes,  however,  the  treatment 
is  not  so  successful,  ^^'hen  the  ability  of  the  blood  to  combine,  without  dis- 
turbance of  its  reserve  alkalinity,  with  all  of  the  acids  produced  by  the  faulty 
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condition  of  metabolism — of  which  the  appearance  of  acetone  bodies  in  the 
urine  is  an  indication — is  studied  in  diabetic  cases,  a  thoroughly  reliable  criterion 
ib  furnished  of  the  effect  of  the  treatment. 

The  technic  of  several  of  the  laboratory  methods  employed  in  securing  these 
data  has  already  been  described  in  this  journal,  and  for  the  present  we  would 
direct  attention  to  a  recent  communication  by  W'oodyatt  in  which  the  general 
principles  underlying  the  development  of  acidosis  are  admirably  set  forth,  and 
an  appreciation  of  which  will  enable  us  to  explain  why  the  starvation  causes 
acidosis  bodies  to  appear  in  some  cases  and  not  in  others. 

For  the  thorough  combustion  of  fat  in  the  animal  body  a  certain  amount  of 
carbohydrate  must  be  simultaneously  burned.  Fat  evidently  is  a  less  readily 
oxidized  foodstuff  than  sugar;  it  needs  the  fire  of  the  burning  sugar  to  con- 
sume it.  If  the  carbohydrate  fires  do  not  burn  briskly  enough,  the  fat  is  in- 
completely consumed;  it  smokes,  as  it  were,  and  the  smoke  is  represented  in 
metabolism  by  the  acidosis  bodies.  Such  a  closing  down  of  the  carbohydrate 
furnaces  may  be  brought  about  either  by  curtailment  of  the  intake  of  carbohy- 
drates, as  in  starvation,  or  by  some  fault  in  the  mechanism  of  the  furnace  itself, 
as  in  diabetes. 

Fundamentally,  therefore,  acidosis  is  due  to  the  same  cause  in  starvation 
and  diabetes,  namely,  to  an  improper  adjustment  between  the  metabolism  of 
fat  and  carbohydrate.  Besides  fat,  portein  may  also  contribute  to  the  produc- 
tion of  acidosis  bodies  when  carbohydrate  combustion  is  depressed.  Bearing 
these  principles  in  mind,  it  is  easy  to  see  how  the  intensity  of. acidosis  which 
develops  during  starvation  will  depend  upon  the  relative  metabolism  of  car- 
bohydrate on  the  one  hand  and  of  fat  and  protein  on  the  other ;  it  will  there- 
fore depend  on  the  amounts  of  these  foodstuffs  which  have  been  stored  in  the 
organism,  and  this  again  will  depend  on  the  nature  of  the  diet  previous  to  the 
starvation  period.  For  the  first  few  days  following  entire  abstinence  from  food 
in  a  healthy,  well-nourished  individual,  very  little  if  any  acidosis  bodies  will  be 
excreted  in  the  urine,  because  the  carbohydrate  stored  in  the  body  as  glycogen 
has  sufficed  during  this  time  to  maintain  the  proper  proportion  between  fat  and 
carbohydrate.  Afterwards,  however,  the  appearance  of  acidosis  bodies  is  to  be 
expected,  because  the  glycogen  stores  become  exhausted  long  before  those  of 
fat.  If  starvation  be  still  further  prolonged,  a  stage  will  come  when  the  fat.  as 
well  as  the  carbohydrate,  is  used  up  so  that  the  organism  has  now  to  subsist  on 
protein  alone.  When  this  stage  arrives,  the  acidosis  will  diminish,  for  although 
from  certain  of  the  amino  acids  of  which  this  is  composed  acidosis  bodies  might 
be  derived,  yet  this  does  not  actually  occur,  because  a  large  part  of  the  protein 
molecule  (nearly  half)  also  becomes  changed  into  dextrose,  which  by  liurning. 
as  above  explained,  prevents  the  formation  of  acidosis  bodies  from  the  other 
part  of  the  molecule.  For  the  same  reasons,  marked  acidosis  will  not  be  ex- 
pected to  occur  during  any  stage  of  starvation  in  lean  persons,  who  {vom  the 
start  must  utilize  mainly  tlieir  stored  protein  to  supply  the  fuel  upon  which  lo 
live. 

In  diabetes  exactly  the  same  [)rinciples  ap[)l)-.  but  to  an  organism  in  which 
the  ability  to  metabolize  carbohydrate  has  been  depressed,  so  that  "the  maximum 
rate  at  which  dextrose  can  be  oxidized  is  fixed  at  some  level  which  is  absolutely 
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lower  than  in  health."  Therefore,  since  a  certain  proi)()rtionality  must  exist 
between  the  rates  of  combustion  of  fat  and  carbohydrate,  the  diabetic  can 
thoroughly  oxidize  less  fat;  in  other  words,  an  amount  of  fat  which  could  readil> 
be  burned  in  a  healthy  body  is  improperly  burned  by  the  diabetic,  and  acidosis 
bodies  accumulate. 

"In  order  to  check  a  diabetic  acidosis,  it  is  necessary  to  restore  the 
proper  ratio  of  fatty  acid  to  dextrose  oxidation,"  which  can  best  be  done  by 
starvation,  rest  in  bed  and  warmth.  l!ut  this  treatment  may  not  at  first  suf- 
fice, because  we  have  to  deal  not  only  with  the  acidosis  bodies  derived  from  fat 
but  with  those  which  can  be  derived  from  protein  (mi  acctjunt  of  the  diabetic 
organism  having  lost  the  power  even  of  burning  the  dextrose  which  is  derived 
from  this  foodstuff.  By  persistence  in  the  starvation,  however,  the  ability  of 
the  organism  to  utilize  carbohydrate  usually  becomes  so  far  restored  that  enough 
burns  to  prevent  acidosis.  Every  case  of  diabetes  cannot  therefore  be  expected 
to  react  in  the  same  way  to  starvation,  the  determining  condition  being  the  rela- 
tive quantities  of  glycogen  and  fat  stored  in  the  body  at  the  outset  of  the  fasting 
period,  and  this  again  on  the  nature  of  the  [jrevious  diet. 

To  sum  up,  "fasting  will  lower  acidosis  either  in  health  or  in  diabetes  if  it 
has  the  effect  of  stopping  a  one-sided  metabolism  and  throwing  the  tissues  on  a 
more  nearly  balanced  ration  of  fatty  acids  and  glucose."  A  practical  point  may 
be  noted  here,  namely,  that  there  is  likely  to  be  more  danger  of  serious  acidosis 
developing  during  starvation  in  the  case  of  fat  than  in  lean  diabetics. 
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Chloroform  Necrosis  of  the  Liver 

T^HE  fact  that  chloroform  may  produce  important  changes  in  the  organs  of 
^  the  body,  particularly  in  the  liver,  is  a  significant  one  which  is  based  upon 
considerable  clinical  and  experimental  observation.  That  ether  and  other  nar- 
cotics are  less  apt  to  produce  the  same  changes  is  also  well  known.  The  es- 
sential of  chloroform  poisoning  is  severe  intoxication  associated  with  anatomi- 
cal changes  which  resemble  those  of  acute  yellow  atrophy,  phosphorous  poison- 
ing, eclampsia,  certain  septicemias,  and  acute  syphilis.^  These  changes  have  been 
supposed  to  be  the  results  of  local  defective  oxidation  in  the  affected  organs. 
Wells  believes  that  the  chloroform  damages  the  liver  cells  in  such  a  manner 
that  while  their  general  activities  are  lost,  the  intracellular  proteolytic  enzymes 
are  not  interfered  with  and  so  produce  autolyses.  The  intoxication  results  from 
incomplete  hepatic  function. 

In  connection  with  this  matter  of  chloroform  necrosis,  Graham-  brings  ap- 
parently  conclusive  evidence   that   in   chloroform  poisoning   "the   liver   necrosis 

'For  general  account  of  these  conditions   see  Wells'   Cliemical   Pathology,   1914,   p.   49  et  seq. 
=Graham:     Jour.  Exp.   Med.,   1915,  xxii,  p.  48. 
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is  produced  chiefly  by  the  action  of  acid  (largely  probably  by  hydrochloric  acid 
which  is  formed  in  the  metabolic  destruction  of  chloroform),  and  this  ability 
to  produce  liver  necrosis  is  a  general  property  of  the  alkyl  halides,  all  of  which 
probably  yield  halogen  acids  in  their  breakdown  in  the  body."  Graham  calls 
attention  to  the  ease  with  which  chloroform  produces  necrosis  as  compared 
with  ether,  and  to  the  probability  that  that  difference  depends  upon  either  dif- 
ferent molecular  effects  or  to  dift'erent  products  which  are  formed  in  the  met- 
abolism of  the  two  substances. 

\\'hen  chloroform  is  oxidized,  the  reaction  results  in  the  formation  of 
phosgene  and  hydrochloric  acid : 

CHCl,  +  O  ^  COCL  +  HO 

\\'hen  phosgene  in  the  presence  of  water  reacts  to  form  carbon  dioxide  and 
hydrochloric  acid, 

COCU  +  HOH  ^  CO,  +  2HC1 

It  is  evident  then  that  when  chloroform  is  oxidized  in  the  presence  of  water, 
3  molecules  of  hydrochloric  acid  are  produced,  for  each  molecule  of  chloroform 
present. 

With  these  facts  as  a  starting  point,  Graham  studied  the  tissue  changes 
produced  by  hydrochloric  acid,  by  chloroform  and  other  substituted  products 
of  methane  and  by  other  alkyl  halides.  He  has  found  that  while  certain  nar- 
cotics produce  these  changes,  others  do  not,  and  that  all  the  substances,  narcotic 
or  otherwise,  which  do  cause  them  arc  those  which  on  splitting  give  rise  to 
halogen  acids.  Certain  substances  such  as  chloral,  which  resemble  in  a  gen- 
eral sort  of  way  chloroform,  produce  no  necrosis  because  they  do  not  i)roduce. 
on  oxidation,  the  proper  acids.  Moreover,  the  activity  of  the  substances  in 
producing  necrosis  runs  parallel  with  the  anmunt  of  halogen  acid  ])roduced  dur- 
ing metabolism.  For  all  (jf  these  statements  there  is  abundant  experimental 
support,  even   for  the  presence  of  acid   in   ihe  areas  of  necrosis. 

Graham  wisely  insists  that  the  ])r(iducti<>n  of  halogen  acids  is  not  the  only 
factor  in  the  production  of  necrosis,  bul  lliat  lliey  are  important  ones.  He  calls 
attention  to  the  fact  tliat  when  disturbances  of  oxidation  result,  other  acids  (or- 
ganic) arc  apt  to  accumulate — notablx  lactic  acid,  and  this  acid  is  able  to  pro- 
duce profound  tissue  changes.  Tt  is  ])()ssil)le  that  in  phosi)horous  and  arsenic 
poisoning,  for  instance,  it  is  the  organic  acids,  which  accnnuilate  because  of 
decreased  oxidation,  that  cause  the  anatomic  changes.  In  chloroform  poison- 
ing, or  that  produced  by  the  halogen  narcotics,  he  seems  to  pro\e  that  the  halo- 
gen acids  are  the  essential   factors. 

Graham  has  not  only  made  this  contribution  but  has  followed  it  up  thera- 
peutically and  shows  that  the  administration  of  alkalies  is  al)le  to  inhibit  the 
production  of  the  lesions,  lie  \.\><:d  the  alkali-salt  solution  of  Fischer.  He  savs 
in   conclusion," — 

1.     After  the  administration   of  some  ol    these  drugs,  there  has   been  noted 
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an  increase  of  neutral  salts  of  the  halogen  acids  in  the  urine,  a  fact  which  in- 
dicates that  the  corresponding  halogen  acids  must  have  been  formed  some- 
where in  the  body. 

2.  The  necrosis-producing  powers  of  dichlormethane,  chloroform,  and 
tetrachlormethane  parallel  the  amounts  of  hydrochloric  acid  which  these  sub- 
stances theoretically  can  yield  in  their  breakdown  outside  the  body.  Likewise, 
the  power  to  produce  tissue  changes  exhibited  by  the  ethyl  compounds,  varies 
directly  with  the  ease  with  which  they  form  their  respective  halogen  acids  in 
vitro. 

3.  Ether  and  chloral  hydrate  do  not  yield  halogen  acid  in  their  breakdown 
m  the  body  likewise  do  not  produce  necrosis.  They  induce  only  edema  and  fat 
infiltration  to  a  less  marked  degree. 

—P.  G.  IV. 
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IMMUNITY  IN  SYPHILIS* 


By  Hans  Zinsser,  M.D.,  New  York  City. 


I. 

UNTIL,  relatively  recent  years  there  seems  to  have  been  little  question  in  the 
mind  of  clinicians  regarding  the  existence  of  true  immunity  in  syphilis. 
It  was  stated  uncompromisingly  by  Ricord  that  "an  individual  who  had  once  ac- 
quired syphilis  was  thereafter  protected  against  reinfection."  This  opinion  ac- 
quired wide  acceptance  and  was  shared  by  most  of  his  contemporaries.  Baum- 
ler  in  1875  summarizing  the  authoritative  opinions  of  that  period  stated  that 
"One  who  has  once  had  smallpox,  scarlet  fever,  typhus,  etc.,  is,  as  a  rule,  not 
liable  to  these  diseases  again  for  the  rest  of  his  life.  The  same  is  true  of 
syphilis."  However,  even  at  the  time  Baumler  wrote  this,  exceptions  to  the 
supposed  rule  were  accumulating  and  he  appends,  to  the  positive  statement 
given  above,  references  to  observed  instances  of  second  infection  reported  by 
Bidenkap,  H.   Lee,   Diday,  Kober,  Zeissl,  and  others. 

The  conception  of  the  existence  of  a  true  acquired  immunity  was  also  ex- 
pressed and  widely  accepted  in  the  so-called  "laws"  of  Colics  and  Profeta.  The 
former,  first  enunciated  by  Beaumes  and  later,  in  1837,  stated  by  Abraham 
Colics,  of  Dublin,  is  the  well-known  generalization  based  on  the  observation  that 
mothers  who  have  borne  syphilitic  infants  were  not  infected  by  their  children 
while  suckling  them,  although  such  children  might  often  infect  wet  nurses.  Pro- 
feta's  observation  was  the  converse  of  this,  namely,  that  children  born  of  moth- 
ers who  suffered  from  active  syphilis  during  the  period  of  conception  did  not 
acquire  the  disease  from  their  mothers. 

Both  of  these  phenomena  ajipear  too  well  founded  in  clinical  observation 
to  be  questioned  as,  at  least  frequent  occurrences.  Moreover,  considering 
the  intimate  contact  between  mother  and  infant  during  the  first  months  after 
l)irth,  they  acquire  unusual  importance.  However,  as  we  shall  see,  they  have 
been  deprived  of  much  of  their  bearing  as  proofs  of  true  acquired  or  inherited 
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immunity  by  serological  invcstiiLialiuns  such  as  those  of  iJauer.  Knopfelmacher, 
and  others,  which  have  shown  that  mothers  of  syphilitic  children  usually  give 
positive  Wassermann  reactions,  a  fact  which  makes  it  seem  likely  that  such 
women  are  sufifering  from  syphilis  in  a  latent  form  and  are  not  immune  in  the 
ordinary  sense.  This  indeed  was  the  interpretation  given  to  the  "laws"  of 
Colles  and  Profeta  by  Fournier  and  by  Matzenaucr  at  a  time  prior  to  that  at 
which  serological  data  were  available.  It  is  still  unclear  why  such  mothers 
should  so  frequently  exhibit  the  disease  in  a  latent  form.  However,  this  is  a 
matter  for  the  intelligent  discussion  of  which  we  are  not  at  the  present  time  in 
the  possession  of  sufficient  information. 

In  the  years  just  preceding  the  period  of  experimental  investigation  of 
syphilis  upon  animals  much  purely  clinical  research  was  carried  out  on 
the  problem  of  reinoculation  and  what  is  commonly  known  as  "superinfection" 
of  syphilitic  human  beings.  Much  of  this  work  is  unavailable  as  scientific  evi- 
dence owing-  to  the  difficulties  of  distinguishing,  at  that  time,  between  the  true 
chancre  and  the  chancroid,  but  a  considerable  number  of  the  observations  then 
made  have  been  of  much  value  in  pointing  out  directions  of  later  research  upon 
animals.  The  work  has  been  so  thoroughly  analyzed  both  by  Neisscr  and  by 
Levaditi  that  it  would  be  needless  repetition  to  do  so  again.  The  records  in- 
clude both  accidentally  occurring  superinfections,  and  purposeful  experimental 
reinoculations.  W^ithout,  therefore,  going  into  details  concerning  the  individual 
cases  we  may  summarize  the  conclusions  justified  from  a  study  of  these  ob- 
servations. 

1.  The  reports  of  Lasch,  Jadassohn,  Sabeareanu,  Queyrat,  Taylor,  H.  Lee, 
Knowles,  and  many  others,  have  shown  that  patients  are  susceptible  to  a  sec- 
ond inoculation  during  the  first  incubation  time,  that  is.  during  the  period  elaps- 
ing between  the  first  infection  with  syphilis  and  the  appearance  of  the  chancre. 
Second  positive  inoculations  have  also  been  successful  at  periods  shortly  sub- 
sequent to  the  appearance  of  the  primary  sore. 

Autoinoculations  and  reinoculations  undertaken  after  the  chancre  has  be- 
come w'ell  developed  have  been,  in  the  main,  negative,  though  Queyrat  reports  a 
case  successfully  inoculated  daily  up  to  the  eleventh,  and  Taylor  one  inoculated 
on  the  fourteenth  day  after  the  appearance  of  the  primary  induration.  In  con- 
trast to  these  and  other  successful  attempts,  many  observers  record  failure. 
However,  the  point  is  not  one  of  particular  importance,  since,  after  all,  the 
appearance  of  the  chancre  does  not  mark  ofif  any  fundamental  change  in  the 
progressve  pathological  development  of  the  disease,  and  indicates  only  the  com- 
pleted reaction  at  the  point  of  entrance.  The  fact  remains  that  analysis  has  re- 
vealed that  reinoculation,  with  the  appearance  of  the  second  initial  lesion,  is  pos- 
sible up  to  about  the  tw^entieth  to  the  thirtieth  day  after  the  first  infection  with 
the  treponemata  (Mauriac  and  Neisser  state  the  twenty-second  day,  Queyrat 
cites  a  case  eleven  days,  Linderman  one  twenty-four  days  after  the  appearance 
of  the  chancre).  It  is  claimed  by  some  of  the  observers,  however,  that  even 
when  reinoculation  during  this  period  is  successful,  the  incubation  of  the  second 
and  subseciuent  lesions  is  shorter,  that  the  induration  itself  is  less  severe,  may 
not  ulcerate,  and  heals  more  readily  than  the  first. 

In  judging  of  the  success  or  failure  of  reinoculation  practiced  during  the 
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later  days  of  the  period  above  referred  to,  the  possibility  must  be  borne  in  mind 
that  the  trauma  produced  at  the  inoculation  might  have  served  to  favor  the  de- 
velopment of  a  localized  focus,  the  treponemata  at  this  time  being  very  probably 
well  distributed  throughout  the  body.  Unsuccessful  control  inoculations  with 
non-syphilitic  materials  in  Queyrat's  cases  would  tend  to  eliminate  this  pos- 
sibility, whereas  lesions  resulting  at  the  sites  of  such  control  abrasions  in  the 
experiments  of  Neuman  and  Cehak.  and  of  Levaditi,  appear  to  support  it.  How- 
ever, this  is  not  of  great  importance  inasmuch  as  it  determines  merely  a  rela- 
tive lengthening  or  shortening  of  the  period  during  which  reinoculation  or  super- 
infection is  possible. 

2.  After  the  disease  is  well  established  as  a  systemic  infection,  that  is, 
from  the  time  of  development  of  the  chancre  throughout  the  so-called  active 
"secondary"  period,  reinoculation  is  either  impossible  or,  at  any  rate,  extremely 
difficult.     Neisser  cites  Rollet  as  follows : 

"Although  I  and  my  predecessors  have  a  thousand  times  attempted  to  rein- 
oculate  luetic  subjects,  we  have  never  observed  a  successful  case.  I  know  no 
single  fact  more  thoroughly  proven  than  the  insusceptibility  of  a  syphilitic  to 
the  action  of  a  new  virus,  and,  moreover,  these  experiments  are  so  harmless 
that  they  may  be  performed  without  scruple." 

The  same  opinion  was  held  by  Mauriac  and  is  in  a  general  way  assented 
to  by  Neisser  in  his  summary  of  this  place  of  his  studies.  (Neisser,  loc.  cit.  pp. 
180-181.) 

That  the  patient  with  well-developed  lues  has  acquired  a  considerable  degree 
of  resistance  to  fresh  inoculations  is  pretty  generally  accepted,  therefore,  by 
all  who  have  studied  the  question — but  there  are  investigators,  notably  Finger 
and  Landsteiner,  who  believe  this  resistance  to  be  less  absolute  than  stated  by 
earlier  writers.  Their  observations  on  patients  with  active  syphilis  seem  to  indi- 
cate that  superinfection  is  possible  "under  certain  circumstances  in  all  stages 
of  the  disease,"  but  "the  positive  efifect  can  be  obtained  only  with  considerable 
quantities  of  the  virus."  Furthermore,  Landsteiner  states  that,  in  general,  lesions 
so  obtained  are  relatively  slight  in  severity,  do  not  appear  as  primary  indura- 
tions, but  have  the  tendency  to  simulate  the  particular  variety  of  lesion  spontane- 
ously manifest  in  the  individual  at  the  time,  ^^'ere  it  not  for  Finger  and 
Landsteiner's  monkey  experiments,  to  which  we  will  refer  directly,  and  which 
seem  to  bear  them  out  in  their  interpretation  of  these  inoculations  as  "ix)sitive" 
results,  the  simulation  of  the  spontaneously  occurring  lesions  by  the  inoculation- 
products  would  again  justify  suspicion  that  these  experimental  results  repre- 
sented merely  traumata  in  which,  as  points  of  less  resistance,  the  patient's  pre- 
existent  disease  had  found  a  favorable  spot  for  localization. 

Observations  in  this  respect,  also,  are  corroborated  by  the  older  literature. 
A  report  which  has  direct  bearing  on  this  point,  is  one  of  Queyrat  and  Pinard 
who  inoculated  a  tertiary  patient  with  chancre  material,  obtaining  not  a  pri- 
mary sore  but  an  ulcerated  lesion  having  the  clinical  characteristics  typical  of  the 
late  skin  manifestations  of  the  disease.  The  autoinoculation  experiments  of 
Ehrmann  also  would  tend  to  show  that  the  resistance  of  the  luetic  subject  is  a 
relative  one  only.  Ehrmann  succeeded  in  producing  positive  autoinoculation- 
products   in   45    syphilitics   with   papular   eruptions.      Control   inoculations    with 
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sterile  water  were  negative.  Although  his  f)hservations  and  those  of  Finj^^er  and 
Landsteiner,  with  other  similar  ones,  leach  us  that  superinfection  during  the 
disease  is  possihle  the  nature  of  the  lesions,  their  short  incuhation  time,  and  their 
exceptional  character  when  averaged  with  tlic  total  of  such  attempts,  prevent 
them  from  invalidating  the  conclusion  that  there-  is  a  resistance  at  this  stage 
higher  than  that  of  the  normal  subject. 

We  may  conclude,  therefore,  concerning  the  secondary  period  of  the  dis- 
ease, that  the  luetic  individual  has  acquired  a  resistance  which  while  not  ab- 
solute is  at  least  very  high,  and  protects  him  from  fresh  external  inoculation, 
although  at  the  time  his  disease  may  still  be  progressing  and  in  no  sense  over- 
come. 

3.  During  the  late  stage  of  syj^hilis,  the  stage  at  which,  according  to  the 
more  or  less  arbitrary  divisions  of  Ricord,  we  are  accustomed  to  speak  of  it  as 
"tertiary,"  the  resistance  is  still  manifest,  though  apparently  not  .so  regularly 
potent  as  during  the  preceding  "secondary"  period.  Neisser  expresses  himself 
with  great  caution  and  accepts  few,  if  any,  of  the  observed  reinoculations  of 
tertiary  cases  as  surely  representing  unquestionable  freshly  acquired  infections. 
Nevertheless,  taking  into  consideration  a  detailed  study  of  individual  reports,  he 
concludes  that  resistance  during  the  late  stages  is  pronounced  but  already  be- 
ginning to  wane.  He  himself  in  the  Festschrifft  to  F.  Joseph  Pick  in  1898  cites 
a  case  of  the  development  of  a  chancre  in  a  tertiary  case  which,  however,  was 
not  followed  by  constitutional   symptoms. 

4.  In  the  preceding  paragraphs  we  have  concerned  ourselves  entirely  with 
questions  of  "superinfection,"  that  is,  the  implantation  of  the  syphilitic  virus  into 
subjects  still  suffering  from  manifestations  of  the  disease.  A  problem  of  equal 
theoretical,  and  of  much  greater  practical  importance,  is  that  dealing  with  true 
"reinfection."  By  "immunity"  in  the  ordinary  sense,  we  mean  an  increased 
resistance  to  specific  infection  which  persists  for  a  more  or  less  prolonged 
period  after  the  active  disease  has  been  overcome  and  the  causative  agents  re- 
moved from  the  body.  It  is  not  easy  to  draw  conclusions  concerning  this  point 
from  observations  on  human  beings,  since  it  is  most  difficult  to  decide,  even  with 
the  aid  of  serological  methods,  whether  or  not  a  given  case  is  cured  in  the 
bacteriological  sense ;  for  syphilis  is  pre-eminently  the  disease  in  which  there  oc- 
cur frequent  and  prolonged  latent  periods  terminated,  often  after  lapses  of  years, 
by  the  reappearance  of  foci  of  a  grave  nature. 

Moreover,  our  own  experiments  both  with  syphilis  in  rabbits  and  the  tre- 
ponemata  in  culture  have  convinced  us  that  these  microorganisms  may  assume 
for  long  periods  a  condition  of  metabolic  latency,  a  sort  of  resting  period,  during 
which  they  incite  no  reactions  of  any  kind  on  the  part  of  the  tissues,  apparently 
do  not  multiply  to  any  great  extent  and  yet  remain  alive  and  capable  of  develop- 
ment when  conditions  favor  this. 

In  spite  of  these  difficulties,  however,  careful  clinical  studies  by  Jonathan 
Hutchinson,  Taylor,  Hudelo,  Neisser,  and  many  others,  have  furnished  data 
which  warrant  an  opinion  upon  this  problem.  Of  especial  value  is  the  painstak- 
ing analysis  of  reported  cases  of  reinfection  in  syphilis  made  in  1909  by  Felix 
John. 

In   contrast   with   some  others   who   have   attempted    similar  analyses   John 
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takes  the  utmost  care  to  separate  these  cases  into  the  ones  in  which  the  evidence 
of  true  reinfection  is  absolute,  and  those  in  which  the  reported  details  are  in- 
sufficient to  exclude  the  possibility  of  recrudescence.  In  agreement  with  Taylor 
he  insists  upon  a  symptom-free  interval  of  five  years  between  the  last  mani- 
festations of  the  first  attack  and  the  appearance  of  the  second.  As  an  example 
of  what  he  calls  an  "Ideal  Fall"  we  may  cite  the  following: 

X.  J.,  April  1,  1872,  primary  sore. 

Roseola,  poh-adenitis,  mucous  patches.  September,  1872,  papular  rash.  March,  1873. 
palmar  and  plantar  spots,  iritis.     1875,  gumma  of  tibia  and  sepriginous  syphilide  of  right  thigh. 

Four  courses  of  inunctions   and  KI. 

1876,  married — two  healthy  children. 

No  symptoms  till  1887  when  he  acquired  a  second  chancre  followed  by  typical  roseola. 
In  1888  wife  had  still-birth. 

John  has  analyzed  in  this  way  356  cases  of  supposed  reinfection,  in  34  of 
which  the  first  attack  was  of  congenital  origin.  Of  the  remaining  322,  fourteen 
were  cases  which  seemed  unquestionable  instances  of  reinfection  and  in  16 
more  there  was  practically  no  doubt  of  this.  Of  the  34  hereditary  cases  there 
were  three,  one  of  Emery,  one  of  Taylor,  and  one  of  Hochsinger,  in  which  there 
was  practically  no  question  of  their  nature  as  valid  reinfections.  In  all  of  the 
others  there  was  one  point  or  another  which  rendered  them  doubtful  as  evi- 
dence. 

John  concludes  that  true  reinfection  can  unquestionably  occur  in  syphilis 
but  that  it  is  relatively  rare. 

To  John's  cases  Neisser  has  added  others  reported  between  1909  and  1911. 
Yet  even  with  these,  the  total  number  is  not  a  large  one.  Nevertheless,  we 
should  not  be  tempted  to  conclude  from  this  that  the  relative  infrequency  of  such 
cases  is  evidence  in  favor  of  the  existence  of  a  true  immunity  analogous  to  that 
following  typhoid,  plague,  etc.  For  we  have  seen  that  a  very  definite  insus- 
ceptibility is  coincident  with  the  persistence  of  actual  disease  in  the  subject 
and,  as  Neisser  points  out,  the  more  recent  investigations  carried  out  with  the 
aid  of  serological  tests  have  shown  that  the  number  of  cases  uncured  though 
long  without  symptoms,  is  much  larger  than  formerly  suppo.>^ed.  The  scarcity 
of  true  reinfection,  therefore,  may  well  be  due  to  the  relative  scarcity  of  com- 
pletely cured  cases.  Moreover,  it  niu.st  be  remembered  that,  in  tliis  di.sease,  even 
when  final  recovery  results,  it  is  usually  achieved  only  at  an  age  when  the  in- 
dividual is  less  exposed  to  reinfection  because  of  changed  economic  and  domestic 
conditions,  or  by  rea.son  of  the  virtue  which  comes  with  arteriosclerosis  and 
the  wisdom  of  the  burnt  child  that  fears  the  fire. 

Granted,  then,  that  true  reinfection  is  possible,  is  there  any  evidence  that 
when  it  does  occur,  the  second  attack  is  less  severe  and  more  easily  cured  than 
the  first,  a  fact  which  would  also  tend  to  support  the  opinion  that  a  certain  de- 
gree of  immunity  persists.  Jonathan  Hutchinson  expres.sed  this  view  in  a  clini- 
cal lecture  in  which  he  states  that  "second  chancres  are  far  more  common  than 
.second  attacks  of  constitutional  syphilis."  However.  John  in  his  summary,  in 
which  Hutchinson's  cases  are  included,  finds  that  in  general  the  disease  has 
run  a  second  course  very  similar  as  to  severity  to  that  incident  to  the  first  in- 
fection. 
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If  we  gather  together,  then,  the  facts  revealed  by  clinical  study  we  may 
conclude  with  Levaditi,  Neisser,  and  most  others,  that: 

1.  The  syphilitic  subject  acquires  definite  resistance  to  reinoculation  which 
becomes  manifest  soon  after  the  appearance  of  the  primary  sore,  at  a  time  when 
the  virus  may  be  regarded  as  having  gained  universal  systemic  distribution. 

2.  This  resistance,  high  though  not  absolute,  persists  throughout  the  sec- 
ondary or  most  active  period  of  the  disease  and  into  the  tertiary  stag^e.  During 
the  latter,  however,  it  appears  somewhat  to  decline,  reinoculation  or  superin- 
fection being  more  frequently  possible  at  this  period. 

3.  \\'hen  syphilis  is  entirely  cured,  susceptibility  may  in  all  probability  be 
regarded  as  returning,  possibly,  though  not  certainly,  to  the  same  degree  as  it 
exists  in  the  normal  subject.  The  reasons  for  this  last  belief  will  become  more 
clear  when  we  study  the  evidence  contributed  by  animal  experimentation. 

II. 

Notwithstanding  the  admirable  thoroughness  with  which  clinical  data  had 
been  collected  and  analyzed  in  the  study  of  syphilis,  progress  beyond  the  points 
indicated  in  the  preceding  sections  was  quite  impossible  without  the  aid  of  ani- 
mal experimentation  and  a  knowledge  of  the  causative  agent.  Fortunately  these 
two  deficiencies  in  our  methods  were  removed  when  in  1903  Metchnikoff  and 
Roux  succeeded  in  transmitting  the  disease  to  a  chimpanzee,  and  in  March,  1905, 
Schaudinn  discovered  the  treponema  pallidum. 

As  a  matter  of  fact,  probable  transmission  of  syphilis  to  lower  monkeys  had 
been  accomplished  as  early  as  1879  by  Klebs  and  subsequently  by  Neumann. 
Martineau,  and  Charles  NicoUe,  but  in  none  of  these  experiments  had  it  been 
possible  to  prove  beyond  question  the  syphilitic  nature  of  the  inoculation-prod- 
ucts. In  the  chimpanzees  inoculated  by  Metchnikofif  and  Roux,  the  animals 
developed  not  only  primary  sores  but  also  secondary  eruptions,  polyadenitis,  and 
enlarged  spleens  in  such  characteristic  manner  that  the  identity  of  the  inocula- 
tion disease  with  human  syphilis  could  no  longer  be  doubted. 

Successful  transmission  to  other  anthropoids  and  to  lower  monkeys  were 
then  announced,  in  rapid  succession,  by  Metchnikofif  and  Roux,  Ch.  Nicolle, 
Neisser,  Baermann  and  Halberstaedter,  Finger  and  Landsteiner,  Hoflfman,  and 
others.  The  susceptibility'  of  monkeys  was  tabulated  by  Neisser  in  the  follow- 
ing series :  Chimpanzee,  Gibbon,  Orang-Outang,  Cynocephalus  babuin,  Cynoceph- 
alus  sphinx,  Cynocephalus  hamadryas,  Cercopithecus,  fulginosus,  jMacacus 
niger,  3*1.  nemestrinus,  M.  cynomolgus,  M.  sinicus,  M.  speciosus,  M.  rhesus. 
In  1906  Bertarelli  produced  syphilitic  keratitis  in  rabbits,  demonstrating  the 
treponema  pallidum  in  sections  of  the  cornea  and  in  1907  Parodi  first  produced 
syphilitic  orchitis  in  the  same  animals. 

Apart  from  monkeys  and  rabbits,  no  animal  species  have  so  far  been 
shown  sufificiently  susceptible  to  be  available  for  systematic  study.  It  is  true  that 
the  production  of  keratitis  is  claimed  in  dogs  and  sheep  (Bertarelli,  Hoffman 
and  Briinig),  in  guinea  pigs  (Bertarelli),  in  cats  (Levadfti  and  Yamanouchi), 
and  in  goats  (Bertarelli).  However,  these  experiments  have  been  isolated  and 
too  uncertain  with  present  methods  to  ofifer  material  for  experimentation.  Our 
own  attempts  on  cats,  pigs,  guinea  pigs,  rats,  mice,  and  a  few  birds,  have  yielded 
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negative  results  only.  There  are  many  observations  of  great  scientific  interest 
which  might  be  discussed  in  connection  with  the  problem  of  susceptibility  of 
various  animal  species,  however,  we  will  confine  ourselves  at  present  to  those 
phases  of  the  work  only  which  have  bearing  on  the  questions  of  immunity. 

In  the  fundamental  premises,  the  work  on  monkeys  has  pretty  accurately 
confirmed  the  observations  concerning  reinoculation  and  superinfection  previ- 
ously made  on  human  beings. 

The  most  extensive  studies  in  this  respect  are  those  of  Neisser  and  his 
associates  in  the  Javan  expedition.  Briefly  stated,  Neisser  reinoculated  135 
animals  165  times  with  negative  result  on  the  second  and  subsequent  inocula- 
tions. The  second  inoculations  were  made  at  periods  ranging  from  21  days  to 
two  years  after  the  first.  In  but  27  animals  did  the  reinoculation  show  positive 
results,  and  in  ten  of  these  cases  only  does  Neisser  recognize  the  experiments 
as  valid.  Although  these  ten  positive  reinoculations  it  is  true,  add  an  element 
of  irregularity  to  the  series,  they  constitute  but  6.8  per  cent  of  the  entire  num- 
ber, a  proportion  which  in  no  way  invalidates  the  experiments  when  we  con- 
sider that  the  work  Was  done  entirely  on  the  lower  monkeys,  animals  that  are  far 
less  susceptible  to  syphilis  than  are  human  beings  and  in  many  of  which,  there- 
fore, systemic  distribution  of  the  virus  (a  generalization  apparently  necessary 
for  the  development  of  resistance)  may  not  have  taken  place.  Neisser's  con- 
clusions, therefore,  that  monkeys,  like  human  beings,  are  not  reinoculable  while 
suffering  from  systemic  syphilis,  seem  entirely  justified. 

His  work,  as  well  as  that  of  Finger  and  Landsteiner,  and  of  Kraus  and  Volk 
on  lower  monkeys,  has  shown  that  resistance  does  not  develop  until  the  twelfth 
to  the  twentieth  or  twenty-first  day  after  the  first  inoculation  ;  that  is,  again  as 
in  man,  when  the  virus  has  become  generally  distributed.  Finger  and  Land- 
steiner, furthermore,  noticed  that  reinoculation-products,  obtained  by  reinfec- 
tion during  the  first  incubation  period ;  that  is,  before  the  development  of  the 
primary  lesion,  were  less  severe  and  developed  in  a  shorter  time  than  did  the 
first  lesion.  This  phenomenon  which  would  tend  to  mark  another  analogy  to 
the  conditions  prevailing  in  human  beings,  was  not  observed  in  the  experiments 
of  Neisser  and  of  Kraus  and  Volk.  However,  like  the  similar  observation  in 
human  beings,  it  seems  to  indicate  the  gradual  acquisition  of  resistance  as  the 
virus  begins  to  exert  its  influence  upon  the  tissues. 

Again,  with  monkeys  as  in  man,  the  question  arises  whether  the  resistance 
so  vmquestionably  proven  is  a  condition  merely  coexistent  with  active  dis- 
ease, or  whether  it  may  be  interpreted  as  a  true  immunity  which  persists  after 
the  microorganisms  have  been  completely  removed.  The  most  directlv  per- 
tinent experiments  are  those  of  Neisser.  Neisser  reinoculated  monkeys  at 
periods  ranging  from  27  to  645  days  after  the  first  infection.  After  waiting  a 
time  sufficiently  long  to  insure  the  negative  result  of  the  reinoculation.  he  used 
organ-substance  from  these  animals  to  inoculate  other  monkeys.  In  22  experi- 
ments of  this  kind  he  obtained  positive  results — showing  that  the  organs  of  the 
apparently  immune  animals  still  harbored  virulent  treponemata.  In  seven  ani- 
mals only  did  the  inoculations  with  organ-substance  fail  to  produce  lesions, 
but  of  these  all  but  one  died  before  the  30th  day  after  inoculation. 

In  contrast  to  these   results   Neisser  found   that  animals   which   had   been 
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'cured"  by  various  treponemacidal  agents  such  as  Atoxyl,  Arsacetin,  etc.,  were 
almost  regularly  reinoculable.  In  fact,  these  experiments  were  so  uniform  that 
Xeisser  later  utilized  the  reinoculation  method  as  an  index  of  cure  or  persistence 
of  the  disease. 

The  results  obtained  in  monkeys,  therefore,  are  very  similar  to  those  de- 
termined by  clinical  observations  in  man,  and  the  following  statements  may  be 
taken  as  summarizing  the  conditions  revealed  by  monkey  experiment. 

1.  That  the  body  develops  resistance,  progressively  increasing  as  the 
virus  becomes  generally   distributed. 

2.  That  the  resistance  probably  reaches  its  highest  development  during 
the  early  tertiary  period. 

3.  That  complete  cure  is  probably  synonymous  with  gradual  return  of 
susceptibility. 

The  only  other  animals  on  which  systematic  experimentation  has  been  pos- 
sible up  to  the  present  time,  have  been  rabbits.  Since  Bertarelli's  successful 
production  of  keratitis  and  Parodi's  inoculation  of  the  testes  in  these  animals, 
thev  have  been  studied  carefully  by  a  number  of  workers,  chiefly  Uhlenhuth 
and  Mulzer.  and  Xoguchi ;  and  in  our  own  laborator)-.  with  Hopkins  and  Mc- 
Burney,  the  writer  has  observed  rabbit  syphilis  for  a  number  of  years.  From 
a  large  mass  of  observations  it  appears  that  the  conditions  in  rabbits  are  not 
identical  with  those  observed  in  man  and  monkeys.  So  far,  the  testes  and  tht 
eyes  are  the  only  organs  in  these  animals  in  which  syphilitic  lesions  can  regular- 
ly be  produced,  and  although  treponema  pallidum  may  apparently  be  distributed 
generally  to  the  organs  after  inoculation,  it  does  not  easily  arouse  pathological 
reactions  except  in  the  organs  named,  and  the  lesions  produced  are  not  accom- 
panied by  a  generalized  resistance  comparable  to  that  discussed  in  connection 
with  the  higher  animals  in  preceding  sections  of  this  paper. 

Bertarelli  found  that  he  could  reinoculate  the  cornea  in  a  rabbit  that  had 
previously  been  inoculated  with  syphilis.  Uhlenhuth  and  Mulzer.  and  Neisser 
and  Piirckhauer,  showed  that  infections  of  the  eye  could  be  produced  while 
the  opposite  eye  was  still  syphilitic.  Tomazewski  found  that  scrotal  infection 
did  not  protect  against  infection  of  the  cornea,  and  vice  versa.  Furthermore. 
Uhlenhuth  and  Mulzer,  on  the  basis  of  a  very  thorough  study,  believe  that  such 
reinfections  are  neither  less  extensive  nor  more  rapid  in  healing  than  was  the 
first  lesion.  The  same  authors  noticed  resistance  to  reinoculation  in  two  animals 
only,  and  these  were  young  rabbits  in  the  first  weeks  of  life,  which,  they  be- 
lieved, had  been  generally  syphilized  by  intracardial  injections.  Interesting  in 
this  connection  are  claims  by  Ossola  and  Truffi  who  believe  that  successful  skin 
inoculation  in  rabbits  confers  a  certain  amount  of  skin  resistance  and  this  is  in 
liarmony  with  the  belief  of  Kraus  and  Volk.  that  a  specific  skin  immunity  in 
syphilis  is  possible.  Of  great  interest  to  us  and  of  a  possible  theoretical  bear- 
ing which  we  will  discuss  below,  are  observations  made  by  the  writer  with 
Hopkins  and  McBurney  on  20  rabbits  which  were  reinoculated  into  the  testes 
after  apparent  healing  of  lesions  in  these  organs.  It  appeared  that  in  rabbits 
the  opposite  testis  can  be  successfully  inoculated  before,  during,  or  after,  the 
existence  of  a  testicular  lesion  on  one  side,  but  that  reinoculation  of  the  same 
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testis  which  had  apparently  returned  to  normal,  at  periods  ranging  from  6 
weeks  to  one  year  was  not  often  successful.  There  is  a  certain  amount  of  evi- 
dence here  of  a  purely  local  immunity,  a  matter  which  we  will  discuss  at  great- 
er length  presently.  Perhaps  the  difference  between  rabbits  and  the  higher  ani- 
mals lies  chiefly  in  the  fact  that  syphilis  is  not  generalized  in  the  same  sense 
that  it  is  in  man  and  monkeys,  and  even  though  inoculations  from  the  organs 
of  syphilitic  rabbits  may  often  result  positively,  this  might  signify  only  that  the 
treponemata  have  been  generally  distributed  by  the  blood  stream  and  latently 
lodged  in  the  organs,  without,  however,  arousing  in  the  tissues  any  sort  of 
pathological  response.  This  idea  would  seem  to  be  borne  out  by  the  two  experi- 
ments of  Uhlenhuth  and  Mulzer  cited  above  in  very  young  rabbits  since  in  such 
animals  true  generalization  seems  to  be  more  common.  The  study  of  very  young 
rabbits  will  be  continued  with  this  point  in  view. 

It  is  apparent  from  the  preceding  considerations  that  resistance  to  syphilis 
differs  from  that  acquired  in  many  bacterial  infections  chiefly  in  the  fact  that  it 
does  not  persist  after  the  disease  is  over,  but  probably  coexists  only  with  the 
presence  of  the  living  incitants  in  the  body.  In  this  respect  it  seems  to  be  similar 
to  the  conditions  prevailing  in  many  protozoan  diseases.  Thus  Schilling  cites 
a  case  of  Trypanosoma  Brucei  in  a  steer,  experimentally  infected  by  Koch,  in 
which  reinoculation  was  repeatedly  negative,  this  result  being  at  first  falsely 
interpreted  as  immunity ;  but  six  years  later  Kleine  found  that  the  same  steer 
still  harbored  the  trypanosomes  in  his  blood — showing  that  the  resistance  to  re- 
inoculation  was  not,  in  this  case,  an  evidence  of  true  immunity,  but  rather  repre- 
sented a  condition  of  insusceptibility  to  "superinfection"  analogous  in  every 
respect  to  that  existing  in  syphilis.  Similar  conditions  have  been  shown  to  pre- 
vail in  Texas  fever  and  Schilling  believes  that  they  may  be  regarded  as  also 
existing  to  a  certain  extent  in  Malaria  and  Sleeping  Sickness.  In  both  of  these 
conditions  complete  spontaneous  sterilization  of  the  body  (without  medicinal 
aid)  is  probably  rare,  possibly  does  not  occur  at  all,  and  the  ai)parent  immunity 
to  reinfection  is,  as  in  syphilis,  an  evitlence  of  persistence  of  the  disease  in  a 
latent  form. 

In  weighing  the  analogy  of  syphilis  to  such  protozoan  diseases,  one  is  in- 
clined to  wonder  whether  syphilis  in  man  may  be  regarded  as  at  all  spontaneous- 
ly curable.  So  few  are  the  cases  left  untreated  and  so  rarely  does  the  reinfec- 
tion occur  even  in  the  face  of  specific  remedies,  that  it  seems  to  us  more  than 
likely  that  in  syphilis,  as  in  Sleeping  Sickness,  a  spontaneous  "sterilizing"  im- 
munity does  not  occur.  This  is  a  point,  however,  regarding  which  it  is  impos- 
sible to  gather  data. 

In  order  to  distinguish  the  conditions  outlined  above  tersely  from  the  ordi- 
nary conception  of  immunity,  Neisser  speaks  of  the  alterations  which  govern  the 
reactions  of  the  luetic  body  to  freshly  introduced  virus  as  "Anergic;"  and  "Um- 
stimmung"  or  "Allcgcric."  lly  ''Anergic"  (a  term  first  used  by  \.  Pirciuot  and 
subsequently  introduced  by  Siebert  in  working  out  the  analogy  between  pigeon- 
epithclioma  and  syphilis),  Neisser  designates  a  condition  of  inability  to  react  by 
cellular  change  to  contact  with  the  virus.  As  he  uses  it,  it  implies  a  passivity 
on  the  part  of  the  invaded  tissues  (in  which  "die  Zeilen  auf  die  Spirochaeten 
schwer  oder  garnicht  reagiren).  by  which  there  is  not  necessarily  a  destruction 
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of  the  invading  treponemata,  and  which,  therefore,  cannot  in  any  sense  be  in- 
terpreted as  a  "Schutz  wirkung."  By  the  "Umstimmung"  of  Neisser,  the  "change- 
ment  dans  la  mode  de  reaction"  of  Levaditi,  is  meant  the  changed  reaction 
capacity  of  the  syphilized  tissues  which  determines  the  characters  of  the  lesions 
at  various  stages  of  the  disease.  Thus  it  is  obvious  that  cellular  reactions  which 
result  in  the  primary  induration  are  quite  diflferent  from  those  which  produce 
the  tertiary^  gumma,  and  that  the  histological  changes  of  the  roseola  are  dis- 
tinct from  those  of  the  serpiginous  syphilide  of  the  late  stages.  And  since,  as 
we  shall  see,  there  is  no  valid  reason  to  assume  that  the  incitant  has  been  modified 
in  virulence  or  vitality,  we  are  forced  to  believe  that  the  reaction  capacity  of 
the  body  cells  has  been  altered. 

III. 

Since  it  is  a  fact,  then,  that  syphilitic  infection  so  changes  the  body  tissues 
of  man  and  monkeys  that,  during  its  course,  resistance  to  reinfection  is  produced, 
it  should  be  possible  to  analyze  this  resistance  into  its  responsible  factors  and 
perhaps  utilize  the  knowledge  so  gained  for  practical  therapeutic  purposes.  Be- 
fore we  proceed  to  do  this,  it  will  be  of  advantage  to  review  briefly  the  attempts 
at  active  and  passive  immunization  which  have  been  made  in  animals  and  man. 

Metchnikoff  and  Roux  followed  their  first  animal  inoculation  studies  by  ex- 
tensive vaccination  experiments.  Some  of  their  first  work  along  these  lines  is 
perhaps  marred  to  some  extent  by  an  insufficient  recognition  of  the  resistance 
which  depends  upon  persistence  of  the  disease  rather  than  upon  true  immunity, 
but  a  good  many  of  their  observations  are  of  fundamental  importance.  It  will 
be  convenient  to  classify  their  work  and  that  of  others  into  experiments  dealing 
with  "active"  and  those  dealing  with  "passive"  immunization. 

Metchnikoff  and  Roux  first  worked  with  filtered  virus  and  virus  killed  at 
51°  C.  All  their  attempts  with  such  material  were  negative  in  that  the  monkeys 
treated  with  it  could  not  be  regarded  in  any  sense  as  immunized.  In  their  re- 
ports of  these  experiments  they  remark  that  they  believed  this  to  be  due  to  an 
absolute  loss  of  power  to  incite  reaction  on  the  part  of  the  vaccine-material.  We 
emphasize  this  point  here  because  our  own  subsequent  work  inclines  us  to  be- 
lieve, with  them,  that  the  production  of  a  reaction  is  necessary  for  the  develop- 
ment of  any  considerable  degree  of  resistance. 

Neisser  carried  out  a  large  number  of  attempts  at  vaccination  in  which  he 
used  extracts  of  syphilitic  primary  lesions  and  of  the  organs  of  congenitally 
syphilitic  children,  killed  by  the  addition  of  carbolic  acid.  Unfortunately  he  as- 
sumed that  his  extract  contained  syphilitic  antigen  because  it  gave  positive  re- 
actions by  the  complement  fixation  technique  of  Wassermann,  an  assumption 
which  we  of  course  know  now  to  be  unfounded  as  far  as  any  relation  to  the  body 
substance  of  the  treponemata  is  concerned.  This,  to  our  mind,  deprives  these 
particular  experiments  entirely  of  their  negative  importance. 

In  rabbits  a  large  amount  of  work  has  been  done  by  Uhlenhuth  and  IMul- 
zer.  They  injected  living  material  from  rabbit  lesions  intravenously  and  sub- 
cutaneously,  without  ever  observing  any  evidence  of  protection  against  subse- 
quent inoculations. 

Of  perhaps  the  greatest  importance  in  connection  with  active  immuniza- 
tion are  the  attempts  made  upon  human  beings  by  dififerent  investigators. 
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Casagrandi  and  de  Luca  tried  prophylactic  immunization  on  six  human 
beings  by  injection  of  filtrates  obtained  from  primary  lesions.  Two  of  thes^ 
people  later  contracted  syphilis  in  the  ordinary  way. 

Possibly  the  most  hopeful  results  are  those  obtained  by  Spitzer  by  a  method 
suggested  by  Kraus.  Kraus,  reasoning  from  the  fact  that  syphilis  like  hydro- 
phobia was  a  disease  with  long  incubation  time,  expressed  the  hope  that  perhaps 
the  method  of  Pasteur  in  hydrophobia,  that  is,  active  immunization  during  the 
period  of  incubation  might,  in  syphilis  also,  tend  to  abort  the  disease.  Accord- 
ingly, Spitzer  treated  15  cases  of  early  syphilis  immediately  after  the  appearance 
of  the  chancre  by  subcutaneous  injections  of  emulsions  made  from  human 
chancre  material  in  dilutions  of  1:200  to  1:20.  The  cases  received  from  11  to 
20  injections  and  in  seven  of  them  the  disease  was  uninfluenced.  In  the  others, 
however,  subsequent  symptoms  were  delayed,  and  in  four,  no  generalized  symp- 
toms occurred.  In  a  later  communication,  Spitzer  reported  23  further  cases 
similarly  treated,  10  of  which  failed  to  develop  generalized  symptoms  and  in 
9  of  these  the  Wassermann  test  remained  negative.  One  of  them,  a  fact  which 
is  of  great  importance,  was  spontaneously  reinfected  with  syphilis  two  and  one- 
half  years  later.  These  results  if  accurate  in  every  way,  are  of  the  greatest  im- 
portance, but  are  diametrically  opposed  to  the  experience  of  all  other  investi- 
gators. Monkey  experiments  along  the  same  lines  by  Neisser  gave  entirely 
negative  results  and  P)randweiner  as  well  as  Kreibich  were  unable  to  confirm 
Spitzer's  results  in  man.  Further  comment  on  the  Kraus  and  Spitzer  method 
is  valueless  without  more  experimental  data.  It  is  one  of  the  few  rays  of  hope 
but  so  isolated  that  one  is  forced  to  skepticism.  Metchnikoff  and  Roux  did  al- 
most the  identical  thing  in  an  orang-outang  and  obtained  lesions  both  at  the 
point  of  the  original  inoculation  as  well  as  that  at  which  the  subsequent  "pro- 
tective" injection  was  made. 

The  only  experiments  in  which  an  attempt  at  vaccination  with  attenuated 
virus  was  made  with  some  indication  of  efficacy,  is  one  of  Metchnikoflf  and 
Roux,  the  outcome  of  an  accidental  laboratory  infection.  It  appears  that  a 
laboratory  assistant  who  had  been  attending  to  the  animals,  noticed  a  small 
lesion  on  his  lip  which  did  not  look  like  a  typical  syphilitic  chancre.  In  order 
to  allay  the  patient's  fears,  however,  Metchnikoff  and  Roux  did  inoculations 
from  the  patient  to  monkeys  and  these  were  positive.  Nevertheless,  Fournier 
after  examining  the  original  lesion  declared  it  so  unlike  the  ordinary  primary 
sore  that  he  did  not  advise  treatment.  No  secondaries  developed  in  the  patient 
nor  in  the  three  chimpanzees  inoculated  with  the  material.  From  this  occur- 
rence Metchnikoff  and  Roux  concluded  that  the  patient  had  probably  been  in- 
fected in  handling  the  monkeys,  and  that  the  virus  had  become  attenuated  by 
passage  through  these  animals.  On  the  basis  of  this  observation  they  later  in- 
oculated a  willing  subject  79  years  old  with  virus  carried  for  five  generations 
in  lower  monkeys.  The  lesion  which  developed  was  very  slight,  consisting  only 
of  a  local  induration  and  no  generalized  symptoms  developed.  A  previous  attack 
of  syphilis  Metchnikoflf  believes  could  be  reliably  excluded  in  the  subject.  The 
experimenters  suggest  that  the  passage  through  lower  monkeys  may  attenuate 
the  virus  for  man.  this  leading  to  relative  immunity  to  subsequent  inoculations, 
and  furnish  a  possible  means  of  protection.     Their  experiments  are  too  few  to 
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permit  conclusions  as  yet,  but  even  should  they  hold  good,  the  method  would 
seem  to  imply  a  considerable  degree  of  risk  and  our  experience  with  superinfec- 
tions and  reinfections  in  syphilis  does  not  encourage  the  hope  that  a  method 
so  drastic  would  be  justified  when  the  benefit  to  the  patient  is  apt  to  be  of  such 
duration  only. 

The  history  of  passive  immunization  is  an  extensive  one  and  hardly  worth 
going  into  with  any  degree  of  detail  since  many  times  extravagant  claims  have 
been  made  only  to  be  refuted  by  accurate  study.  There  is  a  great  similarity  in 
respect  to  this  between  syphilis  studies  and  those  in  tuberculosis  and  cancer. 
A  brief  examination  of  the  bibliography  in  Xeisser's  book  is  sufficient  to  con- 
vince one  of  the  many  attempts  that  have  been  made  in  this  direction  and  often 
by  methods  as  ludicrous  as  the  claims  of  success  for  which  they  formed  the  basis. 
The  most  careful  and  skillful  workers  have  uniformly  reported  failure. 
Metchnikoff  and  Roux  treated  various  monkeys  with  blood  from  syphilitic  pa- 
tients and  used  the  serum  of  these  animals  for  protective  experiments.  There 
are  a  few  instances  in  which  mixtures  of  such  serum  with  syphilitic  virus  ren- 
dered this  inactive  on  inoculation.  A  powder  made  of  this  serum  was  supposed 
to  have  some  protective  effect  when  applied  to  fresh  inoculation  spots  within  the 
first  hour  after  inoculation.  However,  injection  of  the  serum  had  no  eiTect  what- 
ever. Casagrandi  and  de  Luca  using  serum  of  a  dog  treated  with  syphilitic 
virus,  obtained  entirely  negative  results,  and  Finger  and  Landsteiner  report 
negative  results  with  monkey  blood  in  man.  The  most  extensive  experiments 
were  again  those  carried  out  by  Xeisser  and  his  associates.  They  were  done 
by  the  treatment  of  animals  with  dead  and  living  syphilis  virus,  organ  extracts, 
with  the  blood  of  syphilitic  man  and  monkey,  and  horses,  sheep,  and  monkeys 
w'ere  used  for  the  production  of  "immune"  serum.  In  no  case  was  there  the 
slightest  protective  effect  on  the  part  of  the  serum  either  in  vitro  or  in  vivo,  and 
the  results  of  the  experiment  were  unqualifiedly  negative. 

IV. 

When  the  method  of  complement  fixation  was  successfully  applied  to  the 
diagnosis  of  syphilis  first  by  Detre.  and  then  by  Wassermann,  Xeisser  and  Bruck, 
it  was  generally  assumed  that  this  reaction  incidentally  demonstrated  that 
specific  antibodies  were  formed  in  syphilis.  As  matters  have  developed,  how- 
ever, this  point  of  view  can  no  longer  be  maintained.  It  was  soon  discovered 
that  the  antigen  used  for  these  reactions  by  W'assermann  and  his  associates  de- 
rived its  "fixing"  constituent  not  from  the  body  substances  of  the  treponemata 
contained  in  the  syphilitic  organs,  but  from  certain  tissue  extractives  chiefly  of 
lipoidal  nature  which  could  be  obtained  readily  from  normal  as  well  as  syphilitic 
tissues.  Although  Bruck  and  others  who  have  occupied  themselves  with  the 
theoretical  basis  of  the  AX'assermann  reaction,  still  maintain  that  a  specific  anti- 
body may  be  incidentally  involved,  they  admit  that  this  is  the  less  important 
factor  in  the  reaction  which  depends  chiefly  upon  the  existence  of  lipotropic  sub- 
stances which  appear  in  the  course  of  the  disease  as  metabolic  products  either 
of  the  body  or  possibly  of  the  treponemata.  This  is  a  subject  which  we  will 
deal  with  in  extenso  in  another  paper.  It  is  sufficient  for  our  present  purposes 
to  point  out  that,  although  to  a  slight  extent  specific  antibodies  may  play  a  part 


I  nun  unify  in  Syphilis  797 

in  the  Wassermann  reaction,  this  is  certainly  not  the  chief  element  or  even  a 
very  important  factor  involved.  The  truth  of  this  conception  has  been  further 
confirmed  by  the  work  of  Noguchi.  of  Craig  and  Nichols,  of  Kolmer,  and  our- 
selves, in  which  it  has  been  found  that  antigens  made  with  pure  cultures  of 
treponemata  produced  a  complement  fixation  with  syphilitic  sera  to  a  very 
limited  extent  only,  and  in  our  work  in  which  we  have  been  able  to  duplicate 
the  Wassermann  reaction  in  a  large  series  of  antigens  made  from  the  treponema 
cultures,  we  have  found  that  similar  results  could  be  obtained  with  cultures  of 
colon  and  typhoid  bacilli  identically  prepared,  the  fixing  power  to  a  large  degree 
depending  upon  the  lipoidal  constituents  of  the  bacteria.  Whatever  the  ulti- 
mate explanation  of  the  Wassermann  reaction  may  turn  out  to  be  (and  this  is  a 
subject  which  it  would  not  be  profitable  to  discuss  at  length  at  this  place),  it 
cannot  be  maintained  that  as  it  exists  at  present,  it  can  be  intei^preted  as  demon- 
strating the  existence  of  true  circulating  antibodies,  analogous  to  those  found 
in  bacterial  diseases  in  the  blood  of  syphilitic  patients. 

Early  in  the  history  of  such  investigations,  Fornet  with  his  collaborators 
Schereschewsky,  Hisenzimmer,  and  Rosenfeld,  found  that  when  the  sera  of 
syphilitics  were  mixed  with  clear  extracts  of  syphilitic  livers  similar  to  those 
used  in  the  Wassermann  reactions,  precipitates  formed  which  were  not  seen  in 
similar  experiments  done  with  normal  sera.  This  Fornet  in  a  number  of  com- 
munications interpreted  as  showing  the  formation  of  precipitins  in  the  course  of 
syphilis.  At  almost  the  same  time,  L.  Michaelis  made  similar  observations  giv- 
ing them  the  same  interpretations.  The  experiments  of  Fornet  have  not  found 
universal  confirmation,  but  even  if  such  precipitin  reactions  can  be  occasionally 
observed,  they  do  not  indicate  true  precipitins  for  the  same  reasons  that  the 
Wassermann  reaction  does  not  demonstrate  true  complement  fixation  of  anti- 
bodies. The  antigens  did  not  represent  strong  treponema  antigens  and  Tacobs- 
thal  and  others  have  shown  that  with  the  ordinary  Wassermann  antigens  syph- 
ilitic sera  can  produce  precipitations  visible  under  the  dark  field,  the  basis  of 
the  complement  fixation  being,  therefore,  one  of  probable  colloidal  precipitation. 
The  formation  of  true  precipitins,  therefore,  has  nc^t  been   shown   for  syphilis. 

Investigations  of  the  cfifect  produced  upon  virulent  treponemata  by  the 
sera  of  syphilitic  individuals  liave  likewise  been  unsatisfactory.  Hoffman  and 
Prowazek  reported  in  190()  that  the  serum  of  syphilitics  in  the  later  stages  pro- 
duced immobilization  of  the  virulent  treponema  pallidum,  an  observation  which 
was  confirmed  by  Zabolotny.  Landsteiner  and  Mucha  were  not  able  to  observe 
such  immobilization,  nor  did  they  see  any  evidence  of  agglutination  in  such 
experiments.  In  a  limited  observation  of  our  own,  wo  have  also  failed  to  see 
any  regular  or  distinct  influences  of  this  kind.  It  is  not  impossible  that  a  slight 
difference  may  exist  in  this  respect  between  syphilitic  and  normal  .sera,  but  even 
if  it  occurs,  the  action  is  feeble,  irregular,  and  entirely  insufficient  to  1)0  inter- 
preted as  having  much  practical  importance  in  the  accjuisition  of  syphilis  im- 
munity. 

Treponemacidal  experiments  have  been  done  by  some  workers  al.so  with 
negative  results.  As  we  have  stated  in  another  part  of  this  paper,  the  attempt 
to  treat  syphiHtic  animals  and  man  with  the  serum  of  syphilitics  has  led  to  no 
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reliable  results,  and  no  evidence  whatever  that  can  be  accepted  has  been  adduced 
to  show  that  virulent  treponemata  may  be  killed  by  active  luetic  serum. 

As  far  as  any  opsonic  action  is  concerned,  Levaditi  in  histoloj^ical  studio 
in  congenitally  syphilitic  children  has  seen  phagocytosis  or  at  least  intracellular 
localization  of  treponemata  in  the  alveolar  cells  of  the  lung  and  in  the  par- 
enchyma cells  of  the  liver  and  kidneys.  For  reasons  not  entirely  clear  to  us. 
he  interprets  the  former  as  true  phagocytosis  and  the  latter  as  a  penetration 
of  the  treponemata  into  the  liver  cells  to  the  detriment  of  the  latter.  We  our- 
selves have  occasionally  seen  phagocytosis  in  sections  of  syphilitic  rabbit  testes, 
but  in  all  cases  the  process  was  not  a  very  active  one  and  not  much  can  be  said 
abouc  its  importance  at  present.  As  a  matter  of  fact,  Hoi)kins  and  the  writer,  in 
studying  the  mechanism  of  the  natural  resistance  of  mice  against  syphilis,  in- 
jected virulent  organisms  into  the  peritoneal  cavities  and  observed  the  tre- 
ponemata in  peritoneal  puncture  fluid,  alive,  actively  motile,  and  unphagocyted, 
though  surrounded  by  masses  of  leucocytes,  as  long  as  three  days  after  their 
injection.  It  seemed  almost  as  though  the  natural  immunity  of  such  animals 
might  be  similar  to  the  "atreptic''  cancer  resistance  spoken  of  by  Ehrlich.  The 
treponemata  did  not  multiply  in  the  mice  but  though,  naturally,  diminishing  in 
number,  were  apparently  neither  killed  nor  even  inhibited  in  motility  by  the 
peritoneal  exudates  and,  for  several  days,  swam  in  and  out  among  the  accumu- 
lating leucocytes,  often  adhering  to  them  peripherally  but  not  taken  up  by  them. 
Lack  of  entirely  satisfactory  methods  of  staining  cells  containing  treponemata 
make  it  difficult  to  speak  with  certainty  of  the  actual  occurrences.  But  we  gained 
the  distinct  impression  that  the  treponemata  were  not  actively  injured  or  de- 
stroyed until  they  had  spontaneously  died  out  owing  to  lack  of  suitable  environ- 
ment, i.e.,  nutrition. 

In  the  case  of  natural  immunity  at  any  rate,  we  do  not  think  that  phagocy- 
tosis by  the  mobile  leucocytes  plays  a  primarily  important  role.  However,  these 
experiments  will  need  further  elaboration. 

The  search  for  antibodies  gained  new  vigor  when  the  efforts  of  Schereschew- 
?,ky,  Muhlens,  Hofl:"man,  and  especially  Xoguchi.  had  resulted  in  successful 
cultivation  of  treponemata  from  syphilitic  lesions  in  man  and  animals.  It  was 
hoped  that  with  the  causative  organisms  isolated,  immunization  and  a  clear 
understanding  of  the  antibodies  in  syphilis  might  yield  practical  results.  Kol- 
mer  observed  that  cultivated  treponemata  were  agglutinated  in  the  sera  of  rab- 
bits treated  with  culture  material,  and  such  agglutinins  were  produced  in  high 
potency  by  the  writer  with  Hopkins.  Subsequently  in  our  own  laboratory  with 
Hopkins  and  McBurney,  extensive  experimentation  on  the  production  of  anti- 
bodies with  culture  pallida  were  carried  out. 

We  were  able  to  show  that  not  only  were  agglutinins  formed  by  the  im- 
munization of  rabbits  with  such  cultures,  but  also  that  treponemacidal  antibodies 
which  were  analogous  to  the  ordinary  bactericidal  substances  in  such  sera  were 
present.  Also,  it  was  shown  by  cross  agglutination  and  absorption  experi- 
ments, that  treponemata  cultivated  from  various  sources  were  related  in  group 
reactions. 

Indeed,  experiments  done  with  cultivated  treponemata  (much  facilitated  by 
the  discovery  of  a  simple  method   of  obtaining  mass   cultures  of  old  strains) 
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seemed  at  first  very  encouraging  in  that  animals  immunized  with  the  cultures 
responded  by  powerful  antibody  formation.  It  was  a  perfectly  justified  hope, 
therefore,  that  antibodies  produced  with  these  "attenuated"  or  rather  "avirulent" 
strains  might  have  some  action  on  the  virulent  treponemata  in  luetic  lesions. 
However,  subsequent  work  in  this  direction  disappointed  such  expectations.  We 
may  briefly  review  this  work  as  follows : 

The  serum  of  rabbits  immunized  with  "culture"  pallida  although  potent 
against  "culture"  pallida,  had  no  efifect  either  in  agglutinating  the  virulent  or- 
ganism from  rabbit  lesions,  nor  did  it  exert  any  protective  influence  when  the 
virulent  organisms  were  subjected  to  its  action  before  injection. 

Conversely,  the  serum  of  syphilitic  rabbits  showed  but  a  very  slightly  in- 
creased agglutinating  power  for  the  "culture"  pallida.  This  increase  of  potency 
in  a  few  experiments  was  definite  but  very  slight,  a  few  of  the  syphilitic  animals 
agglutinating  as  highly  as  1  :25  and  1 :50,  whereas  most  of  the  normal  rabbits 
agglutinated  in  1 :10  and  some  of  them  1 :25. 

Although  Kissmeyer  has  recently  reported  that  diagnostic  use  might  be 
made  of  the  fact  that  sera  of  syphilitic  individuals  agglutinated  the  "culture" 
pallida,  we  have  tried  this  with  a  considerable  number  of  cases  and  found  that 
although  the  sera  of  tertiary  syphilitics  will  sometimes  agglutinate  a  little  more 
highly  than  will  the  sera  of  normal  individuals,  yet  many  patients  suffering  from 
non-syphilitic  diseases  agglutinated  as  highly  and  almost  as  regularly  as  did  the 
syphilitics. 

We  have  come  to  the  conclusion,  therefore,  as  far  as  our  work  has  gone, 
that  in  the  syphilitic  human  being  there  is  as  little  agglutinin  formation  against 
the  "culture"  treponema  as  there  seems  to  be  against  the  virulent  organisms. 
If  the  slightly  greater  agglutinating  power  found  in  some  of  the  tertiary  syph- 
ilitics can  be  considered  at  all,  the  reaction  is  so  feeble  that  it  is  negligible  from 
the  points  of  view  either  of  diagnostic  value  or  protective  importance. 

Furthermore,  vaccination  either  intravenously  or  locally  into  the  testis  with 
cultures  has  thus  far  failed  to  protect  rabbits  against  subsequent  inoculation  with 
virulent  material,  and  passive  immunization  with  sera  produced  with  "culture" 
pallida  has  been  without  effect. 

From  all  this  it  appears  that  the  "culture"  treponema  has  immunologically 
no  relation  to  the  virulent  organism.  It  has  lost  its  virulence  completely,  as  six 
and  more  successive  inoculations  into  rabbit  testes  have  sufficiently  demon- 
strated to  us. 

The  sera  produced  by  many  injections  of  dead  and  living  culture  organ- 
isms, have  no  effect  whatever  on  the  virulent  organisms  in  vitro,  and  vaccination, 
with  it  does  not  protect  against  subsequent  infection. 

The  luetin  reaction  is  the  only  method  by  which  the  relationship  betweenr. 
the  two  is  demonstrable  at  all.  .iiul  there  too,  we  have  to  reckon  with  what  is- 
generally  spoken  of  as  tlic  non-specific  increased  sensitiveness  of  the  syphilitic- 
skin. 

Were  it  not  for  the  production  of  lesions  with  cultures  in  their  early  test 
tube  generations  by  Hoft'man.  and  by  Noguchi  in  a  few  experiments,  one  would' 
be  almost  in  doubt  as  to  the  identity  of  the  virulent  with  the  culture  organisms.. 
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V. 

The  reactions  in  syphilis  between  the  invading  microorganism  and  the  in- 
vaded subject  thus  differ  in  certain  fundamental  premises  from  those  prevailing 
in  diseases  caused  by  most  bacteria.  The  treponema  pallidum  is  an  organism 
which,  unlike  many  bacteria,  is  rarely  subjected  to  the  necessity  of  adapting  it- 
self to  extra-corporeal  existence  durintj  the  interval  between  its  passage  from  one 
host  to  another.  It  practically  always  infects  directly,  being  inoculated  from  one 
human  being  to  the  next  and  has  in  consequence  developed  a  very  delicate  para- 
sitism not  unlike  that  seen  in  certain  trypanosome  diseases  of  rats  and  that  which 
we  ourselves  have  observed  in  the  well-known  spirochaete  infections  of  white 
mice.  A  considerable  percentage  of  laboratory  white  mice  have  been  found  to 
harbor  actively  motile  spirochaetes,  often  in  considerable  numbers  in  the  blood 
and  peritoneal  fluid  without  there  being  any  objective  signs  of  illness  in  the  ani- 
mals. It  is  an  instance  of  what  has  been  spoken  of  by  Rail  as  "infection  without 
disease,"  and  approaches  what  biologists  speak  of  as  symbiosis,  except  that  the 
host  in  this  case  does  not  benefit  in  any  way  by  the  invasion.  Even  in  the  case 
of  the  mice,  a  certain  amount  of  gradual  injury,  perhaps  only  metabolic,  by  the 
slow  removal  of  nutritive  material,  is  taking  place.  In  syphilis  the  mutual  adapta- 
tion may  perhaps  be  less  complete,  a  sufficient  accumulation  of  the  invaders  and 
especially  a  mechanical  injury  of  tissue  cells,  of  closing  of  tissue  spaces  to- 
gether with  a  certain  amount  of  toxic  action,  leading  eventually  to  pathological 
changes. 

The  virulent  treponemata  apparently  do  not  arouse  true  antibody  forma- 
tion in  any  marked  degree.  When  they  have  been  cultivated  and  have  become 
accustomed  to  the  test  tube  conditions  they  entirely  lose  their  virulence,  are 
easily  attacked  by  the  active  constituents  of  animal  serum,  and  are  probably 
amenable  to  phagocytosis.  When  such  cultures,  living  or  dead,  are  injected  into 
animals  they  act  like  other  specific  protein  antigens  and  incite  the  formation  of 
antibodies.  However,  these  antibodies  have  no  effect  whatever  upon  the  viru- 
lent organisms. 

In  consequence,  it  cannot  astonish  us  that  all  efforts  at  passive  immuniza- 
tion with  the  sera  of  syphilitic  man  and  animals,  or  with  those  of  animals  sys- 
tematically treated  with  dead  virulent  materials,  have  been  unqualified  failures. 

However,  this  does  not  preclude  the  theoretical  possibility  of  active  im- 
munization or  vaccination  with  such  materials  since,  in  this  case,  the  antigen  dis- 
tributed from  the  points  of  injection  might  act  upon  tissue  cells  throughout  the 
body.  However,  with  the  exception  of  the  unconfirmed  reports  of  Spitzer,  all 
attempts  to  vaccinate  either  with  dead  virulent  material,  or  with  living  and  dead 
culture  material,  have  been  disappointing.  The  few  experiments  of  Metchnikoff 
with  virus  "attenuated"'  by  passage  through  monkeys  have  indeed  seemed  to  in- 
dicate some  possibility  of  approaching  the  subject  from  this  direction,  but  these 
isolated  observations  have  been  very  logically  criticized  by  Neisser  and  should 
not  bear  too  much  weight.  The  observations  were  made  on  two  cases  only,  both 
of  them  well  along  in  life,  and  the  validity  of  the  important  conclusions  drawn 
rests  entirely  on  the  always  problematical  fulcrum  of  complete  exclusion  of 
previous  syphilitic  infection  in  the  two  subjects.  Moreover,  attempts  in  this  di- 
rection would  be  fraught  with  a  considerable  amount  of  danger  and  it  is  there- 
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fore  questionable  whether  experimentation  along  these  lines  is  sufficiently  promis- 
ing- to  he  justified.  There  is  certainly  no  attenuation  for  man  by  passage  through 
rabbits  as  has  been  sufficiently  proven  by  a  number  of  accidental  infections,  an 
instance  of  which  m  a  laboratory  Diener  has  been  reported  by  Graetz  and  Del- 
banco. 

We  may  state,  therefore,  as  safely  summarizing  our  knowledge  of  the  con- 
ditions in  syphilis  that  the  resistance  which  undoubtedly  develops  during  the 
course  of  the  disease  is  one  which  depends  upon  reaction  to  the  living  virus  only, 
cannot  so  far  be  produced  in  animals  by  systemic  treatment  w^ith  dead  trepone- 
mata,  and  does  not  express  itself  in  the  formation  of  significant  amounts  of  cir- 
culating antibodies  analogous  to  those  observed  in  bacterial  diseases.  Moreover-, 
it  is  a  well-known  fact  that  the  treponemata  can  continue  to  do  injury  to  many 
organs  and  tissues  at  a  time  when  reinfection  by  the  paths  of  skin  and  mucous 
membranes  is  no  longer  possible. 

How,  then,  are  we  to  explain  this  peculiar  state  of  affairs?  A  clue  to  the 
problem  we  think  is  found  in  the  20  rabbits  which  Hopkins,  McBurney  and  the 
writer  inoculated  into  the  testes  after  apparent  recovery  from  a  previous  lesion. 
Ordinarily  in  rabbits,  as  we  have  stated  before,  no  generalized  resistance  is  de- 
veloped during  the  disease,  and  the  opposite  testis  can  be  successfully  inoculated 
before,  during,  and  after  the  existence  of  a  lesion  on  the  other  side.  In  these 
rabbits  it  was  found  that  testes  that  had  apparently  recovered  from  a  previous 
lesion,  were  not  subsequently  as  easily  infected  as  were  normal  testes.  It  has 
seemed  to  us  from  this  as  well  as  from  a  careful  study  of  the  observations  of 
other  investigators,  that  resistance  in  syphilis  was  probably  a  matter  of  localized 
reaction.  Tissues  which  have  sustained  active  invasion  with  the  living  virus  re- 
act and  gain  thereby  a  certain  degree  of  resistance  which  expresses  itself  in  a 
failure  to  react  to  subsequent  inoculation.  This  would  explain  why  in  syphilis 
of  the  human  being  reinoculation  is  unsuccessful  and  reinfection  of  the  skin  and 
mucosae  does  not  occur  spontaneously  at  a  period  later  than  the  early  secondary 
stages  when  the  virus  has  become  systemically  distributed.  It  would  further- 
more explain  why  in  this  disease  organ  after  organ  may  be  pathologically  in- 
volved when  skin  infection  is  no  longer  possible.  This  point  of  view  is  entirely 
in  harmony,  though  j)erhaps  from  a  slightly  dififerent  aspect,  with  the  skin  im- 
munity suggested  by  Kraus  and  Volk,  where  the  resistance  is  attribvited  to  the 
tissue  as  a  whole  rather  than  to  a  local  cell  group.  The  cells  which  have  once 
reacted  to  the  living  \irus  no  longer  respond,  i.  e.,  can  no  longer  be  injured  for 
an  indefinite  period  after  recovery.  However,  the  factors  which  lend  them  this 
resistance,  whatever  they  may  be,  are  not  distributed  to  ihe  blood  stream  in  a 
way  analogous  to  that  in  which  antibodies  are  mobilized  in  bacterial  diseases, 
and  the  effect  of  the  resistance  of  the  local  area  is  not  distributed  to  remote 
parts  of  the  body.  It  is  of  course  likely  that  a  certain  amount  of  phagocytosis 
of  treponemata  by  the  now  resistant  fixed  cells  may  account  for  the  absence  of 
local  injury.  This,  however,  we  have  not  yet  been  al'le  to  prove  sufficiently  and 
further  studies  on  this  point  are  necessary.  As  far  as  any  positive  evidence  can 
be  adduced  at  the  ])rescnt  time,  the  newl}-  entering  tre]K)nemata  may  not  he  cii- 

Itirely  destroyed.  It  mav  well  be  that  the  tissues  do  not  react  and  are  in  the  state 
----"'■■' ' ■' ■■' 
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may  nevertheless  remain  uninjured  and  be  as  capable  of  subsequently  causing 
lesions  in  other  locations  as  are  those  already  present  in  the  patient.  This  phase 
is  bemg  studied  by  comparative  histological  observation  on  the  fate  of  trepone- 
mata  which  have  been  injected  into  normal  tissues  and  into  tissues  rendered  re- 
sistant by  previous  infection. 

In  animals  like  monkeys  and  man  where  generalization  is  rapid  and  ap- 
parently complete,  the  resistance  becomes  a  general  one.  In  animals  like  the 
rabbit  in  which  the  lesion — or  in  other  words  pathological  response,  occurs  in  a 
few  organs  only,  the  resistance  is  limited  to  the  particular  or^an  or  organs  that 
have  previously  developed  a  lesion. 

It  must  not  be  forgotten  that  such  a  resistance  probably  persists  for  a 
limited  time  only,  and  does  not  imply  the  sterilization  of  the  body  and  the  com- 
plete destruction  of  the  microorganisms.  These  may,  and  probably  do,  remain 
alive  and  potent  in  various  parts  of  the  body,  capable  of  again  setting  up  new 
lesions  in  parts  hitherto  uninvolved  or  again  susceptible  after  a  diminution  of 
their  local,  acquired  resistance.  That  the  virulent  treponemata  may  remain 
thus  latent,  alive  and  virulent  has  been  sufficiently  shown  in  animal  experimenta- 
tion by  successful  inoculation  with  tertiary  lesions  and  by  the  frequent  late  ac- 
cidents, especially  of  the  nervous  system,  in  individuals  apparently  cured  or  for 
a  long  time  wdthout  symptoms. 

It  would  seem  when  we  analyze  the  conditions  in  syphilis  that  complete 
sterilizing  immunity  or,  in  other  words,  complete  cure,  occurs  but  rarely  with- 
out specific  medicinal  aid,  and  that  the  untreated  syphilitic  (if  such  an  un- 
fortunate individual  exists  in  a  civilized  countr>^)  might  go  on  to  apparent  cure, 
in  that  a  general  syphilization  of  his  body  would  bring  about  a  general  resistance, 
but  would  always  harbor  virulent  treponemata  which  could  cause  recrudescences 
in  parts  in  which  resistance  was  diminished,  and  eventually  kill  by  degenerative 
processes  in  the  central  nervous  system  where  many  injuries  cannot  be  com- 
jpensated  for  as  is  possible  in  other  organs. 

The  resistance  which  develops  is  apparently  a  new  attribute  only  of  the 
cell  groups  which  have  undergone  direct  reaction  with  the  treponemata.  This 
resistance  may  consist  merely  in  the  complete  failure  of  the  tissue  cells  to  re- 
act to  the  virus,  a  sort  of  "tissue  indifiference"  or  "Anergic."  It  may  be,  how- 
ever, and  probably  is,  accompanied  by  a  certain  amount  of  active  defense  in  the 
form  of  local  phagocytosis  of  the  treponemata  by  the  fixed  tissue  cells. 
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THE  ESTIMATION  OF  SUGAR  IN  THE  BLOOD  1^'    THE   EEWIS-I^EN- 

EDICT  METHOD.    A  GRAI'H  FOR  OBTAINING  DIKECTEY 

THE  PERCENTAGE  OF  DEXTROSE* 


By  Louise  McDanell,  Nkw  Havkx,  Conn. 


PUBLISHED  less  than  two  years  ago,  the  method  of  Lewis  and  llencdict^ 
for  the  determination  of  blood  sugar  has  been  very  widely  and  successfully 
used.  In  this  method,  the  red  color  due  to  the  reduction  of  picric  acid  to 
picramic  acid  by  dextrose,  in  an  alkaline  medium,  is  made  the  basis  of  a  colori- 
metric  determination.  Two  c.c.  of  blood,  measured  in  an  Ostwald  pipette,  are 
called  for.  Variations  of  the  original  method  have  been  proposed  by  Pearce,^ 
and  by  Myers  and  Bailey,^  the  same  amount  of  blood  being  employed  in  each 
instance ;  and  by  Epstein,*  who  uses  but  a  fraction  of  a  cubic  centimeter  of 
blood. 

It  frequently  happens,  however,  that  it  is  more  convenient  to  weigh  the 
samples  of  blood  than  to  measure  them,  and  also  that,  owing  to  the  delicacy  of 
the  method,  when  duplicate  determinations  are  not  essential,  smaller  samples 
are  sufficient.  Especially  is  this  true  when  it  is  desirable  to  take  a  large  number 
of  samples  from  small  animals. 

The  details  of  the  method,  as  we  have  applied  it.  are  here  given. 

Glass  stoppered  weighing  bottles  holding  about  30  c.c.  (22  by  75  mm.)  are 
graduated  to  12.5  c.c.  About  3  c.c.  of  water  are  introduced  into  the  bottle,  and 
the  whole  accurately  weighed.  Into  this  about  1  c.c.  of  blood  is  allowed  to  drop 
from  a  small  cut  in  tht  ear  vein  of  the  rabbit  (as  described  later),  care  being 
taken  to  insure  thorough  hemolysis.  The  bottle  is  weighed  at  once.  Seven  and 
a  half  c.c.  of  a  saturated  aqueous  solution  of  picric  acid  are  added,  the  con- 
tents made  up  to  the  mark  with  water,  and  thoroughly  shaken,  thus  precipitating 
completely  the  proteins  of  the  blood.  From  this  it  is  not  difficult  to  obtain  8  c.c. 
of  filtrate,  if  small  folded  filters  are  used,  or  better,  hardened  papers  with  the 
aid  of  suction.  Eight  c.c.  of  the  filtrate  are  pipetted  into  a  Jena  glass  test  tube, 
at  least  22  by  200  mm.  in  size,  to  which  are  added  2  c.c.  of  the  saturated  picric 
acid  solution,  1  c.c.  of  a  10  per  cent  solution  of  sodium  carbonate  (anhydrous 
salt),  4  drops  of  kerosene  (instead  of  mineral  oil)  to  prevent  frothing,  and  2  or 
3  glass  beads.  This  solution  is  evaporated  to  dryness  over  a  free  flame.  With 
the  use  of  a  very  hot  flame  and  constant  shaking  the  evaporation  may  be  ac- 
complished in  two  or  three  minutes,  without  loss  of  material. 

The  residue  is  dissolved,  with  the  aid  of  heat,  in  about  3  c.c.  of  water, 
transferred  quantitatively  to  a  small  test  tube,  graduated  to  10  c.c,  and  diluted 
to  the  mark.  These  test  tubes  have  been  found  entirely  satisfactor}-,  and  can 
be  graduated  much  more  easily  than  10  c.c.  volumetric  flasks  can  be  obtained  at 
the  present  moment.  Traces  of  kerosene  that  remain  are  removed  by  filtering, 
through  Small  folded  filters,  into  the  colorimeter  chamber  or  another  test  tube. 
This  solution  should  stand  not  less  than  five  nor  more  than  twenty  minutes  be- 
fore being  compared  in  a  Duboscq  colorimeter  with  the  standard  described  below. 

*From   the   Sheffield   Lahoratory  of   Physiological   Chemistry,   Yale   University. 
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Daylight  from  a  north  window  is  always  used  for  reading  the  colorimeter. 
the  mirror  being  set  at  the  angle  to  give  the  lightest  yellow  tone  to  the  standard. 
In  testing  out  the  method,  this  was  found  necessary  in  order  to  obtain  uniform 
results.  If  it  is  late  in  the  day,  the  material,  evaporated  to  drjmess,  is  left  in  the 
Jena  glass  tube  until  the  next  morning. 

The  standard  color,  with  which  the  unknown  solution  is  compared,  is  ob- 
tained from  0.64  mgm.  of  dextrose,  5  c.c.  of  saturated  picric  acid,  and  1  c.c.  of 
a  10  per  cent  solution  of  sodium  carbonate,  evaporated  over  a  free  flame,  and 


I 


I 

I 


RtADING    OP  COLORIMETER 


MILLIMETERS 


Fig.    1. — {".raph   for  ohtainiiig  the   percentage  of  dextrose   in   tlu-   liloixi    (l.ewis-Uenedict   method). 
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diluted  to  10  c.c.  as  was  the  unknown.  A  satisfactory  permanent  standard  con- 
sists of  a  solution  of  picramic  acid,  which  has  approximately  the  same  color, 
and  keeps  perfectly.  It  requires  0.064  gm.  of  picramic  acid  and  0.100  gm.  of 
anhydrous  sodium  carbonate.  The  picramic  acid  -is  dissolved,  with  the  aid  of 
heat,  in  25-30  c.c.  of  distilled  water  made  alkaline  with  the  sodium  carbonate. 
This  is  cooled  and  diluted  to  one  liter.  It  should  be  standardized  against  pure 
dextrose. 


-62.5- 


IJ  ? 


Fig.    2. — Diagram    of    "boot-jack"    holder    for    rabbit.      The    dimensions    are    given    in    centimeters. 


Fig.    3. — Rabbit   fastened   to    board.  \ 

The  general  formula  given  by  Lewis  and  Benedict,  for  the  percentage  of     | 
dextrose  in  the  unknown  is : 

Percentage  of  dextrose reading  of  standard      mgm.   of  dextrose  in  standard      _  - 

in  blood  reading  of  unknown      grams  of  blood  used 

Under  the  conditions  here  specified — the  standard  containing  0.64  mgm.  of 
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dextrose,  with  the  Duboscq  colorimeter  set  at   10  mm.,  and  the  actual  use  of 
8/12.5  of  the  sample  taken — this  formula  becomes : 

1 
Percentage  of  dextrose  in  bloods 


reading  of  unknownXweight  of  sample — grams 

To  avoid  calculations,  the  accompanying  graph  (Fig.  1)  was  constructed. 
Weights  of  blood  are  represented  by  the  ordinates,  and  colorimeter  readings  of 
the  unknown  by  the  abscissas.  For  a  given  sample,  the  relation  of  the  point  of 
intersection  of  these  two  lines  to  the  percentage  curves  between  which  the 
point  lies  is  readily  determined.  For  example,  if  the  sample  of  blood  weighs  0.89 
gms.,  and  the  reading  of  the  colorimeter  is  10.7  mm.,  the  sample  contains  0.105 
per  cent  of  dextrose.  The  points  on  the  curves  were  calculated  from  the  for- 
mula, which  is  used  whenever  either  of  the  values  lies  beyond  the  range  of  the 
chart.  As  suggested  by  Lewis  and  Benedict,  when  the  percentage  of  sugar  in  the 
blood  is  high,  the  final  volume  should  be  made  25  c.c.  or  30  c.c,  instead  of  10 
c.c,  and  the  results,  as  given  by  the  graph,  multiplied  by  2.5  or  5.0. 

If  it  is  desired  to  make  duplicate  determinations,  approximately  twice  as 
much  blood  should  be  taken,  15  c.c.  of  picric  acid  added,  and  the  volume  made 
up  to  25  c.c.  Using  8  c.c.  aliquots,  as  above,  the  results  are  readily  obtained  from 
the  graph,  if  the  weight  of  the  sample  is  first  divided  by  two.  Similarly  the  graph 
is  available  for  use  with  the  original  method  in  which  2  c.c.  of  blood  are  used,  the 
value  for  the  weight  of  the  sample  then  always  being  1  gram. 

A  METHOD  FOR  OBTAINING   BLOOD   FROM    RABBITS. 

The  description  of  a  method  for  collecting  blood  from  rabbits,  which  has 
been  in  use  successfully  for  several  years  in  this  laboratory  may  be  a  help  to 
workers  in  other  places.  None  of  the  devices  employed  present  any  features 
of  extreme  novelty,  but  the  mode  of  their  application  appears  not  to  be  widely 
known. 

The  animal  is  fastened  gently  on  the  familiar  "boot-jack"  holder,  which  is 
shown  in  Fig.  2.  Fig.  3  shows  the  animal  in  position  on  the  board,  ^^'hen  it 
is  desired  to  take  blood  from  the  ear,  the  board  is  hung  as  shown  in  Fig.  4. 
After  the  fur  is  clipped  from  a  portion  of  the  ear  over  the  vein  to  be  used,  pref- 
erably the  marginal  one,  a  small  cut  across  the  vein  is  made  with  a  very  sharp 
razor,  and  the  blood  is  allowed  to  drop  into  a  container.  By  this  method  vary- 
ing amounts  of  blood  may  be  obtained  easily  and  quickly,  and  samples  may  be 
taken  many  times  from  the  same  animal.  Recently  we  have  taken  samples 
from  rabbits  twice  daily  for  six  weeks. 

The  ear  must  be  kept  dry  to  prevent  the  blood  from  spreading  on  the  sur- 
face, any  clotting  blood  being  removed  with  absorbent  cotton.  A  good  blood- 
flow  may  best  be  promoted  by  rubbing  the  ear  vigorously  before  the  animal  is 
put  on  the  board.  The  circulation  may  be  further  improved  by  bringing  a 
lighted  electric  bulb  near  the  ear.  Toluene  and  xylene,  widely  recommended 
for  use  in  producing  local  hyperemia,  are  too  irritating  for  frequent  application. 
Usually  the  bleeding  may  be  stopped  by  pressing  a  small  piece  of  cotton  against 
the  cut  and  holding  it  there  a  few  seconds  to  allow  the  blood  to  clot;  or  an 
artery  clamp  may  be  used,  though  the  clamp  is  avoided  wherever  possible,  as 
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its  use  increases  the  difficulty  of  obtaining  samples   from  the  same  place   sub- 
sequently.   Alcohol  is  used  to  disinfect  the  cut  after  the  sample  has  been  taken. 


Fig.  4. — Rabbit  in  position  for  taking  blood   from   ear. 
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THE  ROLE  OF  CHOLESTEROL  IN  PATHOLOGY* 


By  J.  C.  Small.  Chicago,  III. 


ll  /^HOLESTEROL  occurs  universally  distributed  in  the  plant  and  animal  tis- 
^^-^  sues,  occurring  in  the  former  in  an  isometric  form  called  phytocholestcroL 
Chemically  it  is  classed  in  the  sterol  group  of  lipins.  It  was  first  isolated  from 
gall  stones  in  1785  but  its  true,  nonsaponifiable,  fat-like  nature  was  not  discovered 
until  1814.  When  pure  it  crystallizes  in  white,  plate-like  rhombic  cr}-stals 
which  are  soluble  in  soap  solutions ;  readily  soluble  in  bile  salts ;  and 
freely  soluble  in  hot  alcohol,  hot  or  cold  ether,  carbon  disulphide,  chloro- 
form, benzene  and  acetone.  Its  exact  molecular  structure  is  not  known. ^  The 
following  groups  have  been  identified :  a  secondary  alcohol  standing  between 
two  methylene  groups,  a  terminal  vinyl  group,  and  probably  four  saturated  hexa- 
carbon  rings.  There  is  one.  or  perhaps  two,  double  bonds.  It  belongs  to  the 
terpenes  and  is  probably  closely  related  to  the  bile  acids.  Its  empirical  formula 
is  C.-H4j,OH  or  C27H43OH.  In  general  its  chemistry  is  that  of  secondary  alco- 
hols. It  readily  forms  crystalline  esters  many  of  which  on  cooling  show  a  beauti- 
ful play  of  colors. 

Quantitatively,  it  may  be  determined  gravimetrically.  or  colorimetrically  by 
recently  perfected  methods.-  The  gravimetric  method  is  based  on  the  reaction 
between  cholesterol  and  digitonin  which  results  in  the  formation  of  a  precipitate 
sufficiently  stable  to  be  dried  and  weighed.  The  colorimetric  methods  are  based 
essentially  on  the  high  color  property  of  various  cholesterol  esters,  the  color 
values  developed  in  unknown  solutions  being  read  by  means  of  a  standard  color- 
imeter against  that  developed  in  a  known  solution.  Colorimetric  methods  are 
admirably  adapted  to  a  study  of  the  fluids  of  the  body,  but  at  best  they  are  less 
accurate,  giving  slightly  lower  results  than  the  digitonin  method. 

The  physiological  significance  of  cholesterol  has  been  the  subject  of  much 
controversy.  Even  now  our  knowledge  of  this  subject  lags  sadly  behind  the 
knowledge  of  its  pathological  significance.  The  work  on  which  the  present  views 
of  the  metabolism  of  cholesterol  are  based  has  practically  all  been  done  by  one 
group  of  English  investigators. 

Of  historical  interest  is  Flint's"'  idea  suggested  in  1862  that  cholesterol  is  an 
important  factor  in  intoxications,  especially  in  icterus.  He  claimed  that  the  liver 
excreted  cholesterol  from  the  blood  and  that  anv  disturbance  of  this  function,  re- 
suiting  in  bile  retention,  caused  an  accumulation  of  cholesterol  in  the  blood  with 
subsequent  symptoms  of  toxemia. 

I'^jllowing  !iim  Pages^  in  1896  and  Miiller"  in  1873,  injected  cholesterol  into 
ihc  blood  stream  with  results  which  led  them  to  confirm  its  toxic  properties.  Felz 
and  Ritter,"  in  1876,  and  Rywasch,'  in  1888,  rei)eate(,l  these  experiments  with  op- 
posite results  establishing  the  view  which  has  since  been  repeatedly  confirmed, 
that  cholesterol  is  non-toxic.  In  1902  Kaiserling  and  Orgler"  described  under 
the  name  of  "myelin"  certain  intracellular  droplets  in  the  norni.-il  adrenal  cortex 
which  difl'ered   from  fat  in  being  dduMy  refractive  and   in   staining  but  slightly 

*From  the  nepartment  of   Pathology.   I'liivcrsiiy  of   Illinois. 
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gray  with  osmic  acid.  In  1907  Panzer''  and  also  AsclKjffi''  showed  these  to  be 
droplets  of  cholesterol  esters.  About  the  same  time  Lorrain  Smith^'  and  Dietrich^" 
separately  devised  methods  for  the  differential  staining  of  these  droplets  and  a 
little  later  Aschofif^-^  and  Kawamura''  presented  the  first  detailed  morpholo;:(ical 
studies  of  them. 

With  the  perfection  of  these  methods  for  the  mori)hological  and  the  chemi- 
cal study  of  cholesterol  the  work  received  a  great  impetus.  As  previously  men- 
tioned, one  group  of  investigators  addressed  themselves  to  the  physiological  side 
of  the  problem.  This  work  appears  under  the  authorship  of  Doric,  Ellis,  Gardner 
and  co-workers^-^  in  a  series  of  articles  from  190.S-1912  entitled  "The  Origin  and 
Destiny  of  Cholesterol  in  the  Animal  Organism."  Their  earlier  work  suggested 
the  following  hypotheses : 

1.  Cholesterol  is  present  in  all  cells,  and  it  is  not  excreted  as  a  waste  prod- 
uct when  the  cell  breaks  down,  but  is  resorbed  and  utilized  in  building  neA-  cells. 

2.  A  function  of  the  liver  is  to  break  down  red  blood  cells  and  eliminate 
their  cholesterol  into  the  bile. 

3.  Cholesterol  in  the  form  of  its  esters  is  resorbed  along  with  bile  from  the 
intestine. 

Their  later  work  supports  these  hypotheses  and  seems  to  warrant  the  fol- 
lowing conclusions : 

1.  An  increase  in  the  cholesterol  and  cholesterol  esters  of  the  blood  and 
liver  directly  proportional  to  an  increased  intake  of  cholesterol  in  the  diet  oc- 
curs in  animal  feeding  experiments,  but  the  kidney  content  is  not  affected. 

2.  \M-iere  food  is  withheld  (inanition)  there  occurs  an  increase  in  the 
cholesterol  content  of  the  blood,  liver  and  kidneys  as  well.  In  the  latter  the 
increase  is  due  for  the  most  part  to  cholesterol  esters. 

3.  In  the  human  a  cholesterol  balance  can  be  established,  i.e.,  the  ingested 
cholesterol  can  all  be  accounted  for  in  the  feces,  but  the  incidence  of  an  acute 
infection  with  loss  of  weight  disturbs  this,  yielding  a  positive  balance  in  the 
feces. 

AA'ithin  the  last  year,  Lander^''  reports  results  which  prompt  him  to  em- 
phasize the  ability  of  the  organism  to  pick  out  and  conserve  cholesterol  from  a 
diet  of  an  exceedingly  low  cholesterol  content.  The  normal  content  of  the  vari- 
ous tissues  and  fluids  will  be  considered  at  another  place  insofar  as  it  bears  on 
the  pathological  conditions  to  be  studied. 

Qualitative  considerations  with  reference  to  the  cholesterol  content  of  the 
blood  and  bile  are  of  interest  in  view  of  the  light  which  they  shed  upon  a  func- 
tion of  the  liver.  The  cholesterol  content  of  normal  blood  is  fairly  constant  (1.5 
to  1.8  gms.  p.m.)  and  is  so  distributed  that  the  cellular  elements  contain  largely 
free  cholesterol  while  the  blood  serum  contains  both  free  cholesterol  and  choles- 
terol esters.  The  corpuscle  content  is  affected  but  little  by  enriching  the  medium 
in  which  they  float.  It  has  been  pointed  out  that  while  the  blood  on  the  whole 
is  richest  in  cholesterol  esters,  the  bile  is  richest  in  free  cholesterol  and  that  an 
increased  content  of  the  former  induces  a  corresponding  increase  in  the  latter.^" 
This  would  seem  to  suggest  a  specific  enzyme  for  splitting  cholesterol  esters. 
Such  a  cholesterase  has  been  described. ^^  The  recognition  of  the  occurrence  of 
cholesterol  in  pathological  conditions  dates  back  to  the  time  of  its  preparation 
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from  gall  stones.  From  the  standpoint  of  the  morphologist  a  vast  number  of 
conditions  have  been  known.  A  few  of  the  more  important  ones  only  can  be 
considered. 

1.  The  so-called  "pure"  cholesteral  gall  stones  range  from  90  to  98  per 
cent  of  pure  cholesterol.  Their  formation  has  variously  been  attributed  to  de- 
creased alkalinity,  decreased  amount  of  bile  salts,  inflammation,  colloid  defloccula- 
tion  and  to  an  increased  secretion  of  cholesterol  with  resorption  of  its  solvents 
from  stagnating  bile.^^  The  frequency  of  gall  stones  in  women  as  shown  by 
clinical  and  post  mortem  records-"  and  the  high  cholesterol  content  of  the  bile 
during  pregnancy  are  significant  facts  in  view  of  the  latter  theory. 

2.  Cholesterol  crystals  occur  in  the  tissues  in  a  great  variety  of  conditions, 
such  as  the  atheromatous  patches  in  blood  vessels,  encapsulated  caseous  areas, 
old  infarcts  and  hematomas,  dermoid  cysts  and,  in  especially  large  amounts,  in  the 
cholesteatomatous  tumors  of  the  ear  and  cranial  cavity.  LeCount,-^  in  1902, 
was  the  first  to  describe  accurately  the  cholesterol  giant  cells  so  frequently  seen 
in  these  conditions.  Crj^stals  also  occur  in  old  pleural  effusions,  hydrocele  fluids, 
and  in  the  cerebrospinal  fluids,  especially  in  tertiary  syphilis. 

Kaiserling  and  Orgler*  on  recognizing  the  anisotropic  droplets  in  the  nor- 
mal adrenal  cortex  extended  their  studies  to  pathological  conditions  and  identi- 
fied them  in  amyloid  kidneys,  pneumonia  exudates,  retrogressive  tumor  and 
thymus  changes,  corpus  luteum,  etc.  This  condition  has  been  called  cholesterol 
ester  fatty  metamorphosis"  and  is  especially  prone  to  occur  in  the  parenchymal 
cells  derived  from  the  urogenital  anlage.  Most  conspicuous  deposits  occur  in 
the  epithelium  of  the  "large  white  kidney,"  which  are  identical  to  the  "pro- 
tagone"  bodies  of  the  earlier  histologists.  This' has  also  been  spoken  of  as  the 
setting  free  of  the  invisible  cell  lipin  by  autolytic  processes  akin  to  those  giving 
rise  to  the  initial  cloudy  swelling  of  true  fatty  degeneration."  There  is  some 
evidence  to  show  that  in  the  case  of  some  organs,  at  least,  an  additional  factor 
this  latter  is  of  exogenous  or  of  endogenous  origin,  i.e.,  from  the  autolysis  of 
plays  a  part.'-*  This  is  a  hypertension  of  cholesterol  in  the  blood  stream  whether 
other  organs. 

Broadly  speaking,  then,  deposits  of  cholesterol  esters  occur  pathologically 
at  the  sites  of  low  grade  chronic  inflammation,  while  deposits  of  cholesterol 
crystals  occur  under  conditions  of  slow  cell  destruction  in  areas  where  absorp- 
tion is  poor. 

The  quantitative  changes  in  the  lipin  content  of  the  blood  serum  under 
pathological  conditions  have  been  the  subject  of  much  study--  -^  from  the  stand- 
point of  cholesterol  and  its  esters. 

Quantitative  changes:  (a)  An  increase  of  total  cholesterol  is  found  in 
arterial  sclerosis,  chronic  Bright's  disease,  jaundice,  diabetes  mollitus.  xanthoma, 
eclampsia,  pregnancy,  and  obesity,  (b)  A  decreased  amount  is  found  in  per- 
nicious anemia,  all  febrile  diseases  (except  enteric  fever),  in  tuberculosis,  and 
in  old  age.  The  normal  amount  in  the  bli  od  is  placed  at  from  1..^  to  1.8  gms. 
p.m. 

In  arterial  sclerosis  associated  with'-''  chronic  r.righl's  disea.se.  there  occurs 
from  two  to  four  grams  p.m.  while  the  content  of  the  aortic  wall  is  also  greatly 
increased.-* 
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In  diabetes  mellitus  the  increase  appears  to  vary  directly  with  the  degree 
of  acidosis  and  may  be  placed  at  from  3  to  4  p^rams  p.m.^^  In  hepatic  disease 
with  jaundice  there  is  an  increase  varying  with  the  degree  of  the  jaundice  but 
on  the  whole  of  less  marked  proportions  than  in  the  above  conditions. 

The  blood  analysis  in  xanthoma  not  associated  with  the  above  conditions, 
gives  high  values.--  The  fact  that  70  per  cent  of  such  cases  occur  in  women  and 
particularly  at  the  menopause  vaguely  connects  the  etiology  with  ovarian  dis- 
turbances. 

The  increased  cholesterol  content  of  the  blood  during  pregnancy  is  con- 
stant.-" It  is  most  marked  during  the  last  month.  Values  ranging  from  2.5 
to  4.25  gms.  p.m.  are  given.  An  increased  elimination  occurs  during  the  puer- 
perium,  chiefly  through  the  milk,  the  hypercholesterolemia  passing  ofl"  the  more 
rapidly  in  the  nursing  mothers.  The  blood  of  the  newborn  child  is  low  in 
cholesterol  content  (1.19  gms.  p.m.).  The  bile  and  adrenal  content  appears  to 
parallel  the  blood  content  in  these  conditions  of  hypertension. 

Xo  explanations  are  ofifered  to  account  for  the  hypocholesterolemia  occur- 
ring in  the  above  mentioned  conditions.  The  suggestion  that  the  cholesterol  is 
used  up  in  combating  acute  infections  in  an  immunity  reaction  seems  unwar- 
ranted. The  positive  balance  of  cholesteroP"'  in  the  feces  during  acute  infections 
and  its  increased  storage  in  the  reserve  fat  of  old  persons'^"  deserve  passing  men- 
tion in  this  connection. 

EXPERIMENTAL,    WORK   WITH   CHOLESTEROL. 

Since  the  work  of  Ignatowski,  in  1908.  the  question  of  the  artificial  pro- 
duction of  artery  lesions  by  excess  feeding  of  certain  foods  has  received  atten- 
tion.^^ Cholesterol  has  been  identified  as  a  food  constituent  producing  this 
change.  In  addition  to  atheroma,  cirrhosis  and  possibly  kidney  lesions  are  ac- 
credited to  increased  cholesterol  ingestion."^  So  far  such  lesions  have  been  pro- 
ducted  only  in  rabbits,  all  experiments  on  carnivora  being  uniformly  non-produc- 
tive. It  must  also  be  added  that  atheroma  and  sclerosis  are  relatively  frequent 
lesions  in  rabbits. 

The  relation  of  cholesterol  to  the  growth  of  neoplasms  has  been  studied  in 
the  case  of  experimental  carcinomas  in  rats,^-  with  results  which  seem  to  indicate 
that  it  accelerates  the  rate  of  growth  and  that  it  may  be  a  factor  in  the  incidence 
of  cancer.  This  fact  and  the  observation  of  an  increased  cholesterol  content  in 
the  reserve  fat  of  old  people"^  may  furnish  a  basis  for  the  explanation  of  the 
increased  incidence  of  cancer  past  middle  life.  With  the  cholesterol  content  of 
the  tissues  directly  influenced  by  the  diet,^'  in  view  of  the  preceding  observations 
the  question  arises — can  the  incidence  of  cancer  be  decreased  by  decreasing  the 
ingested  cholesterol?  Experiments  have  as  yet  failed  to  show  this.  In  this  con- 
nection, it  is  well  to  recall  that  the  organism  tends  to  accumulate  and  conserve 
cholesterol  so  that  it  is  more  difficult  to  decrease  than  it  is  to  increase  the 
cholesterol  store  of  the  tissues. ^"^  Examinations  of  the  cholesterol"^  content  of 
carcinomas  in  rats  show  that  it  is  not  afifected  by  cholesterol  injections;  that  it 
increases  with  the  age  of  the  tumor;  and  that  the  outside  parts  of  the  tumor 
mass  contain  less  than  does  the  central  portion. 

The  part  which  cholesterol  plays  in  phagocytosis  and  in  immunity  reactions 
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is  very  interesting  and  at  the  same  time  but  little  understood.  It  is  well  known 
that  alcohol,  chloroform  and  ether  are  detrimental  to  the  natural  defences  against 
disease.  They  suspend  phagocytosis  both  without  and  within  the  organism. 
This  action  has  been  attributed  to  their  solvent  power  for  the  cell  lipins  in  view 
of  the  fact  that  the  administration  of  lipins  tends  to  offset  this  eft'ect  within 
the  organism.  The  experimental  work^*  undertaken  to  show  the  relation  of 
lipins  to  phagocytosis  has  been  productive  of  results  varying  from  inhibition 
on  the  one  hand  to  increased  phagocytosis  on  the  other  hand.  This  variety  of 
results  undoubtedly  has  arisen  because  lipin  mixtures  were  used.  i.e..  the  ethei 
soluble  tissue  components,  containing  both  lecithin  and  cholesterol  which  in  this 
connection  are  antagonistic.  Cholesterol  even  in  small  quantities  vigorously  in- 
hibits phagocytosis  but  this  inhibition  can  be  completely  overcome  by  lecithin."*' 

Under  the  heading  of  hemolysis,  we  must  consider,  separately,  the  actions 
of  cholesterol  and  cholesterol  esters.  Cholesterol  counteracts  saponin  hemolysis 
by  chemically  combining  with  the  saponin,  thus  precipitating  an  inert  cholesterol- 
saponin  compound.  In  hemolysis  by  cobra  venoms,  cholesterol  plays  a  some- 
what different  part.  The  hemolytic  principle  of  cobra  venom  resembles  an  am- 
boceptor in  that  it  is  complemented  with  lecithin^^  while  the  hemolytic  action 
of  the  substance  thus  produced  is  very  great,  it  is  very  markedly  inhibited  by 
cholesterol.  Two  explanations'*^  are  suggested.  The  action  may  be  physical  or 
chemical.  The  first  assumes  the  formation  of  a  definite  compound,  a  "lecithid" 
which  hydrolizes  and  yields  lecithin.  This  lecithin  is  absorbed  and  carried  down 
by  the  cholesterol  as  the  unstable  colloidal  solution  of  the  latter  deflocculates. 
The  chemical  explanation  assumes  the  formation  of  a  definite  chemical  com- 
pound between  the  lecithin  hemolysin  combination  and  the  cholesterol,  ^^'hether 
or  not  cholesterol  plays  a  similar  role  in  counteracting  hemolytic  bacterial  toxins 
within  the  organism  is  not  known.  The  question  is  of  vital  importance  in  all 
conditions  associated  with  hemolysis.  The  administration  of  cholesterol  is  ac- 
credited with  improving  some  cases  of  pernicious  anemia. 

Cholesterol  esters  do  not  inhibit  cobra  venom  hemolysis. ^^  There  is  evidence 
to  show  that  cholesterol  esters  of  misaturated  fatty  acids  may  be  a  factor  in 
furnishing  complement  for  the  cobra  venom  hemolysis.""'  These  esters  them- 
selves may  be  directly  or  indirectly  hemolytic.  Uothriocephalus  latus  anemia  is 
attributed  to  the  cholesterol  ester  of  oleic  acid.'^'  Various  investigators  have 
shown  the  hemolytic  properties  of  unsaturated  fatty  acids."''*  In  phosphorus  and 
also  toluylendiamin  poisoning  fatty  acids  have  been  demonstrated  in  salt  ex- 
tracts of  the  liver.'"  There  is  some  dispute  as  to  the  efficiency  of  fatty  acids  as 
hemolytic  agents.  McPhedron''**  claims  that  tiie  hemolytic  activity  is  not  de- 
termined by  the  degree  of  saturation,  l.omar"  bcliexes  differently  and  King'''' 
supports  him. 

In  a  series  of  clinical  conditions  associated  with  hemolysis.  King  studied 
the  unsaturated  fatty  acid  and  the  lutal  clmlcsterol  of  the  blood.  He  found  an 
increase  in  the  former  and  a  decrease  in  Xhc  cholesterol.  He  connects  this  con- 
dition with  hyperfunclioii  ol'  the  s])ken.  lie  believes  that  thi'^  organ  regulates 
the  unsaturated  fatty  acid  content  of  the  blood.  Tt>^  removal  lowers  the  fatty 
acid  concentration  and  raises  the  antihemolytic  substances,  i.e..  total  fat  and 
cholesterol.     ( )ii    this   Iiasis   then    is   explained    the   difficult    biemolysis    following 
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splenectomy  as  well  as  the  reputed  improvement  in  cases  of  pernicious  anemia 
thus  treated.^'  The  striking-  resemblance  in  the  clinical  picture  of  severe 
bothriocephalus  anemia  and  pernicious  anemia  should  he  recalled.  On  the  other 
hand  in  simple  anemia  no  such  variations  in  cholesterol  and  fatty  acid  content 
occur.  There  seems  to  be  a  growing  tendency  to  associate  hemolytic  lipins  with 
the  etiology  of  pernicious  anemia.*'' 

A  striking  example  of  endogenous  hemolytic  lipins  is  found  in  the  "red 
degeneration"  of  uterine  fibroids.*'  The  amount  of  lipin  in  the  ether  extract 
of  such  fibroids  varies  directly  with  the  degree  of  degeneration.  From  these 
tumors  an  active  hemolytic  agent  has  been  isolated  the  action  of  which  seems  to 
be  antagonized  by  normal  serum.  An  excess  of  this  hemolytic  lijjin  acting  on 
corpuscles  in  vitro  produces  first  hemolysis  without  hemoglobin  color  changes, 
but  later  a  brown  precipitate  settles,  leaving  a  perfectly  clean  supernatant  liquid. 
These  results  recall  the  physical  explanation  of  the  action  of  cholesterol  in  cobra 
venom  hemolysis  and  suggest  the  spontaneous  development  of  an  endogenous 
lysin  in  retrograd  focal  tissue  changes  which  not  only  affects  the  red  cell 
stroma  but  also  the  cell  proteins  as  is  indicated  by  the  color  change  produced 
in  the  hemoglobin. 

The  striking  analog}'  between  the  inhibiting  influence  of  cholesterol  on  the 
lecithin  complemented  cobra  venom  hemolysin,  and  the  action  of  nonspecific 
antigen  in  complement  fixation  is  apparent.  Especially  significant  in  this  con- 
nection, are  the  recent  observations  which  rank  cholesterin  enriched  alcoholic 
tissue  extracts  as  the  most  efficient  antigen  in  the  W'assermann  reaction. 
Noguchi  and  Bronfenbrenner*°  contend  that  the  antigenic  value  of  the  acetone 
insoluble  fraction  of  the  tissue  extracts  varies  almost  directly  with  its  power  to 
combine  with  iodine,  i.e.,  with  the  amount  of  unsaturated  fatty  acids  present. 

Browning  et  al*^  show  that  cholesterol  is  more  efficient  than  any  of  its  com- 
pounds in  enriching  the  alcoholic  extracts  for  use  as  antigen.  \\'alker  and 
Swift*-  go  still  further  in  concluding  that  the  cholesterin  enriched  alcoholic  ex- 
tract of  heart  muscle  fulfills  the  requirements  of  a  standard  antigen  in  the 
syphilis  reaction.  With  regard  to  the  substances  in  the  syphilitic  sera  which 
participate  in  the  Wassermann  reaction,  it  may  be  stated  that  while  there  ap- 
pears to  be  a  lipin  increase  in  syphilitic  sera,*^  no  relation  can  be  established  be- 
tween the  lipin  content  and  the  antibody  titer.*®  On  the  whole,  the  heterogene- 
ous nature  of  the  lipins  taking  part  in  this  reaction  prevents  any  conclusions 
as  to  the  exact  action  of  cholesterol. 
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A  REVIEW  OF  THE  COMPLEMENT  FIXATION  TEST  IN 

TUBERCULOSIS* 


By  H.  R.  Miller.  M.D.,  New  York  City. 


FOR  a  great  many  years  laboratory  workers  interested  in  tuberculosis  have 
attempted  to  perfect  methods  of  complement  fixation  for  the  diagnosis  of 
this  disease.  The  earlier  work  upon  this  subject  was  not  a  little  discouragin«? 
because  the  results  obtained  were  not  uniform  and  were  often  out  of  harmony 
with  the  clinical  analysis  of  the  cases.  Fixation  reactions,  therefore,  had  much 
laboratory  interest  but  were  of  little  value  to  the  physician. 

More  recent  investigations  have  been  more  encouraginir  and  methods  have 
been  reported  from  a  number  of  laboratories  by  which  results  sufficient  to  dem- 
onstrate the  formation  of  circulating  antibodies  and  often  of  great  diagnostic 
value,  have  been  obtained. 

For  the  detection  merely  of  the  existence  of  tuberculosis  in  a  patient,  the 
physician  has  had  at  his  disposal  not  only  accurate  clinical  methods,  but  tuber- 
culin tests  of  great  delicacy.  15y  complement  fixation  reactions  it  was  hoped  not 
only  to  establish  additional  diagnostic  data,  but  by  measuring  the  fluctuations 
of  antibodies  in  the  circulating  blood,  to  throw  light  upon  the  activity  of  the 
existing  disease  and  obtain  prognostic  information. 

This  review  attempts  to  show  how  successfully  this  aim  has  been  accom- 
plished and  along  which  lines  of  attack  complement  fixation  in  this  disease  has 
been  planned  and  carried  out. 

From  a  study  of  the  literature  on  the  subject,  it  is  clear  that  the  principal 
difficulty  consisted  in  procuring  proper  antigens.  In  the  main,  the  general 
methods  employed  varied  but  little  from  the  technic  of  the  \\'assermann  reaction. 
The  antigens  however  differed  greatly  and  were  as  numerous  as  the  different 
workers  who  devised  and  employed  them.  Almost  all  the  tried  antigens  fall 
into   four  general  groups. 

Group  I.  Antigens  in  which  the  whole  tubercle  bacillus  was  used.  This 
group  includes  antigens  prepared  from  all  the  tubercle  bacillus  strains  as  well  as 
from  the  allied  acid-fast  bacilli,  i.e.,  smegma,  butter  bacillus  (Rabinowitsch), 
bacillus  leprae,  Grassberger's  milk  bacillus,  and  the  Timothy  hay  bacillus.  The 
bacteria  were  used  in  suspensions,  living,  and,  after  treatment,  heat.  cold.  etc. 

Group  II.  These  antigens  consisted  of  tuberculins.  Practically  all  tuber- 
culins have  been  made  use  of  as  antigens.  Some  have  yielded  good  results,  and 
in  the  hands  of  a  limited  number  of  writers  the  reports  have  appeared  to  be 
of  great  value. 

Group  III.  This  group  comprises  a  large  series  of  antigens  which  may  be 
termed  "tubercle  bacillus  derivatives  or  extracts."  They  represent  many  prep- 
arations obtained  by  subjecting  the  bacilli  to  various  processes  of  extraction  and 
digestion.    The  "partial  antigens"  of  Much  and  Von  Deycke  are  of  this  kind. 

Group  IV  includes  the  antigens  produced  from  normal  and  from  tubercu- 
lous tissues,  i.e.,  lung,  kidney,  brain,  lymph-nodes,  spleen. 

*From  the  Department  of  Bacteriology,  College  of  Physicians  and  Surgeons,  Columbia  University. 
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The  following  group  tables  indicate,  though  not  completely,  the  number  of 
antigens  that  have  been  employed : 

Group  I. — Bacillary  Suspensions. 


NAME. 


Caulfield   and   Beatty : 
Jour.  Med.  Research,  1911,  xxiv, 
122. 


Laird : 

Jour.    Med.    Research,    1912, 
xxvii,  163. 

Calmette  and   Massol : 

Compt.  rend.  Soc.  de  biol.,  1912, 
Ixxiii,    122. 


Fraser : 

Ztschr.    f.    Immunit.,    1914,    xx, 
291. 

Schultz : 

Ztschr.    f.    Immunit.,    1910,   vi, 
709. 

Bang  and  Anderson : 

Centralbl.     f.     Bakteriol.,     orig., 
1913,  Ixix,  517. 

Zweig : 

Berl.    khn.    Wchnschr.,    1912, 
xlix,  1845. 

Mcintosh  and  Fildes: 
Lancet,  London,  1914,  ii,  No.  8, 
485. 


Radcliffe : 
Ibid.,  488;   Tour.  Hvg.,  July, 
1915,  36. 


Loefifler : 
Deutsch.  med.  Wchnschr.,  Mav, 
1913,  1025. 

Stimson  : 

Bull.  Hyg.  Lab.  V.  S.  P.  H.  and 
M.-H.  S.,  No  101,  Aug.,  1915. 

Harris  ;uid    I,;uifnr(l : 

Jour.  Infect.  Dis.,  1913,  xiii,  301. 

Miller  ami  Zinsser : 

Am.  Jour.  Med.  Sc.  (in  press), 
Proc.  Soc.  Exper.  Biol,  and 
Med.,    1916,    xxiii,    134. 


ANTIGEN. 


Bacillary    emulsion. 


Watery    emulsion. 


Killed  and  concen- 
trated bovine  emul- 
sions. 


Bacillary  emulsion. 


Bacillary  emulsion. 


Bacillary  emulsion, 
killed. 


Bacillary  emulsion. 


Living  fresh  emul- 
sions. 


Bacillary  emulsion 
living  and  freshly 
prepared. 


Bacillary   emulsion, 
heated,  dry. 


Killed  and  living 
bncillarv  emulsions. 


Susjicnsiims  of  va- 
rious acid- fast  bacil 

Killed  or  living, 
salt  triturated. 


RESULTS. 


Stage  I. — 33%  positive. 
Stage  II. — 70%  positive. 
Stage  III. — 62%  positive. 
No  fixation   in   normal   cases. 

4  positive   out  of   34   tuberculous 
patients. 


Results    uncertain. 


Posi-     Nega- 
tive,      five. 
Tuberculous  sera  1  12 

Nontuberculous  sera     4  16 

Luetic  sera  may  give  positive  re- 
action. 

Fixation  in  5  out  of  34  tubercu- 
lous cases. 


Reaction  strong  in  positive  cases ; 
varies  with  severity  of  the  infec- 
tion.    Tested  cattle  only. 

Fixation  proportional  to  amount 
of  infection.     (Used  active  sera.) 

Pulmonary    tuberculosis    76.7% 
positive. 

I  Surgical   tuberculosis  80.7%  posi- 
tive. 

I  Syphilitic  sera  not  fixed. 

I  Sputa    positive    pulmonary   cases: 
j  Stage       I  88.67o. 

Stage     II  89.67c. 

Stage    III    79.07o. 

Controls  negative. 

Uncertain. 


Maximum  fixation  appears  in 
later  stages.  Too  few  cases 
tested. 

Demonstrated  group  fixing  bodies, 
i.  not  specific  for  strains  used. 
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Group  II.— Tuberculins  or  Filtrates. 


NAME. 


Ruppel  and  Rickman  : 

Ztschr.     f.     Immunit.,     1910,    vi, 
344. 

Armand,  Dclillc,  Rist  and 
Vaucher : 
Compt.  rend.  Soc.  de  biol.,  1913, 
Ixxiv,  791. 

Davidovics : 
Deutsch.  med.  Wchnschr.,  1914, 
xl,  1,  21. 

Besredka : 
Ztschr.  f.  Immunit.,  1914. 


ANTIGEN. 


Debains  and  Jupille: 

Compt.  rend.  Soc.  de  biol.,  1914, 

Ixxvi,  199. 
Ann.  de  I'lnst.  Past.,  Apr.,  1915. 


Old  tuberculin. 


Crude   tuberculin. 


Old  tuberculin. 


Besredka 
tuberculin. 


Kuss,  Leredde  and  Rubinstein : 
Compt.  rend.  Soc.  de  biol,  1914, 

Ixxvi,  244.  I 

I 

Inman :  " 

Compt.  rend.  Soc.  de  biol.,  1914, 
Ixxvi,  251. 

Bronfenbrenner :  I         " 

Arch.    Int.    Med.,    1914,    No.    6,; 

786.  I 

Ztschr.   f.   Immunit..   1914,  xxiii,  I 

2,  21. 

Renaux :  Besredka  tuberculin, 

Compt.  rend.  Soc.  de  biol.,  1914,  extracted  with  ether. 

864. 


Petroff: 

(X'ot  yet  published.) 

Craig: 

Am.  Jour.  Med.  Sc,  Dec,  1915, 
781. 


Petroff's   tuberculin, 
potato  broth. 

Besredka  tuberculin, 
modified,    alcoholic 
extraction. 


RESULTS. 


Fixation   only  in  tubercular 
animals. 


100  cases  tested. 
4%  positive  fixation. 
30%  partial  fixation. 

Results  uncertain  ;  used  active 
sera. 

Stage  I.  Reaction  always  posi- 
tive. 

Stage  II.  Reaction  nearly  always 
positive. 

Stage  III.  Reaction  partial  or 
negative. 

Luetic  sera  not  infrequently  fixed. 
Normal  sera  occasionally  fixed. 

Stage  I  and  II  (fair  condition) 
90.3%  positive. 

Stage  II  and  III  (bad  condition) 
81.3%  positive. 

24%  positive  Wassermann  sera 
gave  positive  tuberculosis  fixa- 
tion. 

Nontuberculous   sera   17.3%   posi- 
tive. 
Normal  sera  3.2%  positive. 

Positive  in  89%  of  developed  pul- 
monary tuberculosis.  Not  always 
negative  with  luetic  sera. 

1(X)  tuberculous  sera  tested ;  95 
gave  positive  reactions. 

Positive  cases  gave  positive  fixa- 
tion 93.8%. 

Luetic  sera  gave  positive  43%. 
Nontubercular   sera   gave   positive 
in  18  out  of  220  cases. 

Avoids    nonspecific    fixation    of 
luetic  sera. 


High  number  of  fixation  in  posi- 
tive cases.  Not  infrequent  fixa- 
tion with   luetic   or  inactive   sera. 

Active     tuberculosis     fixation     in 

96.2%. 

Inactive    tuberculosis    fixation    in 

66.1%. 

Not    positive     in     nontuberculous 

and  luetic  sera. 
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Group  III. — Bacillary  Extracts. 


NAME. 


Borissjak,  Sieber  and  Metalinkov  : 
Ztschr.  f.  Immunit.,  1910,  xii,  65. 

Dielman : 

Ztschr.  f.  Immunit,  1911,  x,  421. 

Calmette  and  Massol : 

Compt.  rend.  Soc.  de  biol.,  1912, 
Ixxiii,  120. 


Much : 

Miinchen.  med.  Wchnschr.,  1912, 
lix,  685. 

Kurt  Meyer : 

Ztschr.    f.    Immunit.,    1912.    xlv, 
359. 

Rothe,  Bierbaum  : 

Deutsch.  med.  Wchnschr.,   1913, 
644. 
Dudgeon,  Meek  and  Weir: 

Jour.  Hyg.,  1914,  No.  1,  72. 

Stimson : 

Bull.  Hyg.  Lab.  U.  S.  P.  H.  and 
M.-H.   S.,   No.   101,   Aug.,   1915. 


antigen. 


Products    of   tubercle 
bacilli. 

'"Partial    antigens." 


A.  Exobacillary    di- 
ah'sed  products. 

B.  Endobacillary 
products. 

1.  Water    soluble. 

2.  Peptone  water 

soluble. 

"Partial    antigens." 


RESULTS. 


Antibodies  are  not  specific  for  the 
antigens  administered. 

Fixation  in  chnically  nontubercu- 
lous  cases. 

Greatest  number  fixation  with  B-2. 


Fixation  in  77%  of  health\-  people. 


Deprived  products  of    Fixation  by  the  phosphatid  deriva- 
tubercle  bacilli.  tives. 


Watery   extract    of 
bacilli. 

Alcoholic  extract. 
Calmette's    B-2. 


Strong  fixation  in  a  small  percen- 
tage of  tuberculous  cattle. 

Maximum   fixation   in   moderately 
advanced  cases. 

In   234    positive    pulmonary   cases 

89%  positive. 

Negative     reaction     is     of     little 

value. 


Group  IV. — Tissue  Antigens. 


name. 


Hammer : 

Deutsch.   Tierazt.   Wchnsclir., 

1912,  XX,  593. 
Miinch.    med.    Wchnsclir.,    1912. 
Hx,  1750. 

Bierbaum  and  Berdcl : 

Ztschr.   f.  Immunit.,  1914.  21,  1- 
5,  249. 

Wolff-Eisner : 

Wien.   klin.   Wchnschr..  xxxvii, 
1908,  1296. 


antigen. 

Old  tuberculin  with 
extracts  of  tubercu- 
lous  nodules. 


RESULTS. 


43    positive    reactions    out    of    46 
tuberculosis  cases. 


Bovine  old  tuberculin    Autopsy   findings   and    sera    rcac- 
and    extracts    of    tu-    tion  agreed  in  65%  of  cases, 
berculous  tissue. 


Ground-ui)   tubercu- 
lous lung  tisuc. 


Results  uncertain. 


Considering  the  data  compiled  aliove.  \vc  obser\e  that,  except  for  Ham- 
mer's work,  there  is  Httle  to  commend  in  the  antigens  ol  Group  1\'.  and  it  ma\- 
be  contended  that  the  tuberculin  and  nut  the  tissues  employed  may  ha\e  been 
responsible  for  wliatever  apparent  value  may  be  attributed  to  Hammer's  antigen. 

The   antigens   in   Group    HI    al   one    lime  occupied    the   attention   of   many 
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workers.  It  was  maintained  that  to  yield  available  antij^en,  the  tubercle  bacilli 
muvst  be  subjected  to  processes  of  chemical  extraction.  Von  Deycke  and  Much, 
and  also  Much  alone,  described  various  split  products  of  the  bacillus,  obtained 
after  prolonged  extraction  with  fat  solvents.  They  obtained  specific  antif(ens 
from  the  bacillus,  and  they  held  that  these  specific  antigens  were  contained  in 
both  the  fatty  acids  and  protein  of  the  organisms.  Their  researches  with  the.se 
specific  ''partial  antigens"  failed  however  to  bring  about  any  particular  advance 
in  the  usefulness  of  the  fixation  reaction.  Kurt  Meyer's  extensive  studies  in 
producing  tubercle  bacillus  derivatives,  the  watery  extracts  of  Dudgeon  and 
others,  the  peptone  extracts  of  Calmette  and  Massol,  the  fermentation  and 
autolytic  bacterial  products — all  these  types  of  bacillary  extracts  were  employed 
with  varying  degrees  of  success. 

It  was  hoped  that  the  antigenic  properties  of  the  tubercle  bacillus  were  con- 
tained in  a  particular  chemical  fraction  of  the  bacterial  l)ody  and  that  it  would 
be  possible  to  obtain  this  separately.  Their  experiments  were  formulated  in  the 
endeavor  to  obtain  such  an  extract  and  prove  its  antigenic  properties  by  inject- 
ing it  into  animals  and  demonstrating  specific  antibody  formation  in  the  animal 
serum  by  fixation  against  the  original  extract.  These  expectations  have  not  been 
fulfilled. 

In  Group  II  we  are  dealing  with  tuberculins.  As  early  as  1903  Bordet  and 
Gengou^  demonstrated  fixation  of  complement  with  Koch's  O.T.  Soon  W'asser- 
mann  and  Bruck,-  then  Citron''  amplified  these  results  in  a  limited  series  of  cases. 
The  many  therapeutic  tuberculins  were  investigated  as  antigens,  and  in  addi- 
tion numerous  new  tuberculins  were  proposed  and  tested. 

Of  recent  years  much  attention  has  been  focused  upon  the  tuberculin  de- 
scribed by  Besredka.  This  is,  briefly,  a  filtrate  of  an  egg-  meat-broth  medium 
upon  which  tubercle  bacilli  are  allowed  to  grow  for  several  weeks.  The  filtrate 
only  is  employed  as  antigen.  Good  results  with  this  antigen  have  been  pub- 
lished by  Besredka  himself.  Inman,  Debains  and  JupiHe  have  confirmed  his 
findings.  Renaux,  Bronfenbrenner,  and  recently  Craig  have  modified  this  anti- 
gen by  extracting  its  lipins,  and  in  this  way  seeking  to  avoid  non-specific  cross 
fixation  with  syphilitic  sera.  At  best,  however,  the  Besredka  antigen  shows  a 
considerable  margin  of  error.  Craig,  who  reported  no  cross  fixation  and  no  fixa- 
tion of  non-tuberculous  sera,  obtained  positive  fixation  in  two-thirds  of  his  clini- 
cally inactive  cases,  while  B.ronfenbrenner.*  in  his  last  publication  obtained 
complete  binding  with  the  Besredka  antigen  in  20  per  cent  of  syphilitic  sera,  and 
in  a  number  of  patients  who  had  no  tuberculosis,  the  reaction  was  positive. 

More  recently  still,  Petroff  at  Saranac  Lake  obtained  good  results  by  using 
for  his  antigen  a  tuberculin  made  by  growing  tubercle  bacilli  upon  a  water}^  ex- 
tract of  potato  to  which  glycerine  had  been  added.  Here,  too,  there  was  not  in- 
frequently non-specific  fixation  with  syphilitic  sera. 

The  antigens  in  Group  III  then,  have  been  in  general  available  for  the  fixa- 
tion test,  but  the  reaction  still  remained  of  limited  help  to  the  individual  practi- 
tioner because  of  its  errors  in  fixing,  occasionally,  the  sera  of  normal,  non-tuber- 
culous and  luetic  patients. 

For  final  consideration  there  remain  the  antigens  in  Group  T.  These  consist 
of  tubercle  bacillus  emulsions  or  suspensions.     Mcintosh  and  Fildes,  Dudgeon, 
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Meek  and  Weir,  and  Radcliffe,  used  saline  suspensions  of  living  or  killed  bacilli. 
Radcliffe,  particularly,  published  strikingly  good  results  emphasizing  the  ad- 
\  isability  of  employing  young  and  fresh  cultures.  Courmont  and  Arloing  de- 
vised defatted  emulsions.  Harris  and  Lanford  tried  suspensions  of  a  variety  of 
acid-fast  bacilli  related  to  the  tubercle  bacillus.  In  spite  of  much  that  has  been 
written  about  the  anticomplementary  effects  of  the  bacillary  emulsions  used  as 
antigens,  an  impressive  number  of  laboratory  workers  has  encountered  little  if 
any  difficulty  in  this  regard.  The  English  workers  especially  have  found  these 
suspensions  very  satisfactory.  They  claim  a  high  proportion  of  positive  cases, 
but  Radcliffe  reports  that  74  per  cent  of  clinically  arrested  cases  also  gave 
binding. 

Debre  and  Paraff'^  proposed  using  tubercular  exudates  and  transudates  as 
antigen,  titrating  their  antigenic  properties  against  known,  pooled  tuberculous 
sera. 

Recently  Miller  and  Zinsser  have  employed  an  antigen  prepared  by  triturat- 
ing living  or  dead  bacilli  with  dry  crystals  of  ordinary  table  salt,  then  adding 
distilled  water  up  to  isotonicity.  With  this  antigen  the  results  have  been  as  fol- 
lows : 

Of  232  clinically  active  cases  with  positive  sputa,  all  but  three  gave  positive 
fixation.  One  had  an  advanced  pulmonary  lesion ;  the  disease  in  the  other  two 
was  moderately  advanced.  Of  ninety  inactive  or  healed  cases,  eighty-three  were 
negative.  The  reaction  was  positive  in  seven  patients ;  five  in  this  series  had 
tubercle  bacilli  in  their  sputum  shortly  before  the  test  was  performed.*  One 
hundred  and  forty  cases  were  tested  where  the  diagnosis  was  doubtful.  In 
thirty-two  the  reaction  was  positive,  and  in  some  of  these  thirty-two  cases  the 
diagnosis  of  tuberculosis  was  subsequently  established.  Forty-three  positive 
Wassermann  cases  gave  no  fixation  with  the  tubercle  bacillus  antigen.  Two 
cases  were  fixed  with  both  antigens.  In  one  the  diagnosis  of  lues  and  tuber- 
culosis was  proved,  the  other  case  at  present  cannot  be  reached  for  investigation. 
One  hundred  and  three  non-tubercular  cases  were  all  negative. 

From  this  rapid  survey  it  will  be  seen  that  the  bacillary  emulsions,  the 
tuberculins,  and  the  extracts  of  bacilli,  have  yielded  available  antigens. 

The  filtrates  of  Besredka  and  of  Petrofif  and  the  bacillary  emulsion  of  Rad- 
cliffe, Mcintosh  have  thus  far  served  as  the  most  available  antigens. 

The  important  factor  has  been  established  that  in  the  fixation  test  we  pos- 
sess a  method  which  will  indicate  for  us  the  activity  of  tuberculous  disease. 
The  cutaneous  skin  reactions  denote  only  a  hy])crsusceptibility  to  the  tubercle 
bacillus,  and  this  state  may  persist  even  when  the  lesion  is  quiescent  or  healed. 

With  our  own  antigen  the  complement  fixation  in  tuberculosis  shows  a  re- 
markable degree  of  uniformity,  in  that  practically  all  positive  cases  give  posi- 
tive fixation,  and  inactive  cases  are  as  a  rule  negative.  Normal  sera  are 
always  negative,  and  cross  fixation  with  luetic  sera  is  eliminated.  The  comple- 
ment fixation  test  with  this  antigen  can  therefore  serve  as  a  measure  for  the 
control  of  the  diagnosis  of  tuberculosis. 

It  seems  that  fair  results  have  been  obtained  l)y  a  variety  of  methods.     The 

•Since  tlie  last  imblishccl  report  (Proc.  Soc.  K.Niier.  \V\o\.  and  Mcil.,  191(i,  xiii,  U(.)  we  have 
learned  from  sii1)seiiuent  data  that  sonic  of  the  cases  with  positive  sputum  classed  as  inactive,  belong  to 
the    active    group. 
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writer  believes  from  his  own  personal  experience  that  the  antigen  of  Miller  and 
Zinsser  is  at  present  superior  to  the  others  in  use  because  it  has  so  far  failed  to 
give  cross  fixation  with  luetic  sera,  has  usually  been  negative  in  arrested  cases, 
and  has  been  almost  invariably  positive  with  active  cases.  It  seems  also  to  be 
the  one  most  easily  prepared. 

However  this  may  be,  and  the  eventual  decision  can  come  only  with  great 
multiplication  of  comparative  data,  it  appears  from  the  many  records,  both  our 
own  and  those  reported  by  many  of  the  workers  cited  above  that  complement 
fixation  in  tuberculosis  is  a  definitely  valuable  diagnostic  method  which  will  oc- 
cupy an  important  place  among  the  practical  methods  of  diagnosis. 
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THE  QUANTITATIVE  ESTIMATION  OF  PHENOL-TETRACHLOR- 

PHTHALEIN  EXCRETED  IN  THE  FRESH  BILE 

IN  DISEASE  OF  THE  LIVER* 


By  H.  L.  McNeil.  ]M.D.,  Galveston,  Texas. 


IT  was  first  shown  by  \\hipple  and  Rountree  that  phenol-tetrachlor-phthalein 
injected  intravenously  is  not  excreted  in  any  appreciable  amount  by  the  kid- 
neys, as  is  phenol-sulphon-phthalein,  but  is  excreted  largely  by  the  liver.^-  -'  ''  *  It 
was  shown,  moreover,  by  \Miipple,  in  experiments  on  dogs  that  artificial  injury  to 
the  liver  parenchyma,  by  chloroform  or  phosphorus  poisoning,  for  instance,  is  ac- 
companied by  a  marked  diminution  in  the  phenol-tetrachlor-phthalein  output 
through  the  liver.  Using  the  above  preliminary  experiments  then  as  a  basis  for 
their  work,  Rountree  and  others  in  the  same  clinic  concluded  that  by  collecting  all 
stools  passed  for  forty-eight  hours  after  an  intravenous  injection  of  0.4  gm.  of  the 
dye,  a  fairly  constant  level  of  excretion  for  normal  individuals  was  obtained,  and 
that,  moreover,  the  output  was  decidedly  diminished  in  certain  individuals  suf- 
fering from  disease  of  the  liver.  They  concluded,  therefore,  that  the  test  was  of 
some  value  in  diagnosis  of  such  conditions.-'  ^-  *^-  ' 

The  conclusions  of  Rountree  and  his  co-workers  as  to  the  value  of  their  test 
in  diagnosis  have  not,  however,  been  substantiated  by  others.  Sisson,  Frazier  and 
Kana  all  reported  it  as  useless  in  diagnosis.®'  ^'  ^°  As  a  result,  therefore,  of  these 
contradictory  reports,  as  well  as  of  the  fact  that  the  technic  of  their  test  is  rather 
cumbersome  and  time  consuming,  the  test  of  Rountree  and  Whipple  has  been  prac- 
tically discarded. 

During  the  course  of  certain  work  in  which  we  have  been  engaged,  we  have 
had  occasion  to  study  a  fairly  large  number  of  cases  of  cirrhosis  of  the  liver.     It 

*From    the    Medical    Department    of    the    L'niversity    of    Texas. 
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occurred  to  us  during  this  work  that  if  after  the  injection  of  the  phenol-tetrachlor- 
phthalein  intravenously,  we  inserted  a  duodenal  tube  through  the  pylorus  and,  col- 
lecting all  of  the  duodenal  contents  for  a  period  of  time  by  gentle  aspiration,  tested 
quantitatively  for  the  dye  which  had  been  excreted  in  the  bile,  we  might  possibly 
obtain  some  information  as  to  the  excretory  ability  of  the  liver.  Accordingly,  a 
series  of  normal  cases  were  first  studied  in  this  manner,  the  0.4  gm.  of  phenol- 
tetrachlor-phthalein  being  injected  according  to  the  method  described  by  Rountree 
and  the  contents  of  the  duodenum  being  obtained  during  the  ensuing  two  hours 
b)'  continuous  drainage.  We  hope  that  in  this  way  two  facts  regarding  the  excre- 
tion of  phenolphthalein  could  be  ascertained :  First,  the  time  required  for  the  first 
appearance  of  the  dye  in  the  bile,  and,  second,  the  quantity  excreted  in  the  bile  dur- 
ing the  two  hours  following  the  injection. 

As  will  be  noted  from  the  following  tables,  the  time  required  for  the  first 
appearance  of  the  dye,  after  the  intravenous  injection,  in  normal  individuals,  varies 
from  twelve  to  twenty-one  minutes,  while  the  amount  excreted  during  the  two 
hours  following  the  injection  varies  from  a  trace  to  ten  per  cent  of  the  amount  in- 
jected. Moreover,  it  was  found  that  the  greater  part  of  the  two  hour  excretion  oc- 
curred during  the  first  hour  after  the  injection,  in  normal  cases. 

After  ascertaining  the  above  facts  regarding  our  normal  cases,  we  have 
tried  out  the  test,  using  the  same  technic  upon  a  series  of  patients  suffering  from 
disease  of  the  liver.  The  results  of  these  tests  were,  briefly,  somewhat  as  fol- 
lows :  Of  five  cases  of  atrophic  cirrhosis  of  the  liver  (Laennec's  cirrhosis)  in  well 
advanced  stages,  which  were  studied,  the  time  required  for  the  first  appearance  of 
the  dye  in  the  bile  was  somewhat  extended  as  compared  with  the  normal  cases, 
varying  in  each  case  from  twenty-eight  to  forty-five  minutes,  as  compared  with  the 
time  of  from  twelve  to  twenty-one  minutes  for  the  normal  cases.  The  total  two 
hour  amount  of  bile  collected  showed,  however,  only  slightly  different  percentages 
from  the  normal  cases,  three  cases  showing  a  practically  normal  output  and  only 
two  varying  somewhat  from  the  normal,  in  that  practically  no  dye  was  excreted 
in  the  bile  which  was  recovered  within  the  two  hours.  It  was  noted  though,  in 
those  cases  in  which  appreciable  amounts  of  the  dye  were  excreted,  that  practically 
all  of  the  excretion  occurred  during  the  second  hour  as  distinguished  from  the  six 
normal  cases  in  which  most  of  the  excretion  occurred  during  the  first  hour. 

In  addition  to  the  six  cases  of  true  cirrhosis,  two  cases  of  chronic  pas- 
sive congestion  of  the  liver  were  studied  in  this  way.  None  of  these  varied 
appreciably  from  the  normal  cases  studied,  however. 

One  case  of  extensive  carcinomatosis  of  the  li\or  was  studied.  In  this 
case  the  initial  excretion  was  decidedly  delayed  and  practically  none  of  the  dye 
was  excreted  during  the  two  hour  inter\al.  only  a  trace  being  fomui  during  the 
second  hour. 

This  modification  of  the  test  has  the  advantage  over  the  previous  tests  de- 
scribed by  the  originators  of  the  method,  that  the  dye  is  very  easily  estimated 
quantitatively  in  the  duodenal  contents,  if  the  estimation  is  done  promptly  at 
the  end  of  the  collecting  periods,  the  estimation  being  carried  out  in  much  tiio 
same  way  as  in  the  kidnCy  function  test.  There  are  sc\  eral  difficulties,  however, 
which  are  met  with  in  carrying  out  this  test.  One  of  titcse  is  that  since  the  ejec- 
tion of  bile  into  the  duodenum  is  apparently  dependent  upon  ilie  contractions  of 
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the  gall  bladder,  in  the  case  of  a  supjxjsedly  delayed  excretion  time  one  may  won- 
der if  this  is  not  due,  perhaps,  to  a  failure  of  the  gall  bladder  to  contract  rather 
than  to  a  really  delayed  excretion  by  the  liver.  Fortunately,  however,  there  are 
certain  simple  procedures  by  which  the  contractions  of  the  gall  bladder  can  be, 
in  a  measure,  controlled.  One  of  the  simplest  of  the.se,  which  we  have  found 
efficacious,  is  a  simple  change  in  the  patient's  position ;  from  the  side  to  the  back, 
for  instance.  Repeated  deep  respirations  associated  with  massage  of  the  ab- 
domen just  under  the  right  costal  margin  ;  the  application  of  cold  to  the  ab- 
domen under  the  right  costal  margin;  the  causing  of  the  patient  to  sit  for  a 
minute  or  so  and  then  lie  down  again,  will  all  often  start  up  a  sluggish  gall  blad- 
der. Finally,  the  injection  directly  into  the  duodenum  (jf  from  thirty  to  fifty 
cubic  centimeters  of  a  0.5  per  cent  solution  of  hydrochloric  acid'*-  '-  will  occa- 
sionally start  contractions  of  a  sluggish  gall  bladder. 

Still  another  difficulty  met  with  in  the  attempt  to  obtain  constant  results 
in  these  cases,  is  the  fact  that  fear,  nervousness  and  hunger  seem  to  have  a 
more  or  less  marked  efl:'ect  upon  the  secretion  of  bile.  A  perfectly  normal  case 
may.  for  instance,  on  the  first  application  of  this  test,  excrete  only  a  trace  of  bile 
during  the  whole  two  hours.  This  is  usually,  apparently,  brought  about  by  fear, 
as  is  shown  by  the  fact  that  the  subsequent  tests  will  show^  a  normal  excretion 
both  of  bile  and  of  phenol-phthalein.  Such  a  failure  as  this  happened  to  us  in 
two  cases,  in  both,  however,  subsequent  tests  were  quite  normal.  Recently,  we 
have  hit  upon  a  method  which  counteracts  in  great  measure  this  very  serious 
difficulty.  This  is  the  allowing  of  a  fairly  liberal  diet  to  the  patient  for  a  few^ 
days  preceding  the  test  and  at  the  same  time  the  administration  of  sodium 
bromide  in  fairly  large  doses,  and  finally  and  most  important,  the  administra- 
tion of  sodium  salicylate  for  its  chologogic  effect  for  several  days  preceding  the 
test.    Our  usual  dose  of  the  salicylate  is  fifteen  grains  three  times  daily  for  three 


DISEASE. 

AMOUNT 
INJECTED. 

1st  hour. 

2nd  hour. 

TOTAL. 

TIME  OP 
APPEARANCE. 

1. 

Normal 

04  gm. 

4% 

6% 

10% 

20  minutes 

2. 

tt 

0.2  gm. 

Trace 

6% 

6% 

25 

3. 

(( 

0.5  gm. 

4% 

1% 

5% 

20 

4. 

(( 

0.4  gm. 

5% 

Trace 

5% 

15 

5. 

« 

0.4  gm. 

4% 

(I 

4% 

18 

*6. 

(( 

04  gm. 

Trace 

« 

Trace 

21 

*7. 

it 

0.4  gm. 

2% 

4% 

6% 

12 

8. 

Cirrhosis  of 
Liver 

0.4  gm. 

Trace 

3% 

3% 

30 

9. 

<< 

0.4  gm. 

If 

5% 

5% 

28 

10. 

li 

0.4  gm. 

« 

9% 

9% 

45        " 

11. 

<< 

0.4  gm. 

it 

8% 

8% 

35        " 

12. 

11 

0.4  gm. 

(i 

4% 

4% 

32 

13. 

Chronic   Pas. 
Cong. 

0.4  gm. 

2% 

2% 

4% 

20 

14 

(( 

0.4  gm. 

4% 

3% 

7% 

15 

15. 

Carcinoma 
of  Liver 

0.4  gm. 

Trace 

Trace 

Trace 

35 

,.  Numbers  6   and   7  represent  tests  done   upon   the   same  individuals,   No.    7  being  the   second   attempt, 

the  discrepancy  in  the  results   is  probably  due  to   the  fact   that   the   patient  was  considerably   frightened   on 
the  tirst  attempt,  by  the  manipulations  incident  to   the  test. 
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days  before  the  test  is  carried  out.  The  difference  in  the  amount  of  bile  ex- 
creted by  those  patients  who  have  had  a  preHminary  dose  of  salicylate  and  those 
who  have  not  is  often  quite  striking. 

Finally,  as  a  result  of  this  limited  number  of  tests,  we  believe  that  the 
quantitative  estimation  of  phenolphthalein  in  the  duodenal  contents  is  of  little 
value  from  the  point  of  view  of  the  information  derived,  but  that  the  excretion 
time  of  phenolphthalein  after  its  intravenous  injection  is  rather  decidedly  delayed 
in  certain  pathologic  conditions  of  the  liver. 
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FOCAL  INFECTION^ 


By  John  W.  Shuman,  M.D.,  Sioux  City,  Ia. 


THE  subject  is  one  with  which  the  general  practitioner  is  constantly  con- 
fronted; it  is  a  subject  which  has  gained  considerable  prestige  among 
medical  men  during  the  past  decade.  Many  of  you  have  witnessed  the  quick 
subsidence  of  clinical  symptoms,  the  speedy  and  sure  cure  of  disease,  in  a  case 
of  so-called  "rheumatism"  following  the  removal  of  the  cause — the  focus  of  infec- 
tion. 

Although  focal  infection  is  not  a  new  discovery,  it  is  often  newly  discovered 
in  a  patient  who  has  suffered  an  ailment  for  weeks,  months  <>r  even  }ears  due 
to  the  lack  of  early  suspicioning  and  recognition  of  the  focus  of  infection  by 
the  physician.  For  man\-  years  John  Ridlon  advocated  that  many  cases  of 
chronic  joint  disease  were  not  tuberculous  joints.  He  states  (personal  com- 
munication) that  "The  first  case  I  recall  in  this  connection  was  a  knee  joint  in- 
flammation associated  with  and  apparently  dependent  upon  an  attack  of  dysentery, 
in  September,  1882.  I  immobilized  the  joint  and  cured  the  dysentery  and  the 
case  rapidly  recovered."  At  that  time  little  was  known  of  goiiorrheal  joint  dis- 
ease in  its  acute  and  chronic  forms,  the  same  was  true  of  syphilitic  joint  disease. 
We  must  examine  the  patient  minutely  from  "hair  to  too  nails,"  overlook- 
ing nothing  which  will  be  of  aid  in  diagnosing  the  etiological  factor.  Focal 
infection  gives  rise  to  many  symptoms.  Its  main  feature  is  pain  of  nerve, 
rauscle,  or  joint;  one,  two  or  all  three.  This  generally  brings  the  patient  to  the 
doctor  for  relief.     If  the  disease  is  acute  a  i)art  or  all  of  the  cardinal  signs  and 
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symptoms  of  inflammation  about  one  or  more  joints  may  be  present  (polyar- 
thritis). An  increase  of  temperature,  pulse  and  white  blood  cells  may  be  noted. 
Deep  abscesses  of  the  teeth  are  a  common  cause  and  often  are  overlooked  for 
the  simple  reason  that  they  are  not  suspected.  I  do  not  wish  to  tire  you 
vv'ith  case  reports,  but  here  is  a  brief  report  which  speaks  for  itself. 

C.  T-,  Dentist.  Examhied  Jan.  3,  1916.  Complained  of  morning  frontal 
headaches.  Lost  16  lbs.  in  four  weeks.  Acute  and  painful  swelling  of  the 
right  heel  and  stiffening  of  the  left  knee.  T.  99,  2.  P.  97.  W.  B.  C.  8,000. 
B.  P.  (s)  180,  (d)  115-20,  mm.  Hg.  Left  heart  torder  well  outside  the  M.  C. 
L.  A  systolic  murmer  transmitted  to  the  axilla  was  present.  Urine;  alkaline, 
1010,  albumin  a  trace  and  two  granular  casts  present.  The  second  upper  bicu.spid 
root  was  abscessed  as  also  was  the  second  upper  bicuspid  (right).  They  were 
extracted  and  two  weeks  later  he  had  no  headaches.  B.  P.  (s)  148  (d)  100 
and  no  systolic  murmer.  Urine  acid,  1022,  no  albumin  or  casts.  A  month 
later  B.  P.  (s)  145  (d)  95.  I  called  him  in  yesterday  and  confirmed  the  cardio- 
nephritic  condition.  This  case  is  but  one  of  many  which  I  have  had  the  privilege 
to  observe  in  which  the  kidneys  were  protesting  in  such  a  manner  that  a  man 
would  have  to  be  very  careless  in  order  to  overlook. 

The  tonsil  as  a  disease  focus  is  well  understood.  Too  well  perhaps,  for 
the  first  thing  a  patient  with  a  pain  in  a  muscle,  nerve  or  joint,  is  advised,  even 
by  his  friends,  is  to  have  the  tonsils  removed.     Therefore  many  an  unoffending 

tonsil  is  wantonly  sacrificed. 

One  point  in  this  connection  I  wish  you  to  consider  is  the  advisability 
of  removing  the  acutely  inflamed  tonsil,  the  focus  of  infection.  If  this  is  done 
in  the  instance  necessitating  such  a  procedure,  prolonged  treatment,  chronicity 
of  disease  and  complications  will  be  avoided.  The  abdominal  surgeon  once  ad- 
vised "to  wait''  concerning  acute  appendicitis,  if  pus  was  a  factor,  until  the  pus 
had  walled  off  or  the  attack  was  over  before  operating.  Now  all  agree  that 
the  sooner  and  the  more  thorough  the  appendectomy  the  better  it  is  for  all 
parties  concerned.  I  believed  this  to  be  the  rational  treatment  of  focal  infection 
elsewhere  situated. 

Thorough  chest  and  abdominal  examination  is  demanded  in  every  instance. 
In  order  that  this  may  be  done  properly  the  patient  should  be  stripped,  and  not 
examined  through  the  clothing.  It  is  difficult  enough  to  ascertain  correct  find- 
ings through  the  skin,  muscles  and  bone.  Chronic  pulmonary  disease  gives  rise 
to  neuritis,  muscular  pains  and  arthritis,  but  generally  in  a  subacute  manner. 
Fig.  1  is  a  rontgengram  of  a  man  who  complained  of  severe  pain  and  discomfort 
in  the  ankles,  knees,  elbows,  and  wrists.  Compared  with  Fig.  2.  a  normal  chest, 
i:  is  not  a  difficult  thing  to  note  the  wide  variance.  Fig.  2  shows  the  typical 
"moth-eaten"  and  mottled  appearance  of  tuberculous  species :  Tubercle  bacilli 
were  found  in  the  sputum.  He  had  been  sent  to  me  for  "Acute-rheumatic- 
baths,"  and  not  for  a  diagnosis  which  was  too  late, — he  died. 

The  gastrointestinal  tract  affords  several  places  in  which  pathogenic  bac- 
teria can  culture  and  emit  their  toxins.  The  gall-bladder,  appendix  and  colon 
are  the  principle  ones.  The  diagnosis  of  infection,  acute  or  chronic  of  any  one 
of  the  three  is  a  volume  in  itself  and  can  only  be  mentioned.     Here  intestinal 
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stasis  plays  an  important  role.  Abscesses  of  the  fallopian  tubes,  in  and  about 
the  rectum  and  kidneys  are  frequently  foci  of  infection.  Inflammation  of  the 
sciatic  nerve,  so-called  "sciatic  rheumatism"  is  not  sometimes  but  always,  sec- 
ondary to  a  focus  of  infection,  near  or  remotely  situated.  If  this  focus  is  not 
found  there  are  the  two  old  faithful  alibis,  trauma  or  the  weather,  for  the  lazy 
doctor  to  blame  it  upon.     These  excuses  seem  to  never  wear  out.     Let  us  dis- 


Fig.     1. — Mr.     I'.    \'.      llc.ut    iioniial.       l.ungs,    bilateral    tuberculosis.       Note    that    both    upper    lobes 
I      are    "moth    eaten."      This   coiulition    is    also    called    "mottling."      This   case   died    two    weeks    later.      Autopsy 
lindings    confirmed    clinical    fnulings   and    diagnosis. 


lai'd  lliem.  Let  us  1)Ct,Mn  our  reasoninj^'  with  a  promise  like  this;  there  is  no 
sucli  a  disease  as  rheumatism  and  strike  the  term  from  medical  nonnMudature. 
If  we  do  so  our  conclusions  will  not  he  tar  w  rons^'.  it  one  careiul  search  t'rom 
scalp  to  toes  does  not  reveal  the  trouble  let  us  seareli  aijain  and  a^ain.  If  we 
cannot  recognize  it  let  us  be  fair  and  say  we  do  not  know. 

Routine  and  methodical  examinations  are  all  very  sj^ood  but  we  must  keep 
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our  eyes  open.     We  must  not  permit  ourselves  to  be  misguided  as  T  was  in  the 

following  case: 

E.  A.,  salesman,  aged  26,  complained  June  20.  1915.  of  "articular  rheu- 
matism." January  5,  of  the  same  year,  he  had  experienced  a  severe  attack  uf 
polyarthritis  and  spent  six  weeks  in  bed.  He  stated  that  "tonsillitis  always  pre- 
ceded the  pain  in  the  shoulder,  knees  and  feet."  Physical  examination  revealed 
submerged  and  diseased  tonsils,  temperature  99,  pulse   110;  urine— a  trace  of 


Fig.    2. — Mrs.    S.      Lungs    and    heart    normal. 

dlbumin  and  one  or  tw^o  granular  casts.  I  could  not  make  up  my  mind  tliat  the 
tonsils  were  the  only  cause  of  the  trouble,  so  I  went  over  him  three  times  from 
"hair  to  toe  nails"  before  I  discovered  an  abscessed  root  of  the  left  upper  in- 
cisor, which  he  promptly  stated  "was  one  of  long  standing."  Streptococci  were 
found  in  the  exudate.  His  dentist  would  not  extract  the  tooth,  but  said  he 
could  save  the  root  by  treating  it.  This  pleased  the  patient  greatly.  His  tonsils 
were  removed.  Two  months  later  an  acute  attack  of  arthritis  occurred  in  his 
right  knee;  the  "tooth"  was  still  discharging.     I  took  him  to  another  dentist 
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and  had  that  tooth  removed ;  two  days  later  the  knee  was  well  and  has  remained 
so  ever  since  (April  26,  1916). 

Focal  infection  in  itself  may  be  but  a  minor  thing,  but  the  complications 
are  severe,  oftentimes  resulting  in  permanent  injury  and  even  in  death.  Hence 
the  "rheumatic,"  syphilitic,  and  nephritic  heart ;  the  nephritis,  cholecysititis,  etc.. 
etc.  It  is  not  reasonable  that  they  were  primarily  affected.  We  now  believe 
gastric  ulcer  to  be  infective  in  origin  and  that  the  avenue  of  infection  is  the 
blood  stream;  where  did  it  come  from,  tonsil,  tooth,  lung  or  prostate?  It  is  for 
the  physician  to  find  out. 

A  chronic  running  ear  is  but  a  little  thing — perhaps  you  have  seen  them  of 
long  standing  and  the  patient  seemingly  suft'ered  little  or  no  ill  effect.  I  saw 
one  once  in  a  woman  of  62  years.  She  stated  "my  ear  has  been  discharging  off 
and  on  for  nigh  onto  thirty-five  years,''  and  she  seemed  to  have  no  ill  effects 
from  it.  Last  January  I  visited  a  patient,  who  complained  of  her  "spine  hurt- 
ing." Her  people  could  not  get  the  idea  out  of  their  heads  that  a  fall  in  De- 
cember was  the  cause  of  the  complaint.  She  had  been  acutely  ill  but  two  days. 
Her  physician  thought  a  consultation  unnecessary.  Physical  examination  re- 
vealed marked  tenderness  over  the  right  mastoid.  T.  100.  P.  90.  Patient  de- 
sirous of  being  undisturbed.  She  stated  her  "right  ear  had  been  discharging 
for  sir  years  but  had  stopped  running  three  days  ago  and  had  been  paining 
some  since."  Spinal  puncture  and  analysis  of  the  fluid  showed  clearly  that  the 
patient  was  suffering  from  suppurative  meningitis.  The  meningitis  was  un- 
dottbtedly  secondary  to  suppurative  mastoiditis  which  was  secondary  to  an 
ccute  exacerbation  of  a  chronic  suppurative  otitis  media,  the  focus  of  infection, 
streptococci  in  origin ;  three  days  later  she  died. 

There  is  a  focvis  of  infection  I  have  not  mentioned — abscesses  of  the  skin 
and  its  integument.  I  have  had  the  good  fortune  to  diagnose  and  see  operated 
eight  perinephritic  abscesses.  In  six  of  the  cases  a  subacute  or  nearly  healed 
furuncle  or  furuncles  were  found.  In  all  six  staphlococci  were  found  in  the 
pus  from  around  the  kidney.  In  one  case  there  was  a  deep  seated  ulcer  (trau- 
matic) of  the  riqht  thumb  wliich  was  "scabbed-over ;"  staphlococci  were  found 
under  the  scab  and  in  tlie  perinephritic  pus.  The  eighth  case  was  secondary 
to  a  stitch  abscess  complicatmg  an  inguinal  herniotomy.  Colon  bacilli  were 
found  in  the  pus  of  the  stitch  abscess  and  in  the  perinephritic  abscess. 

In  conclusion ;  then  let  us  make  a  thorough  examination  of  our  patients. 
Let  us  at  the  first  opportunity  afforded  us  suspect  a  focus  of  infection.  If  we 
can,  let  us  find  and  eliminate  the  infection.  If  we  cannot  find  it.  let  us  be  honest 
and  say  so. 


A  CASE  OF  pro(;ressive  lenticular  degeneration 

WITH  AUTOPSY* 


By  Chas.  Hunter,  ALU.,  ALR.C.P..  and  S.  J.  Peirce,  B.A.,  M.D., 

Winnipeg,  Canada. 


L.  B.,  a  girl  of  18,  sent  by  Dr.  Swallow,  of  Rus.sell,  Manitoba,  admitted 
to  \\'innipeg  General  Hospital  on  December  22,  1914,  and  died  January  14,  1915, 
of  erysipelas. 

Sue  was  the  third  of  a  family  of  ten  :  four  sisters  alive  and  well,  two  dead, 
one  at  five  and  the  other  when  two  days  old ;  one  brother  died  at  one  year,  one 
is  healthy  and  the  other,  a  man  of  twenty-four,  began  to  shake  and  walk  stiffly 
in  the  last  six  months.  (This  is  confirmed  by  Dr.  Swallow.)  Patient  said  her- 
self that  "her  brother  was  going  the  same  way." 

Father  died  of  an  accident  at  fifty -one;  mother  at  thirty-eight,  after  a  few 
days'  illness;  mother  had  always  been  "rather  weak."  Apart  from  the  brother 
mentioned,  no  history  of  nerve  trouble  in  the  family. 

Patient  was  always  strong  and  healthy,  and  attended  school  until  fifteen 
years  of  age  when  she  left  in  the  usual  grade  and  began  to  help  at  home,  both 
in  the  house  and  at  outside  farm  work. 

She  menstruated  only  once,  and  then  three  years  ago  for  one  day  only. 
Two  years  ago  she  noticed  that  she  could  not  thread  a  needle  or  peel  potatoes, 
owing  to  shaking  of  the  fingers  and  hands ;  this  shaking  was  present  mainly  when 
she  tried  to  do  such  fine  work  and  did  not  trouble  her  so  much  when  she  was 
busy  at  outdoor  farm  work.  Over  a  year  ago,  she  began  to  get  stiff — noticed 
she  had  difficulty  in  getting  into  bed  and  in  turning  in  bed,  owing  to  the  stiffness. 
She  remarked,  too,  that  her  mouth  began  to  keep  open  in  spite  of  herself  and  that 
at  times  the  saliva  would  dribble,  while  her  friends  noted  that  she  smiled  a  great 
deal  and  that  for  over  a  year,  her  speech  was  indistinct — they  often  told  her  to 
speak  clearly.  For  some  months  she  had  needed  help  in  dressing  and  undress- 
ing; the  stiffness  was  worse  in  the  morning;  she  could  walk  around  with  ease,  but 
owing  to  the  shaking  which  had  increased  and  the  stiffness,  she  could  do  ver}' 
little  work  in  the  house — only  sweeping  the  floor  or  scrubbing,  and  that  with  in- 
creasing difficulty.  Recently,  in  stepping  backward,  she  found  she  had  difficulty 
m  checking  the  backward  movement  and  sometimes  continued  to  move  backwards 
till  held  up  by  the  wall.  A  year  ago,  she  had  an  attack  of  measles,  and  was  in 
bed  then  for  a  month,  owing  to  "weakness."  The  shaking  was  less  on  getting  up. 
No  dyspeptic  symptoms  at  any  time  and  never  any  difficulty  in  swallowing. 

CONDITION    ON    ADMISSION. 

She  was  a  well  built  and  very^  well  nourished  young  woman,  with  full  bust 
development  and  pubic  and  axillary  hairs.  Lungs  normal.  Heart  normal  but 
rather  rapid  .(80-92)  ;  no  anemia;  leucocyte  count  9,600  (polymorphonuclears 
68%,  lymphocytes  26%,  large  mononuclears  6%)  ;  urine  normal;  gastrointestinal 
track  negative;  no  evidence  of  cirrhosis  of  the  liver;   test  breakfast  gave  free 

•From   the   Winnipeg  General   Hospital. 
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Fig.    1. 
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hydrochloric  acid  45  and  total  acidity  of  70;  W'assermann  on  blood  doubtful 
(2.0.0.0.0.)  Temperature  on  three  occasions  before  erysipelas  developed, 
reached  a  little  over  99  degrees. 

Her  facial  expression  was  striking  and  is  well  shown  in  repose  in  the  ac- 
companying photograph  (Fig.  1).  The  mouth  was  constantly  open,  upper  in- 
cisors and  canines  visible  with  a  little  of  the  gum,  upper  third  of  front  lower 
teeth  also  visible  with  the  large  tongue  very  slightl>-  [jrotruding  and  occasionally 
slight  dribbling.  Slie  smiled  very  frequently  and  often  without  any  cause;  then 
the  mouth  opened  a  little  wider,  the  upper  teeth  and  gums  much  more  exposed 
and  lower  teeth  less  so.  The  smile  lasted  long.  Apart,  however,  from  this 
change  around  the  mouth,  the  facial  expression  was  absolutely  fixed  and  re- 
minded one  constantly  of  the  expression  in  paralysis  agitans.  The  upper  eye- 
lids drooped  as  shown;  there  was.  however,  no  increase  of  the  drooping  as  the 
day  went  on,  as  in  myasthenia  gravis. 

CRANIAL     NERVES. 

Vision  and  optic  discs  normal.  Pupils  equal,  medium,  reacting  to  light  and 
accommodation.     Ocular  movements  normal.     Xo  nystagmus   in  any  direction. 

Corneal  reflex  brisk  on  both  sides ;  no  sensory  imi)airment  over  the  face. 
The  patient  could  close  the  mouth,  but  did  so  slowly  and  relaxed  rapidly.  She 
could  not  whistle. 

Hearing  was  normal.  Palate  moved  well  and  symmetrically;  palate  reflex 
present.     Swallowing  unimpaired  and  no  difficulty  at  any  time  admitted. 

The  sternomastoids  were  always  hard  and  did  not  rela.x  even  when  she 
was  lying  still ;  she  could  move  the  head  only  slowly  from  side  to  side,  often 
with  tremor  of  the  head  and  arms— there  was  marked  stiffness  of  the  muscles 
of  the  back  of  the  neck. 

The  large  tongue  was  protruded  slowly  but  only  a  little  way  and  the  move- 
ment was  accompanied  by  slight  tremor  of  the  tongue  and  lips. 

Speech  was  indistinct  and  monotonous ;  some  days  it  was  moderately  dis- 
tinct, but  on  other  days  one  had  frequently  to  ask  her  to  repeat  what  she  said. 

MOTOR    SYSTEM. 

The  muscles  were  everywhere  well  developed  and  possibly  a  little  firmer 
than  usual  to  palpation.  She  walked  with  ease  and  with  only  a  trace  of  rigid- 
ity in  her  gait ;  no  ataxia ;  Romberg  negative.  When  standing  still,  however, 
and  pushed  gently  backwards,  she  could  not  recover  herself  but  would  continue 
to  move  backwards,  sometimes  till  held  up  by  a  pillar  or  wall  some  distance 
away.  With  practice  in  the  hospital,  this  symptom  improved  considerably.  In 
startling  contrast  to  her  freedom  in  walking,  was  her  extraordinary  helpless- 
ness in  bed — she  turned  round  with  the  greatest  difficulty  and  often  stopped 
when  half-way  from  supine  to  prone  position  in  a  helpless,  appealing  way.  She 
assisted  herself  in  turning  with  her  hands  on  the  head  of  the  bed.  Similarly, 
when  getting  into  bed  and  rising  up  from  bed,  her  movements  were  slow,  help- 
less and  rigid  in  the  extreme.  The  movements  of  the  spine,  when  she  was  up, 
were  free:  she  could  bend  forward  and  laterally  with  ease  and  this  combina- 
tion of  freedom  of  movement  when  up.  with  apparent  rigidity  on  turning  in 
bed  forcibly  struck  one,  suggesting  hysteria. 
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When  exhibiting  the  patient  at  the  Hospital  Clinical  Society  as  a  case  of 
iM-ogressive  lenticular  degeneration,  I  was  disconcerted,  on  asking  her  to  lie 
ddwn  on  the  floor  and  to  get  up,  to  find  she  could  do  so  with  comparative  ease, 
rising,  however,  from  the  hard  floor  like  a  pseudohypertrophic  patient.  I  found 
later  she  was  aware  that  she  had  little  difficulty  in  turning  on,  or  getting  up 
from,  a  hard  floor  as  opposed  to  a  soft  bed. 

She  needed  to  be  helped  to  dress  and  undress  while  in  the  hospital ;  she 
could  put  on  and  take  off  her  clothes,  but  only  extremely  slowly,  with  marked 
rigidity  and  some  tremor. 

A  certain  amount  of  rigidity  seemed  everywhere  noticeable  in  the  muscles 
of  the  extremities — e.g..  in  the  lower  limbs,  in  flexing  and  extending  or  rotat- 
ing the  thigh  and  in  the  upper  extremities,  in  flexion  and  extension  of  the  elbow 
and  in  pronation  and  supination.  All  movements  could  be  actively  and  passive- 
ly carried  out — there  was  no  contracture,  though  she  tended  to  carry  the  hands 
slightly  flexed  at  the  wrist-joints  and  extension  of  the  hands  at  the  wrist-joint 
was  definitely  weak.  The  rigidity  was  slightly  more  marked  in  the  left  upper 
and  lower  extremities  than  in  the  right. 

The  muscles  of  the  abdominal  wall  were  quite  relaxed,  when  patient  was 
,  lying  in  bed  and  the  abdomen  could  be  palpated  with  comparative  ease. 

Generallv,  no  tremor  was  noticeable ;  on  excitement  or  on  muscular  ef- 
fort,  a  marked  rhythmical  tremor  developed,  mainly  in  the  left  upper  extrem- 
ity, though  when  marked,  involving  the  head  in  flexion  and  extension,  the  left 
ankle  and  toes  in  flexion  and  extension,  and  slightly  the  right  upper  and  lower 
extremities  in  a  similar  fashion  to  the  left.  The  tremor  particularly  developed 
when  she  tried  to  put  on  or  to  take  off  her  stockings  and  was  well  marked  in  the 
finger-nose  test.  Protrusion  of  the  tongue  developed  a  slight  tremor  of  the 
tongue  and  lips.  In  the  left  upper  extremity,  where  the  tremor  was  most 
marked,  it  took  the  form  of  alternating  flexion  and  extension  at  the  elbow, 
flexion  and  extension  at  the  wrist  and  alternating  pronation  and  supination  to 
a  slight  degree;  its  range  varied  with  the  muscular  effort  and  excitement  and 
sometimes  reached  2" — 3".  Patient  could  control  the  tremor  sometimes  when 
ordered  to  do  so;  at  other  times,  the  command  aggravated  the  condition. 

SENSORY    SYSTEM. 

Xo  alteration  in  any  form  detected  and  no  subjective  sensation. 

KEKLEXRS. 

The  abdominal  reflexes  on  the  left  side  were  never  elicited,  though  fre- 
quently examined;  on  the  right  side,  tlic  upper  abdominal  reflex  was  elicited  re- 
peatedly but  never  the  lower.  Knee-jerks  and  achilles-jerks  brisk  and  equal;  no 
ankle-clonus,  though  a  pseudoclonus  was  repeatedly  obtained.  .\  definite  extensor 
response  was  elicited  repeatedly  from  the  sole,  particularly  on  the  left  side,  but 
more  frequently  the  response  was  of  the  usual  flexor  type.     Sjihincters  normal. 

During  her  three  weeks'  stay  in  the  hospital,  patient  answered  questions 
intelligently  and  took  quite  an  interest  in  the  other  patients,  who  remarked  on 
her  frequent  smile. 

She  was  (|uite  cheerful  but   remarked  repeatedly  that   the  doctors   had  not 
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helped  her  so  far.     The  nurses  thought  she  was  rather  simple  and  chiMIikc. 

On  January  11  she  developed  facial  erysipelas,  which  spread  rapidly  ever 
the  head,  her  temperature  rose  rapidly  to  105  degrees  and  before  death  to  over 
107  degrees;  sensorium  clear  but  progressive  cardiac  weakness — death  on  Janu- 
ary 14^  1915. 

Autopsy  was  performed  January   15,  1915,  by  Dr.  Pcirce. 

SYNOPSIS    Oi'    POST    MORTEM    FINDINGS. 

External  Examination. — Body  of  young  adult  female,  well  developed  and 
well  nourished.  Upper  portion  of  face  edematous,  lileb-formation  on  lower 
portion  of  forehead,  left  ala  of  nose  and  lobe  of  right  ear. 

Internal  Examination. — The  only  organs  that  show  changes  other  than  are 
incidental  to  septicemia  are  the  liver,  spleen,  and  brain. 

Liver. — Markedlv  cirrhotic.     This  is  best  seen  on  the  lower  surface  which 


Fig.   3. 

presents  a  multitude  of  small  lobules  2-10  nmi.  in  diameter,  separated  from  one 
another  by  bands  of  connective  tissue.  Organ  is  somewhat  smaller  than  normal 
and  of  firm  consistence.    Weight — 1,402  grams.     (Fig.  2.) 

Spleen. — Uniformly  enlarged,  soft,  but  pulp  is  not  defluent.  A\'eight  355 
grams. 

Brain. — Cerebrospinal  fluid  somewhat  excessive  in  amount.  Vertex  of 
right  hemisphere  shows  a  thickening  of  the  arachnoid,  which  appears  as  a  milky 
area  about  one  inch  in  diameter.  Extreme  anterior  poles  of  both  hemispheres 
show  single,  symmetrical,  cord-like  adhesions  of  arachnoid  to  dura. 

Weight  after  hardening  in  ten  per  cent  formalin : 

Left  hemisphere   639  grams. 

Right  hemisphere    650       " 

Cerebellum  and  pons 167       " 

Total   1,436      " 
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Horizontal  section  along  a  plane  immediately  below  the  extremities  of  the 
corpus  callosum  (Pierre  Marie's  coupe  d'election)  gives  the  appearance  shown 
in  Fig.  3.  The  figure  below  is  that  of  the  left  hemisphere  of  the  brain.  The 
figure  above  is  for  comparison,  and  is  that  of  the  left  hemisphere  of  the  brain  of 
a  boy  who  had  died  of  tuberculous  meningitis.  The  only  noteworthy  feature 
of  the  section  is  a  uniform  diminution  in  size  of  the  lenticular  nucleus.  The 
reduction  in  size  seems  to  be  confined  largely  to  the  putamen.  The  normal 
pattern  of  the  cut  surface  here  is  blurred  by  a  brownish  foggy  appearance 
which  extends  outwards  into,  and  to  some  extent  obliterates,  the  external  cap- 
sule. The  nucleus  presents  no  cavitation  nor  does  it  appear  softened.  The 
cortex  appears  everywhere  of  normal  thickness.  Gross  serial  sections  reveal 
no  other  abnormality. 

Spinal  Cord. — Beyond  old  adhesions  of  the  meninges  no  gross  change  can 
be  made  out. 

Microscopic  Examination. — Section  of  the  lenticular  nucleus  (Van  Gieson 
and  Ehrlich's  acid  hematoxylin)  show  a  dearth  of  nerve  cells,  and  an  increase 
in  glial  elements.  The  nerve  cells  that  persist  show  mostly  an  eccentric  nucleus 
and  brown  granules  in  the  cytoplasm.  The  vessels  show  no  perivascular  in- 
filtration and  no  endarteritis.  Small  mononuclear  cells  containing  brown  gran- 
ules are  fairly  numerous. 

Section  of  Cord. —  (Osmic  acid).  Show  no  demonstrable  areas  of  degen- 
eration. Cells  of  the  anterior  horns  appear  normal.  Meninges  show  no  infiltra- 
tion. 

Sections  of  the  liver  confirm  the  gross  appearance.  There  is  great  increase 
in  connective  tissue  elements.  In  many  places  the  liver  substance  is  broken  up 
into  isolated  islands  of  liver  cells  by  bands  of  connective  tissue.  Many  liver 
cells  show  fatty  change. 

Remark. — No  change  was  found  microscopically  in  the  internal  capsule  or 
in  the  pyramidal  track  in  the  cord  to  account  for  the  occasional  extensor  re- 
sponse and  the  constant  absence  of  the  abdominal  reflexes  on  the  left  side. 

These  physical  signs  presented  a  difficulty  in  regarding  the  case  as  one  of 
"Progressive  Lenticular  Degeneration,"  as  described  by  Kinnier  Wilson  in 
Brain"  in  1912. 


LABORATORY  METHODS 


RADIOGRAPHIC  STUDIES  OF  CEREBRAL  VASCULAR  LESIONS. 

A  PRELIMINARY  NOTE* 


By  Charles  O.  Dhonau,  Cincinnati,  Oiiio. 

MUCH  has  been  written  concerning-  the  vascular  lesions  in  the  cerebral  ves- 
sels and  very  many  of  the  usual  photographs  have  been  used  to  illustrate 
cerebral  lesions  due  to  vascular  disease,  but  so  far  as  I  have  been  able  to  dis- 
cover no  previous  attempt  has  been  made  to  study  the  vascular  system  of  the 
brain  as  a  whole  by  means  of  injection  and  x-ray  photog^raphs.  This  is  per- 
haps more  to  be  wondered  at  because  in  studies  of  the  vascular  system  of  the 
heart  the  method  has  been  of  considerable  value,  and  when  it  is  recalled  that 
the  brain  suffers  at  least  as  frequently  as  the  heart  from  diseases  of  its  vessels 
it  would  seem  that  in  this  viscus  the  same  methods  would  be  at  least  of  equal  in- 
terest. It  is,  perhaps,  the  fact  that  the  technical  difficulties  in  injecting  the  brain 
after  it  has  been  removed  from  the  skull  are  greater  than  in  most  other  organs. 
There  are  so  many  collateral  communications  which  must  be  broken  in  removing 
the  organ,  that  the  injecting  fluid  or  mass  leaks  out  in  innumerable  places.  The 
waste  is  therefore  great  and  in  dealing  with  injection  masses  which  are  satis- 
factory for  x-ray  work  artifacts  are  very  easily  produced  and  these  are  often 
misleading.  Therefore,'  the  method  which  was  worked  out  by  me  involved 
leaving  the  brain  in  situ.  By  this  method  the  brain  could  be  thoroughly  washed 
out,  then  injected  readily,  and  finally  removed  with  little  danger  of  leakage 
provided  a  proper  mass  was  used  and  other  necessary  precautions  were  observed. 

The  matter  of  the  injection  mass  gave  a  certain  amount  of  trouble.  A  suc- 
cessful mass  is  one  which  must  form  a  fairly  stable  suspension  and  which  will, 
after  fixation  of  the  brain,  be  impenetrable  to  the  x-rays.  Jamin  and  MerkeP  in 
injecting  the  coronary  arteries  used  red  lead  wax  and  turpentine  as  one  mass, 
and  red  lead  iodipin  and  wax  or  gelatine  as  another.  A  third  mass  was  composed 
of  a  heavy  proportion  of  red  lead  in  a  10-15  per  cent  solution  of  gelatine.  Ex- 
perimentation w^ith  these  masses  showed  in  the  case  of  the  red  lead,  wax  and 
turpentine,  that  constant  agitation  of  the  mass  was  necessary  during  the  entire 
injection.  The  experiments  watli  gelatine  were  as  a  whole  unsatisfactor}'  on  ac- 
count of  the  effects  of  temperature  on  the  viscosity  of  the  mass.  While  in  the  ' 
case  of  single  removable  organs  these  masses  were  utilized  in  a  satisfactory  man- 
ner, the  injection  of  a  circulation  as  extensive  as  that  of  the  brain  from  a  point 
quite  distant,  as  in  the  case  of  my  method,  required  an  injection  mass  which  was 
stable  and  which  was  not  affected  by  variable  temperatures.  ^ 

Hauch,-  injecting  the  renal  arteries,  used  500  grams  of  red  lead.  500  grams 
of  paraffine  oil  and  250  grams  of  turpentine  oil.  Experimentation  with  this  mass 
showed  that  it  had  to  be  agitated  during  the  injection  to  prevent  an  uneven  con- 
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centration  of  the  lead.  The  plates  made  from  the  organs  in  which  this  mass 
had  been  injected  were  fairly  satisfactory.  On  account  of  the  inherent  weak- 
nesses of  both  the  Hauch  and  Jamin  IMerkel  masses  for  injection,  I  experimented 
with  the  injection  mass  suggested  to  me  by  Dr.  Herbert  A.  Brown,  Curator  of 
the  Museum  of  the  Pathologic  Institute  of  the  Cincinnati  General  Hospital. 
This  was  a  suspension  of  litharge  in  glycerine.  This  proved  to  be  a  perfectly 
homogenous  mass  and  in  the  proportion  of  225  grams  of  litharge  to  500  c.c.  of 
glycerine  penetrated  into  the  principal  medullary  branches  of  the  cerebrals.  This 
mass  threw  an  even  shadow  and  the  plates  showed  a  clear  delineation  of  the 
arteries  from  the  Circle  of  Willis  to  the  larger  branches  of  the  terminal  cerebrals. 


Fig.  1. — The  injection  apparatus.  (a)  a  (i4-oiince  squat  injecting  bottle;  (1>)  a  ruliber  stopple 
into  which  was  titled  a  metal  gooseneck;  (c)  a  rubber  tube  extending  from  the  gooseneck  to  the  floor 
of  the  bottle;  (d)  a  rubber  tube  extending  from  the  gooseneck  to  a  Y  connection;  (e)  a  hard  rubber 
aspirating  and  injecting  pump;  (f)  a  pressure  gauge;  (g)  a  rubber  tube  from  the  gooseneck  to  a  \  con- 
nection on  the  air  side  of  the  apparatus;  (h)  a  rubl)er  tube  from  the  pressure  gauge  to  the  \  coiinection 
on  the  air  side;  (i)  a  rubber  tube  from  the  air  pump  to  the  V  connection  on  the  air  side;  (j)  -  rubber 
tubes   from   the    V  connection   on   the   injection   side   to   the  canuhe;    (k)    J   metal   canul.t. 

The  technic  of  the  injection  was  as  follows:  The  right  and  left  common  carot- 
id arteries  and  the  right  and  left  internal  jugular  veins  were  brought  to  the  surface 
at  the  upper  margin  of  the  sternum.  Canulrc  were  introduced  into  both  carotids. 
Incisions  were  made  into  both  internal  jugulars  for  drainage.  The  external 
carotids  were  ligated.  An  injectidU  of  2.000  c.c  of  one  i)er  cent  si-»lulion  of  borax 
was  made  simultaneously  into  both  carotids.  The  injection  t.f  the  borax  solution 
cleared  the  blood  from  the  arteries  and  sinuses  with  the  exception  of  such  blood 
as  was  in  the  form  of  thrombi.  The  washing  was  followed  by  an  injection  o\ 
the  litharge-glycerine  mass.  This  last  injection  was  started  at  'low  pressure  and 
was  continued  until  the  maximum  resistance  was  noted.  Maximum  resistance 
in  this  form  of  injection  equaled  a  j^ressure  of  18  pounds  to  the  square  inch. 
The  amount  of  the  mass  injected  before  the  i^oint  of  maximum  resistance  was 
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reached  averaged  350  c.c.  After  the  injection  was  stopped,  the  canulse  were 
removed  from  the  carotids  and  the  arteries  were  ligated.  The  head  was  placed 
in  a  position  of  retraction  during  the  entire  injection.  Immediate  cranial  eviscer- 
ation was  then  done  by  the  usual  method  practiced  at  postmortems.  On  in- 
cising the  scalp  the  injection  mass  exuded  from  the  arteries.  On  retracting  the 
scalp  the  temporal  arteries  were  found  fully  injected.  On  removing  the  cal- 
varium  (which  was  done  without  injury  to  the  brain  substance)  the  meningeal 
arteries  were  found  fully  injected.  On  removing  the  dura  the  terminal  branches 
of  the  cerebrals  were  found  fully  injected.  To  prevent  the  escape  of  the  injec- 
tion mass  the  internal  carotids  and  basilar  artery  were  ligated  before  division. 
The  viscus  was  then  removed  from  the  skull  and  was  placed  in  a  specimen  jar 
containing  a  10  per  cent  solution  of  formaldehyde  and  sufficient  cotton  to  give 


Fig.    2. — This    is   a    normal    specimen    in    which    there    is    no    vascular    disease.      Note    the    regularity    of    the 

arteries   as    compared   to   those   in    Fig.    3. 

support  to  the  brain.  After  an  immersion  of  48  hours  it  was  removed  from  the 
specimen  jar  and  the  exposure  to  the  x-rays  was  made.  Two  exposures  were 
made.  The  first  was  of  the  entire  brain  with  the  base  toward  the  plate.  The 
second  was  of  both  hemispheres  with  the  mesial  surface  of  each  toward  the 
plate.  With  both  hemispheres  on  the  same  plate  the  lateral  view  was  found 
to  be  of  much  value  on  account  of  presenting  both  a  normal  and  an  abnormal 
specimen   for  differential   study. 

To  illustrate  the  results  of  this  method,  photographs  of  two  plates  are  pre- 
sented (Figs  2  and  3). 

There  was  a  clinical  diagnosis  of  cerebral  hemorrhage.  The  autopsy  diag- 
nosis made  without  sectioning  the  brain  was  arteriosclerosis ;  dififuse  subarach- 
noid hemorrhage  from  the  right  and  left  posterior  cerebellar  arteries ;   throm- 
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bosis  of  the  right  and  left  posterior  cerebellar  arteries.  After  the  exposure  to 
the  x-ray  the  brain  was  sectioned,  showing,  a  mass  of  clotted  blood  which  en- 
tirely filled  the  left  lateral  ventricle ;  an  area  of  white  softening  in  the  left 
hemisphere  corresponding  to  that  portion  of  the  medulla  which  is  supplied  by 
terminal  branches  of  the  ascending  frontal  artery.  There  were  no  pathologic 
changes  in  the  right  cerebrum.  The  x-ray  diagnosis  was  arteriosclerosis,  the 
vessels  showing  marked  tortuosity  and  irregularity;  rupture  of  the  left  middle 


Fig.    3-A.— Case    No.    A-2997. 

cerebral  artery  at  a  point  in  its  m;iin  trunk,  as  shown  by  an  apparent  projection 
into  the  intima  of  this  artery  of  a  part  of  the  clot,  when  scon  stereoscopically ; 
thrombosis  of  the  posterior  cerebellar  arteries,  as  seen  by  the  absence  of  the  in- 
jection mass  in  these  vessels ;  thrombosis  of  the  terminal  liranchcs  of  the  ascending 
frontal  artery  on  the  left  side,  as  seen  by  the  absence  oi  iho  injection  mass  in 
these  vessels;  possible  multiple  miliary  aneurisnial  formations  in  the  right 
cerelirum.     To  demonstrate  these  findings.  I  ha\  e  marked  the  print  as  follows : 
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(A)  Area  of  thrombosis  of  the  terminal  branches  of  the  ascending  frontal 
branch  of  the  left  middle  cerebral;  (B)  Correspondinjr  normal  area  in  the  right 
side;  (C)  Thrombosis  of  the  right  and  left  posterior  cerebellar  arteries;  (D) 
Possible   miliary   aneurismal    formations. 


Fig.    3-B. 
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STUPID  WORDS  AND  STATEMENTS  COMMONLY  APPEARING  UPON 

LABORATORY  REPORTS 


By  B.  G.  R.  Williams,  M.D.,  and  E.  M.  Williams,  B.S.,  Paris,  III. 


A  SLIP  of  the  tongue  is  often  overlooked,  but  a  slip  of  the  pen  is  regarded  as 
inexcusable.  A  laboratory  report,  standing  as  it  does  as  a  permanent 
record  of  precise  data  and  not  to  be  altered  save  by  amendment  provided  by  re- 
examination, should  be  strictly  accurate. 

Yet  to  study  or  even  glance  many  reports,  the  reader  is  often  led  to  doubt 
if  the  examination  v^-as  really  worth  while.  The  family  physician  desires  a  us- 
able record  of  diagnostic  worth.  Hoping  for  this  he  has  sacrificed  time  and 
patience  in  collecting  and  preparing  the  specimen.  The  sick  man  has  provided 
the  "good  iron  dollars."  The  laboratory  man,  intensely  interested  in  the  prob- 
lem, has  made  tfie  examination  and  has  determined  (to  his  satisfaction)  what,  if 
any,  light  it  throws  upon  the  diagnosis.  Yet,  the  permanent  record  raises  in- 
numerable cjuestions,  and  finally  leads  those  who  have  not  seen  the  work  carried 
out,  to  doubt  the  value  of  the  examination  and  to  discredit  laboratory  work  in 
general.  No  matter  how  skilled  the  examination,  it  frequently  happens  that  the 
written  report  is  valueless. 

THE   equivocal    "negative"    AND   SOME    OTHER    WORDS. 

A  test  may  be  positive  or  negative,  but  these  terms,  and  especially  the  lat- 
ter, are  much  misused.  The  odor  of  a  urine  is  rarely  negative,  the  conclusions 
on  a  sputum  examination  (embracing  as  it  should  many  tests)  should  never  be 
stated  by  a  terse  "negative"  and  a  differential  blood  count  is  never  negative. 
Negative  is  an  adjective  and  implies  the  absence  of  certain  qualities.  It  may 
be  used  in  complement-fixation  work,  for  example,  to  show  that  specific  anti- 
bodies or  complement-binding  qualities  are  absent  from  the  patient's  scrum. 
But  it  seems  to  us  that  its  use  to  express  the  fact  that  a  color  is  normal,  that 
the  worker  is  unable  to  find  tubercle  bacilli  in  a  sputum  (pus.  blood  and  other 
important  findings  may  be  present)  and  its  promiscuous  use  on  clinical  reports. 
s  not  justified. 

The  word  "precipitate"  (noun)  is  often  used  incorrectly  by  men  who  should 
set  a  standard  for  accurate,  scientific  expressions.  Truly  speaking,  coagulated 
albumin  is  not  a  precipitate  but  is  a  coagulum.  the  solid  or  semisolid  state. of  a 
sol.  The  term  "precipitate"  should  be  restricted  to  the  solid  state  of  a  crystalloid 
as  thrown  from  true  solution. 

It  is  our  observation  that  "mucus"  and  "nuicous"  are  quite  generally  con- 
fused or  spelled  incorrectly. 

"Blood,"  "hemoglobin,"  "hcmatin"  and  "erythrocytes"  should  be  more 
carefully  differentiated  in  laboratory  reports.  'Phis  criticism  is  not  unjust,  for 
it  may  have  some  bearing  upon  the  diagntistic  use  of  the  information. 

The  term  "found"  is  not  strictly  incorrect,  but  in  chemical  work  "detected" 
is  perhaps  preferable  whereas  in  microscopy  the   term  "identilied"  seems  to  us 
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to  be  more  desirable.    It  is  likewise  merely  a  question  of  preference  when  we  ad- 
vise the  use  of  the  words  "sensitive  test'"  rather  than  "delicate  test." 

"Trace"  is  not  definite  enough,  for  what  one  worker  may  consider  a  trace, 
the  next  will  report  as  absent.  The  latter  may  report  as  a  trace  that  which  the 
former  would  regard  as  a  small  amount.  "Trace"  should  always  be  qualified  as 
"questionable  trace,"  "appreciable  trace,"  "marked  trace,"  and  "more  than  a 
trace."  This  suggestion  is  volunteered  because  the  average  practitioner  is  in- 
clined to  disregard  the  word  "trace"  and  dismiss  it  as  significant  of  no  clinical 
meaning. 

"Present"  may  be  permissible  in  some  portions  of  the  report  but  is  not 
definite  enough  as  a  rule.  It  seems  to  us  that  it  is  not  sufficient  to  report  casts' 
as  "present,"  but  these  casts  should  be  classified  and  an  estimate  of  the  number 
per  field  should  be  made.  The  reason  is  obvious :  a  few  hyaline  casts  may  have 
but  little  meaning,  but  where  a  dozen  or  more  granular  casts  are  present  in  every 
portion  of  the  drop  the  case  is  different.  Moreover,  it  may  be  possible  in  a  series 
of  examinations  to  approximate  a  prognosis.  Elsewhere  we  have  shown  that 
by  such  series  of  examinations,  vascular  nephritis  may  be  diagnosticated  by  the 
study  of  the  urine  alone. 

REPORTS  OF  URINALYSIS. 

Amount. — While  every  laboratory  worker  would  prefer  to  know  the  actual 
amount  of  urine  being  passed  each  twenty-four  hours,  it  is  not  always  possible 
to  secure  these  figures.  The  blank  which  provides  for  this,  should  not  be  filled 
in  with  the  word  "negative,"  but  should  be  marked  "Amount  not  stated."  If 
it  is  probable  that  the  amount  is  normal,  but  there  is  uncertainty  because  figures 
are  not  available,  the  sentence  "Probably  normal,  according  to  patient's  state- 
ment" or  "Probably  normal,  as  suggested  by  other  properties"  will  leave  no 
question  in  the  mind  of  the  reader. 

Color,  odor. — We  doubt  if  the  color  of  a  urine  should  ever  be  stated  as 
"normal,"  but  concede  at  the  same  time  that  it  is  ver}^  difficult  to  find  a  satisfac- 
tory word  to  express  the  color.  It  has  been  very  difficult  for  laboratory  men  to 
agree  upon  a  chart  or  scheme  of  normal  and  pathological  urinary  tints.  More- 
over a  color  which  might  be  normal  for  a  twenty-four  hour  specimen  of  48  fluid 
ounces,  would  by  no  means  be  normal  for  one  of  10  fluid  ounces  or  100  fluid 
ounces.  The  color  of  the  sample  may  be  unimportant  or  absent  but  in  either 
case  the  word  "negative"  should  be  avoided  since  it  lias  become  ambiguous 
through  usage.  The  same  principles  apply  to  the  designation  of  the  odor  of  the 
urine.  We  fear  that  the  man  doing  much  urinary  work  is  becoming  a  bit  care- 
less in  the  use  of  words  which  may  mean  much  to  him.  but  mean  nothing  to  the 
family  physician  or  scientific  readers  in  general. 

Solids. — Total  solids  should  always  be  qualified  by  reporting  as  "per 
twenty-four  hours"  or  "per  liter." 

Reaction. — It  seems  to  us  that  where  litmus  is  not  used  as  the  indicator,  that 
the  name  of  this  indicator  should  be  stated  with  the  results. 

Albumin. — The  more  progressive  laboratories  are  now  reporting  albumin 
as  serum  albumin  in  order  to  discriminate  between  it  and  other  albuminous 
bodies.     We  routinely  report  it  in  filtered  sample,  but  further  qualify  if  it  seems 
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to  be  explained  by  pus,  blood,  and  so  on.  We  eliminate  the  question  of  bacteria 
by  refusing  to  examine  decomposed  samples,  by  pointing  out  this  source  of  error 
in  the  report  or  by  shaking  with  calcined  magnesia,  filtering  until  clarified  and 
controlling  the  tests  carefully.  When  we  fail  to  detect  serum  albumin  in  a  sample 
of  urine,  we  do  not  use  the  term  "negative,"  but  state  that  it  is  absent  by  such 
and  such  a  test  or  by  the  routine  clinical  tests.  It  seems  to  us  that  the  term 
"albumen"  should  be  dropped. 

Other  Chemical  Tests. — "None"  or  "O"  is  usually  employed  by  us  to  show 
that  Bence-Jones  body,  bilirubin,  glucose  and  so  on  are  absent. 

Inasmuch  as  the  purpose  of  the  laboratory  report  blank  is  to  serve  as  a  re- 
minder as  well  as  a  convenient  means  for  classifying  the  findings,  it  seems  that 
it  is  well  to  provide  space  for  all  tests  of  known  value.  In  every  examination, 
however,  it  is  not  necessar}^  for  the  worker  to  set  up  diazo.  pentose  and 
urochromogen  tests.  In  such  case  it  is  not  proper  to  fill  in  these  blanks  with 
the  word  "negative"  (and  this  is  being  done  by  some  men),  but  it  is  much  better 
to  draw  lines  through  these  words,  showing  that  the  respective  tests  were  not 
made.  The  laboratory  man  is  not  called  upon  to  fill  every  blank  in  the  report 
sheet,  and  is  unfair  to  himself  and  his  clientele  if  he  attempts  to  do  so. 

Quantitative  Work. — In  the  same  connection  comes  the  question  of  how 
much  quantitative  work  the  laboratory  man  carries  out  in  the  routine  urinalysis. 
Most  men  estimate  the  solids,  if  provided  with  twenty-four  hour  figures,  and 
some  calculate  the  urea.  Well  and  good,  but  a  large  number  likewise  fill  out  all 
the  blanks  in  the  quantitative  section — not  with  figures,  of  course;  but  with  the 
words  "present"  or  "absent."  What  stufif  is  this?  Many  of  our  laboratory  men 
(and  we  judge  by  their  reports)  find  urates,  chlorides,  sulphates  and  phosphates 
in  samples  of  urine  submitted  to  them  for  diagnostic  examination.  Perhaps 
these  same  men  ofttimes  wonder  why  practitioners  lay  so  little  emphasis  upon 
the  value  of  their  reports.  \\"e  will  not  be  surprised  one  of  these  days  to  find 
water  reported  as  present  in  some  urinary  sample. 

Microscopy. — The  laboratory  man  is  at  his  best  in  reporting  microscopic 
findings.  The  practitioner  has  learned  this,  and  often  instructs  him  to  make 
only  the  microscopic  study. 

However,  there  is  one  point  which  must  be  straightened  out  eventually  and 
this  perhaps  will  be  realized  only  by  a  general  agreement.  This  is  in  regard  to 
the  reporting  of  pus  cells  or  the  various  types  of  white  blood  cells  in  the  urinary 
sediment.  Show  us  the  report  that  states  that  pus  cells  were  absent,  and  we  can 
usually  prove  that  the  worker  was  either  careless  and  not  thorough  in  his  ex- 
amination or  that  he  possessed  intelligence  enough  to  ignore  the  few  leucocytes 
he  saw  that  the  family  physician  might  not  be  confused  thereby.  Here  are  some 
rules  in  this  connection  which  are  not  to  be  taken  as  final,  but  are  designed  to 
open  up  the  question  anent  the  reporting  of  pus  cells : 

1.  The  presence  of  many  of  these  cells  (at  least  two  in  every  high  power 
field,  unless  found  by  low  or  high  power  in  clumps  of  five  or  more)  should  be 
reported  not  only  as  such,  but  the  point  should  be  emphasized  that  "this  urine 
contains  true  pus — case  of  pyuria." 

2.  If  possible,  distinguish  between  small  renal  cells  and  the  various  types 
of  white  blood  cells,  and  so  state  upon  the  report. 
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3.  Attempt  to  determine  the  cause  and  origin  of  the  pus  not  only  for  the 
diagnostic  value  of  such  a  procedure,  but  to  actually  determine  in  a  given  urine 
where  there  are  a  few  or  more  than  a  few  white  cells,  that  these  are  truly  patho- 
logical and  that  pyuria  should  be  reported. 

4.  Never  report  cancer  cells  in  a  urine  sediment.  Malignancy  is  deter- 
mined, not  by  cell  types  but  by  cell  relations.  Cells  desquamated  from  a  benign 
papilloma  may  present  a  vegetative  appearance  but  may  not  have  broken  through 
the  basement  membrane  at  any  point. 

SPUTUM    REPORTS. 

There  is  nothing  more  disgusting  to  us  than  some  sputum  reports.  Not  a 
few  of  these  come  from  laboratories  of  men  who  really  know  better,  but  who 
perhaps  become  careless.  We  have  witnessed  reports  with  the  terse,  "nega- 
tive" stamped,  written  or  typed  followed  merely  by  the  signature  of  tlie  examiner. 
It  is  perhaps  not  for  us  to  say  whether  the  worker  shall  or  not  report  upon 
elastic  tissue,  cells,  albumin  and  so  on;  it  may  be  his  privilege  to  regard  a 
complete  sputum  examination  as  a  search  for  the  bacillus  of  Koch.  But  we  do 
object  to  the  meaningless  "negative"  passing  as  the  last  word  from  the  medical 
laborator}^ — the  sick  man  deserves  a  better  fate.  We  make  it  a  rule  when  re- 
porting tubercle  bacilli  as  absent,  to  give  the  physician  some  idea  as  to  what 
kind  of  a  search  we  carried  out  (and  there  are  various  methods  carried  out). 
Thus,  for  example,  we  state,  "absent  in  three  smears  examined  closely,"  or 
other  words  which  will  mean  something  to  him. 

But  we  have  contended  and  still  contend  that  a  sputum  examination  means 
something  more  than  to  peep  through  a  lens  for  red  rods.  The  time  has  come 
when  a  sputum  examination,  done  properly,  is  much  more  tedious  (and  fascinat- 
ing) than  a  urinalysis,  and  when  properly  completed  and  reported,  the  fee  should 
be  twice  or  thrice  that  charged  for  the  urinalysis. 

OTHER  REPORTS. 

In  general  the  same  rules  as  given  above  apply  to  blood,  gastric,  pus  and 
other  reports,  and  it  is  not  necessary  to  consider  these  in  detail.  If  medical 
diagnosis  reaches  perfection  anywhere,  it  is  in  the  medical  laboratory.  Here 
are  found  the  men  who  dare  not  guess,  but  who  must  work  out  problems  with  an 
accuracy  demanded  from  no  other  class  of  specialists.  Their  records  are  perma- 
nent. These  reports  may  travel  across  the  continent  and  reach  the  hands  of  the 
greatest  clinicians  of  the  world.  The  future  sentence  upon  the  medical  labora- 
tory  will  be  passed  by  the  men  who  are  reading  these  reports,  and  by  these  we 
will  be  judged. 

This  plea  is  to  the  laboratory  man.  Prepare  well  your  exhibit  for  the  eyes 
of  the  jurors. 
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EDITORIALS 


The  Diagnosis  and  Treatment  of  Paresis 

THREE  papers  lately  published  pertain  to  the  very  interesting  subject  of  the 
serological  diagnosis  oi  general  paresis  and  its  treatment  by  the  newer 
topical  methods. 

Lowery^  publishes  the  results  of  four  years'  experience  at  Danvers  with 
the  serum  and  spinal  fluid  Wassermann.  In  1,714  admissions  since  May.  1912, 
serum  Wassermann  has  been  done  on  1,600  and  spinal  fluid  Wassermann  on  276. 
The  cases  were  unselected.  Two  human  heart,  cholesterin  fortified,  and  one 
luetic  fetal  liver  extract  were  used  as  antigens  in  each  test.  Of  the  sera  16  per 
cent  were  positive,  3.87  per  cent  were  doubtful  and  80.13  per  cent  were  negative. 
Of  cases  not  showing  a  positive  serum  reaction  (i.e.,  of  5  doubtful  and  12  nega- 
tive sera)  17  gave  a  positive  spinal  fluid  Wassermann.  In  this  series  therefore 
one  per  cent  of  positive  diagnosis  was  gained  by  performance  of  lumbar  punc- 
ture. 

It  is  of  interest  that  7.6  per  cent  of  cases  not  clinically  paresis  gave  posf- 
tive  serological  results.  Of  the  cases  clinically  paretic  87.5  per  cent  were  posi- 
tive, 10.3  negative  and  2.2  doubtful.  Other  psychoses  present  some  interesting 
findings:    10  per   cent   of   inil)eciles    were   syphilitic   and    in   a   group   diagnosed 
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"pre-senile  delusional  insanity,"  corresponding  perhaps  to  the  familiar  "involu- 
tional depression"  there  were  16  per  cent  of  positive  findings.  It  is  also  worth 
noting  that  in  less  than  half  of  the  positive  cases  was  a  positive  history  obtain- 
able.    However,  mental  incapacity  would  explain  this  to  a  great  extent. 

Evans  and  Thorne^  present  conclusions  of  the  value  of  salvarsanized  scrum 
in  the  treatment  of  15  cases  of  paresis;  one  of  which  was  treated  both  intra- 
spinally  and  intracranially.  The  number  of  intraspinous  injections  average 
about  six  for  each  patient.  They  summarized  their  results ;  three  patients 
showed  mental  and  physical  improvement,  but  of  these  only  one  has  remained 
well;  one  has  withdrawn  from  observation  and  one  died  of  convulsions  less  than 
ten  months  after  the  conclusion  of  the  treatment ;  five  showed  physical  improve- 
ment only  and  these  two  died  about  a  year  after  discontinuance ;  three  showed 
no  improvement  at  all.  They  believe  that  improvement  is  no  greater  than  with 
older  methods  and  point  out  the  fact  that  mere  lumbar  puncture  will  bring  down 
the  cell  count.  However,  some  objections  could  be  raised  to  their  work  and 
conclusions.  They  have  used  the  Swift-Ellis  technic  exclusively.  By  this 
method  an  average  of  0.16  mg.  of  Salvarsan  per  c.c.  of  serum  is  obtained,  though 
variations  are  enormous  and  range  from  0.004  to  0.05.  In  Ogilvie's  technic  from 
0.3  to  0.5  mg.  are  added  directly  to  the  serum  in  zitro  so  that  the  dose  becomes 
definite  and  this  improvement  has  been  recognized  by  Swift  in  his  last  publica- 
tion.^ Besides,  Evans  and  Thorne  did  not  resume  treatment  when  relapses  ap- 
peared. In  summarizing  they  say:  "If  the  treatments  are  given  at  shorter  in- 
tervals one  is  merely  withdrawing  part  of  the  serum  last  injected  as  it  takes 
nearly  two  weeks  for  the  serum  to  be  absorbed  from  the  sub-arachnoid  space." 
Though  moderately  familiar  with  the  literature  of  intraspinous  medication  the 
present  writer  has  never  seen  any  data  on  the  time  of  absorption  and  no  author- 
ity is  quoted  for  the  statement  referred  to.  Their  conclusions  that  the  intra- 
cranial route  is  unnecessary  is  based  on  one  case  only  and  is  therefore  negligible. 

Wardner*  reviews  this  method  from  safer  ground,  advocating  it  on  the  basis 
of  fourteen  cases  treated  by  the  intracranial  method  continuing  a  report  on  six 
cases  of  a  year  ago.  Whenever  possible  relapses  have  been  met  with  renewal  of 
treatment  and  the  treatments  have  totalled  82.  His  results  are  quoted  verbatim : 
"To  sum  up  of  the  fourteen  cases  five  improved  sufficiently  to  go  back  to  their 
work  and,  to  date,  have  remained  well  for  from  seven  to  eleven  months.  At  the 
end  of  eleven  months  one  of  these  cases  had  a  bad  relapse.  He  was  immediately 
brought  back  to  the  hospital  and  he  responded  immediately  to  additional  applica- 
tion of  the  serum.  At  present  he  is  well  mentally  and  physically  and  has  parole 
of  the  grounds.  Three  other  well  developed  cases  have  improved  sufficiently  to  be 
put  on  parole  of  the  grounds  and  are  doing  efficient  work  about  the  hospital. 
Three  others  have  shown  fairly  marked  physical  and  mental  improvement,  but 
cannot  yet  be  trusted  at  large.  Tm^o  have  died."  It  is  worth  noting  that  neither 
died  directly  of  cerebral  syphilis,  one  had  bronchopneumonia  and  one  a  cerebral 
cyst  certified  postmortem  and  apparently  of  earlier  origin  than  the  treatments. 

Such  poor  results  as  are  reported  by  Evans  and  Thorne  are  fortunately  not 
common.  It  is  gratifying,  however,  that  they  have  recognized  the  practical  im- 
portance of  the  experimental  work  of  Gushing,  Weed  and  \\'egefarth.^  In  a 
previous  note^  the  present  writer  called  attention  to  the  fact  that  in  the  contro- 
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versy  over  the  value  of  the  various  topical  methods  of  treating  cerebrospinal 
svphilis  few  seem  to  have  realized  the  point  of  this  research  which  demonstrated 
that,  with  pressures  only  very  slightly  and  surely  not  dangerously  above  normal, 
the  cerebral  subarachnoid  and  perivascular  and  perineuronal  spaces  could  be 
injected  from  the  spinal  canal.  However,  to  reject  the  intracranial  route  on  the 
basis  of  this  and  a  single  personal  experience  is  not  justified  in  the  face  of  the 
excellent  results  reported  especially  by  Wardner. 

The  value  of  laboratory  findings  comes  in  question  again.  Evans  and 
Thorne  contend  that  the  fall  in  the  cell  count  only  parallels  that  produced  by 
simple  lumbar  puncture  and  present  "curves"  comparing  four  treated  with  four 
untreated  cases.  Their  claim  that  the  curves  "correspond  well"  is  scarcely  ten- 
able as  can  readilv  be  shown  for  their  first  two  comparisons  by  the  simple  de- 
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vice  of  superimposing  them  as  in  Figs.  1  and  2.  Besides  in  case  1  while  in  the 
chart  of  the  treated  case  the  intervals  on  the  abcissa  represent  a  definite  period 
(14  days),  in  that  of  the  untreated  case  this  unit  is  made  to  represent  intervals 
varying  as  much  as  eleven  and  twenty-one  days.  If  the  time  factor  is  immaterial 
the  "curves"  represent  nothing — if  material  they  are  highly  inaccurate.  Too 
many  and  too  uncertain  factors  enter  into  the  cell  count  to  plot  it  as  a  simple 
function  of  the  time.  Engineers  and  mathematicians  would  smile  at  a  curve 
such  as  that  of  untreated  case  4  plotted  from  four  observations !  At  best  these 
charts  are  good  graphic  diagrams  but  to  attempt  to  compare  them  as  curves  is 
poor  medicine  and  poor  mathematics. 
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The  Formation  of  Calculi 

PATHOLOGIC  calcification  occurs  most  commonly  in  dead  tissue — in  areas 
which  have  undergone  necrosis.  It  also  occurs  less  frequently  in  apparent- 
ly healthy  tissue.  When  the  latter  happens  there  is  usually  associated  with  it 
some  severe  disease  of  bone.  Between  calcification  as  we  usually  mean  it,  and 
concrement  formation  there  is  no  discoverable  fundamental  difiference.  The 
superficial  difiference  is  that  concrement  formation  takes  place  in  a  fluid  medium, 
i.e.,  a  more  dilute  colloidal  solution  than  the  one  represented  by  that  whicii  forms 
the  basis  of  areas  of  necrosis  or  of  normal  tissue.  In  ossification  (i.e.,  normal 
calcification)  the  fundamental  process  is  again  the  same,  the  only  difference  be- 
ing that  after  calcification  the  process  of  organization  proceeds  in  an  orderly 
fashion  to  produce  normal  bone.  Ossification  occurs  also  under  pathologic  con- 
ditions, and  produces  true  bone  which  however  tends  to  have  a  more  or  less 
disorderly  arrangement.  Abnormal  ossification  occurs  in  such  diseases  as  rickets 
and  congenital  syphilis. 

In  all  these  cases  the  matrix  (whether  fluid  or  solid)  in  which  calcification 
is  to  take  place,  is  saturated  with  lime  salts,  held  in  solution  by  virtue  of  the 
colloidal  condition  of  the  matrix,  and  so  held  because  of  the  fact  that  these  salts, 
chiefly  carbonates,  and  phosphates  of  calcium  (and  urea)  are  more  soluble  in 
colloids  (albumen)  than  in  water.  This  may  be  illustrated  by  taking  a  solution 
of  the  normal  body  salts  in  serum  and  diluting  it  with  water.  The  carbonates 
and  phosphates  of  calcium  are  precipitated.  Variations  in  alkalinity  produce 
similar  results.    For  instance,  if  one  takes 


KCl 

0.40 

CaCU  +  6  H,0 

0.62 

MgCl  +  6  H,0 

0.37 

NaCl 

5.90 

NaHoPO.  +  l  H.,0 

0.236 

NaHCOg 

3.53 

H.O 

1000.0 

one  finds  that  very  soon  a  precipitation  of  calcium  carbonate  and  phosphate  ap- 
pears.^ If,  however,  serum  colloids  are  added  to  the  solution,  no  precipitation 
occurs. 

Also  Pauli  and  Samec  have  shown  that,  especially  in  the  case  of  the  diffi- 
cultly soluble  electrolytes,  the  presence  of  albumen  makes  a  very  considerable 
difference  in  the  salt  content  of  the  fluid,  as  follows: 


Editorials 

In    100 

grams 

Calcium  sulphate 

0.223 

Calcium  phosphate 

0.011 

Calcium  carbonate 

0.004 

Silicic   acid 

0.023 

Uric  acid 

0.(M0 

849 

H,0.  In  100  grams  serum. 

0.226 
0.021 
0.023 
0.030 
0.057 


Bechhold  and  Ziegler-  showed  that  an  electrolyte  from  serum  albumen  solu- 
j  tion  with  an  albumen  content  equal  to  that  of  defibrinated  serum  (7.6  per  cent) 
i  uric  acid  was  much  more  soluble  than  in  water,  while  the  reverse  was  true  of 
!      sodium  urate. 


In  100  grams  serum  albumen. 

In  H,0. 

Uric   acid 

0.02 

0.00645 

Monosodium    urate 

0.055 

0.12—0.15 

They  also  remarked  that  the  slightest  traces  of  sodium  bicarbonate  (in  the 
case  of  uric  acid  and  of  sodium  urate)  influenced  the  solubilities. 

From  the  fact  that  hydrogen  and  hydroxyl-ions  have  a  remarkable  influence 
upon  the  water  content  of  albumen,  it  will  be  realized  that  these  substances  will 
also  have  a  marked  influence  upon  the  amounts  of  salts  held  in  solution  in  such 
fluids  as  serum  and  protoplasm. 

What  happens  in  ossification  or  calcification  may  be  that  these  tissues,  liv- 
ing or  dead,  and  saturated  to  a  greater  or  less  degree  with  serum  and  salts,  are 
changed  sufficiently  in  reaction,  or  in  water  content,  to  bring  about  a  deposition 
of  the  more  difficultly  soluble  salts.  Such  a  process  may  be  facilitated  or  pre- 
vented by  certain  products  of  protein  metabolism.  It  has  been  shown,  for  ex- 
ample, that  the  albumoses  act  almost  exclusively  upon  the  calcium  carbonate  to 
keep  it  in  solution,  while  at  the  same  time  the  phosphate  becomes  less  soluble.^ 

Were  the  composition  of  the  fluids  of  the  body  the  same,  undoubtedly  we 
should  have  but  one  type  of  salt  precipitation  to  deal  with  in  studying  calcifica- 
tion and  concrement  formation.  As  it  is,  the  fluids  vary,  the  common  type  is 
that  of  which  we  have  been  speaking,  but  under  certain  conditions  of  metabolism 
the  urates  of  the  body  fluids  are  increased  in  concentration  and  then,  instead  of 
calcium  salts,  the  deposits  are  composed  of  urates,  which,  like  the  calcium  salts, 
are  more  readily  soluble  in  serum  than  in  water.  In  gout  deposits  urates  are  dis- 
tributed in  various  parts  of  the  body,  and  in  a  condition  called  "calcium  gout." 
described  by  Schmidt,  deposits  of  calcium  produce  an  analogous  picture.  In 
the  fluids  of  the  body,  as  in  the  tissues,  the  type  of  deposit  depends  upon  the  com- 
position of  the  fluid.  In  bile,  cholesterol  and  bile  salt  calculi  occur:  in  tbo  urine. 
uric  acid  and  urate  "stones." 

All  concrements  are  formed  about  a  tiucleus  and  are  held  together  by  some 
organic  material  which  acts  as  a  "binding  substance."  Bacteria,  epithelial  cells, 
mucin,  a  foreign  body,  coagulated  protein,  all  may  act  as  nuclei  about  which  pre- 
cipitation occurs,  and  about  it  the  particles  are  held  together  by  mucin  or  fibrin, 
or  perhaps  other  substances.  In  the  case  of  urine,  it  must  be  remembered  that 
very  little  colloidal  material  is  present,  so  little  that  oftentimes  not  sufficient  exists 
to  bind  together  precipitates.  \Mien  this  is  true  urinary  sand  is  formed  instead 
of  calculi.  Moreover  what  binding  substance  is  present  is  apt  to  be  of  a  re- 
versible nature,   and  therefore   is   inefficient.     In   the  presence  of   inflammation. 
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however,  fibrin,  which  is  irreversible,  is  produced  and  this  forms  an  excellent 
material  for  binding  precipitates.  In  this  connection  it  is  interesting  that  H. 
Schade  in  his  experiments  with  urinary  calculus  formation,  found  that  fibrin 
was  absolutely  necessary.* 

In  the  case  of  gall  stones,  apparently  the  only  necessary  things  to  assist  cal- 
culus formation,  are  fats  or  fatty  acids,  for  a  few  drops  only  of  an  oil  or  fat 
is  all  that  is  necessary  to  produce  a  precipitate  of  cholesterin  from  a  solution. 
The  precipitate  is  first  an  amorphous  mass  similar  to  that  which  Xaunyn  be- 
lieved to  be  the  starting  point  of  calculi.  Following  this  efifect  radial  crystalliza- 
tion occurs  about  the  amorphous  calculi.  The  necessary  fats  can  be  produced 
by  splitting  of  the  fatty  acid  salts  and  cholates  which  are  present  in  bile,  and  this 
splitting  can  be  accomplished  by  B.  colt,  B.  typhosus,  B.  pyocyaneus  or  B.  protcus. 
Staphylococcus  does  not  do  this.  If  it  be  said  that  oversaturation  of  the  bile  is 
necessary  before  precipitation  occurs,  it  may  also  be  said  that  any  reduction  of 
the  normal  alkalinity  of  bile  produces  such  an  efifect,  and  that  growth  of  various 
organisms  may  accomplish  such  a  result.  The  most  important  bacterial  causes 
of  gall  stones  are  bacteria  of  the  colon-typhoid  group  which  act  in  reducing  al- 
kalinity, splitting  the  cholates  and  soaps  of  the  bile,  and  adding  some  fibrin  to 
it.  Accordingly  they  satisfy  all  the  needs  of  the  situation  in  the  production  of 
cholesterin  stones.  But  many  gall  stones  contain  also  bilirubin  and  calcium  in 
large  amounts,  a  combination  which  does  not  occur  normally  in  the  bile.  In 
weak  alkaline  solutions,  calcium  combines  with  bilirubin,  especially  in  the  pres- 
ence of  certain  albumens.  In  catarrhs  of  the  gall  bladder  in  which  the  mucus 
content  is  increased,  the  alkalinity  is  increased  and  accordingly  the  conditions  are 
satisfactory  for  the  production  of  bilirubin— calcium  calculi.  In  the  case  of  cal- 
culi of  mixed  structure,  variations  first  in  the  direction  of  alkalinity  and  then 
toward  acidity  give  the  necessary  conditions. 
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POISONOUS  PROTEINS' 

{Centinued   from  page    643.) 


By  Victor  C.  Vaughan,  M.  D.,  Anx  Arbor^  Mich. 

Part  II. — Vegetable  Proteins 

THANKS  to  the  researches  of  Osborne,  a  number  of  vegetable  proteins  may 
be  obtained  in  a  pure  state  and  in  quantity.  The  work  done  in  my  lab- 
oratory was  upon  some  of  the  seed  proteins,  especially  zein  from  cornmeal 
and  edestin  from  hemp  seed,  which  were  prepared  by  Leach  according  to  the 
methods  of  Osborne.  From  these  proteins  we  split  off  the  protein  poison  by 
the  same  process  employed  in  the  cleavage  of  the  bacterial  proteins.  The 
poisons  obtained  from  zein  and  edestin  showed  no  difference  either  in  response 
to  chemical  tests  or  in  physiological  action  from  those  obtained  from  the  cellular 
substance  of  bacteria.  My  present  purpose  in  bringing  out  these  facts  lies  in 
the  evidence,  which  they  bear  in  support  of  my  contention  that  the  protein  poison 
is  a  group  in  the  protein  molecule  and  that  it  is  present  in  all  true  proteins. 
So  long  as  my  studies  were  confined  to  the  highly  complex  bacterial  pro- 
teins, I  was  not  sure  of  the  correctness  of  this  idea.  With  edestin  we  are 
supposed  to  have  an  unmixed  protein.  It  is  a  single  compound,  of  highly 
complex  structure  it  is  true,  but  not  a  mixture  of  different  molecules.  If  the 
poison  be  detached  from  this  by  chemical  cleavage  it  must  follow  thai  tlu'  ])()is(>n 
consists  of  a  group  which  exists  within  the  larger  body.  The  importance  of  this 
will  be  more  evident  when  I  call  attention  to  the  fact  that  some  years  ago  Pick 
and  Spiro  were  unable  to  obtain  from  edestin  the  substance  which  when  in- 
jected into  animals  retards  the  coagulation  of  the  blood  and  from  this  failure 
they  concluded  tliat  this  body  is  not  a  true  cleavage  product  of  proteins  and 
that  it  is  not  an  intramolecular  constituent  uf  pure  proteins,  lii  fact  they  came 
to  the  conclusion  that  the  coagulation-retarding  substance  is  r.cilher  a  protein 
nor  a  protein  derivative.  The  relation  between  the  protein  poison  and  the  co- 
agulation-retarding substance   will   be   discussed  later.     .\t    this  point   I    simply 

*'i"Iic  Ilerter  T.citurcs  for  1916  given   iti   the  I'nivcrsity  and   Rilleviu-   Medical   School.  New  York. 
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wish  to  emphasize  my  claim  that  the  protein  poison  is  an  intramolecular  con- 
stituent of  proteins  and  tiiat  it  is  obtained  by  the  chemical  cleavage  of  protein 
molecules.  Edestin  being  a  simpler  and  smaller  molecule  than  bacterial  cellular 
substance  is  the  more  suitable  matrix  from  which  the  protein  poison  may  b' 
obtained.  The  yield  is  larger  and  the  by-products  less  in  variety  and  abundanc< 
Edestin  contains  no  carbohydrate  group  while  bacterial  proteins  contain  two 
and  these  gave  us  much  trouble  in  our  earlier  attempts  to  isolate  the  poison. 

ANIMAL    PROTEI.VS. 

We  have  prepared  the  protein  poison  from  a  great  number  und  variety  of 
animal  proteins,  such  as  egg-white,  casein,  serum  albumin,  serum  globulin,  blood 
cells,  muscle,  brain,  liver,  kidney,  etc.  In  fact,  we  have  found  no  true  protein 
which  does  not  yield  the  poison  when  split  up  by  the  method  given — a  two  per 
cent  solution  of  sodium  or  potassium  li}(lr<).\ide  in  absolute  alcohol. 

In  beginning-  this  work  I  expected  to  find  the  simplest  proteins  in  unicellular 
organisms.  As  I  have  already  indicated  this  expectation  has  not  been  realized. 
The  proteins  of  most  simple  structure  I  have  found  in  seeds  and  in  the  casein  of 
milk.  Seeds  contain  the  embryo  accompanied  by  simple  proteins  and  varying 
amounts  of  fat  and  carbohydrate,  abso  proteolytic,  amylolytic  and  lipolytic  fer- 
ments. A\^hen  the  seeds  are  placed  under  proper  conditions  of  temperature  and 
moisture  the  ferments  begin  to  act,  the  storehouses  of  foods  are  split  into  avail- 
able building  blocks  and  growth  begins.  In  milk  the  food  supply  for  the  young 
is  supplied  in  similar  form.  The  carbohydrate  exists  in  the  form  of  milk  sugar. 
The  fat  exists  as  such.  The  protein,  in  the  form  of  casein,  supplies  the  amino 
acids  and  the  mineral  substances  are  found  mostly  in  the  ash.  The  ferments  are 
furnished  by  the  digestive  organs  of  the  young.  Digestion  is  relatively  simple 
and  easy,  absorption  proceeds  quickly  and  growth  follows. 

Bacteria,  although  unicellular  and  simple  morphologically,  are  made  up 
chemically  of  highly  complex  molecules.  There  may  be  unicellular  organisms 
composed  of  simple  proteins  but  this  certainly  is  not  true  of  the  bacteria  which 
I  have  studied.  In  their  chemical  composition  and  structure  these  bacteria  are 
quite  as  complex  as  the  most  highly  developed  cells  in  the  animal  body.  It  fol- 
lows, therefore,  that  when  we  speak  of  bacteria  as  low  and  primitive  forms  of 
life,  we  should  bear  in  mind  that  we  are  speaking  as  morphologists  and  not  as 
chemists.  Many,  probably  all.  of  the  soluble  proteins  in  man's  body  are  chem- 
ically of  much  simpler  structure  than  are  those  of  the  bacterial  cell. 

THE  PROTEOSES. 

Schmidt-Mulheim  in  trying  to  discover  the  fate  of  peptone  in  the  blood  (it 
being  assumed  at  that  time  that  peptones  are  absorbed  as  such  into  the  blood) 
found  that  the  intravenous  injection  of  \\'itte's  peptone,  after  the  removal  of  the 
undigested  proteins  from  this  commercial  preparation,  caused  in  dogs  striking 
physiological  effects.  The  most  notable  among  these  were:  (1)  an  inhibiting 
action  on  the  coagulation  of  the  blood  and  (2)  a  rapid  and  marked  reduction  in 
blood  pressure.  This  work  done  in  Ludwig's  laboratory  was  continued  a  year 
later  by  Fano.  Furthermore,  it  was  shown  that  a  second  injection  of  peptone 
made  shortly  after  recovery  from  the  effects  of  the  first  had  but  little  eft'ect. 
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r  rom  these  observations  it  became  customary  to  speak  of  "peptone  poisonin<i""' 
;ni(l  "peptone  immunity."  Fano  did  not  confine  his  work  to  A\'itte's  peptone, 
1  ut  made  his  own  product  by  the  di.e;estion  of  fibrin  with  pepsin  and  trypsin.  lie 
a  No  used  Grtiber's  preparation  and  one  from  America.  Grosjean  used  propep- 
lone  and  peptone  prepared  by  the  method  of  Kiiline  and  Chittenden  and  found 
■  hat  the  former  had  a  marked  efifect,  especially  when  employed  in  doses  of  more 
than  0.15  g'.  per  kilo.  Arthus  and  Huber  employed  caseoses  prepared  by  pan- 
v  reatic  digestion.  Chittenden,  Mendel  and  Mcl3ermott  and  later  Chittenden. 
Mendel  and  Henderson  produced  highly  poisonous  bodies  by  breaking  up  pro- 
teins with  a  vegetable  ferment  papain,  also  with  superheated  steam  and  dilute 
acid  without  the  aid  of  any  ferment.  Moreover,  they  found  that  all  the  primary, 
digestive  protein  derivatives  have  more  or  less  marked  efifect  upon  blood  coagu- 
lation and  blood  pressure.  Pick  and  Spiro  were  unable  to  obtain  a  poisonous 
derivative  from  pure  proteins,  edestin  and  casein,  and  concluded  that  the  poison- 
ous agent  present  in  mixed  bodies  is  not  a  protein  at  all  but  an  enzyme  for  which 
they  proposed  the  name  peptozyme.  According  to  their  view  this  in  the  pro- 
enzyme stage  is  widely  distributed  in  the  animal  body,  since  they  found  the 
poison  among  the  cleavage  and  digestive  products  of  many  organs.  It  might 
get  mixed  w'ith  the  protein  split  products  in  digestion  with  an  animal  ferment, 
as  pepsin  or  trypsin,  or  it  exists  in  the  tissue  or  protein  which  undergoes  diges- 
tion ;  but  take  a  ])ure  protein  like  edestin  or  casein,  and  split  it  ,with  acid  .and 
no  poisonous  body  results.  They  claim  that  the  poison  never  results  from 
the  hydrolysis  of  proteins  wdth  alkali.  This  is  interesting  in  view  of  the  fact 
that  we  have  found  cleavage  with  dilute  alkali  the  best  way  of  obtaining  the 
protein  poison. 

Underbill  has  shown  the  incorrectness  of  the  claim  of  Pick  and  Si)iro  and 
demonstrated  that  the  proteoses  are  in  and  of  ihcmseKes  poisonous,  when 
administered  intravenously.  He  prepared  the  poison  from  i)ure  proteins  by 
cleavage  wdth  acids  and  showed  that  native  proteoses  found  in  seeds  and 
nuts,  wheat  embryo,  hemp  seed  and  l)razil  nuts,  when  introduced  into  animal 
intravenously  induce  all  the  symptoms  formerly  known  as  those  of  peptone 
poisoning. 

Popielski  has  worked  with  a  bod}-  which  he  extracts  fn»iii  commercial  pej^- 
lone  with  alcohol.  This  "vasodilatin,"  as  he  calls  it.  has  the  same  action  thai 
was  formerly  attributed  to  peptone  and  notwithstanding  its  solubility  in  alcohol 
it  gives  the  protein  color  tests,  at  least  the  biuret  and  the  Millon. 

It  must  be  evident  that  the  behavior  of  my  protein  poison  both  chemically 
and  physiologically,  closely  resembles  that  of  the  proteoses.  Some  ]>roteoses.  at 
least,  are  soluble  in  alcohol,  and  as  has  been  >aid.  Popielski  extracts  his  body  fi-.mi 
commercial  peptones  with  alcohol.  The  protein  poison,  tht)ugh  sohilile  in  abso- 
hite  alcohol,  gives  the  protein  reactions  and  is  a  biuret  lK)dy  ;  some  priHeoses 
behave  in  a  similar  manner.  Edmunds  has  shown  that  the  jjrotein  poison  lowers 
i)lood  pressure  in  dogs,  just  as  the  "peptcMie  poison"  does,  lulmunds  did  not 
lind  that  the  protein  poison  inhibits  the  coagulatitju  of  blood,  but  Ihiderhill  has 
recently  showed  that  it  has  this  etVect,  when  used  in  larger  doses  than  those 
em[)loycd  by  Edmunds.  Underbill  has  recenll}"  compared  the  action  of  the  pro- 
tein poison  with  that  of  the  proteoses  and  finds  that  the  resemblance  is  strong 
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both  in  the  effect  upon  blood  pressure  and  coagulation,  liut  '"Vaughan's  prepara 
tion  differs  from  the  proteoses  in  that  it  produces  marked  symptoms  or  even 
death  in  the  rabbit  in  relatively  small  doses."     The   rabbit  is  mentioned  here 
because  of  its  known  refractoriness  to  proteoses. 

It  seems  to  me  highly  probable  that  the  poisonous  group  in  the  proteoses  is 
ihe  protein  poison  and  that  its  more  powerful  action  is  due  to  the  fact  that  it 
has  been  more  effectually  stripped  of  those  groups  which  tend  to  neutralize  it- 
effects.  It  is  present  in  every  true  protein  and  when  molecular  disruption  pro- 
ceeds up  to  a  certain  point  the  physiological  action  is  increased,  beyond 
that  point  it  is  decreased.  The  protein  poison  kills  dogs,  as  shown  by  Underhill. 
in  doses  in  which  the  proteoses  have  only  a  temporary  effect,  but  the  symptom.^ 
are  the  same.  From  this  I  conclude  that  the  poisonous  group  is  the  same  in  both 
instances,  but  the  free  poison  is  more  effective  than  the  combined.  This  belief 
is  confirmed  by  the  fact  that  the  free  poison  is  easily  split  out  of  the  proteoses 
by  proper  chemical  agents. 

THU  AUTOIvVTlC  CLKAVAGE  01'  PKOTKIXS. 

All  proteins  sooner  or  later  undergo  autolytic  cleavage.  When  a  solution  or 
suspension  of  protein  in  water  or  salt  solution  is  protected  from  bacterial  in- 
vasion by  chloroform  or  toluol  and  kept  at  about  Z7°  the  protein  undergoes 
spontaneous  cleavage.  Salkowski  seems  to  have  been  the  first  to  investigate  this 
phenomenon  scientifically.  This  work  has  been  continued  by  Biondi,  Schwiening, 
Launoy,  Jacobi  and  others.  Most  of  these  have  given  attention  to  cellular  auto- 
lysis, as  this  is  the  most  interesting  phase  of  the  subject,  but  all  proteins,  Avhether 
cellular  or  without  structure,  go  through  a  similar  process.  Fibrin  undergoes 
autolysis  quite  as  promptly  as  liver  cells  do.  It  is  well  known  that  in  multicel- 
lular animals  proteases  are  generally  distributed.  At  first  it  was  assumed  that 
these  consist  of  the  alimentary  ferments  which  have  been  absorbed  and  dis- 
tributed through  the  body.  However,  research  has  shown  that  the  autolytic  fer- 
ments differ  from  either  pepsin  or  trypsin.  In  the  first  place  they  are  possessed 
of  a  degree  of  specificity  not  characteristic  of  the  alimentary  enzymes.  The  fer- 
ment found  in  each  organ  or  each  kind  of  tissue  digests  especially,  more  rapidly 
and  completely,  the  organ  or  tissue  in  which  it  is  found.  The  liver  ferment 
readily  splits  up  liver  tissue  but  is  less  effective  in  its  action  on  the  proteins  of 
other  organs.  In  the  second  place,  the  products  of  autolytic  cleavage  differ  from 
those  of  enteral  digestion.  Pepsin  forms  large  amounts  of  primary  cleavage 
products,  such  as  proteoses  and  peptons.  These,  especially  the  former,  are  highly 
lX)isonous,  and  would  have  a  most  disastrous  effect  were  they  liberated  parenter- 
slly.  The  autolytic  enzymes  produce  none  or  only  traces  of  these  primary  split 
products.  They  cleave  deeper  and  their  chief  products  are  the  relatively  harm- 
less amino  acids  and  purin  bodies.  From  tr>'ptic  digestion  the  autolytic  enzymes 
differ  in  several  particulars.  Trypsin  acts  in  feebly  alkaline  solution  while  auto- 
lysis proceeds  most  rapidly  in  slightly  acid  media.  It  is  more  than  probable  that 
the  intracellular  tissue  is  always  feebly  acid.  Tryptophan,  a  product  of  tr}'ptic 
digestion,  is  seldom  or  never  found  among  the  autolytic  products.  In  autolytic 
cleavage  of  proteins  much  more  ammonia  is  found  than  in  tryptic  digestion, 
furthermore  the  autolytic  enzymes  persist  in  animals  from  which  the  pancreas 
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lias  been  removed.  A\'e  see  from  these  facts  that  protein  tissues  disintegrate 
normally  in  the  animal  body  without  the  formation  of  poisonous  products.  It 
must  be  admitted  that  in  certain  pathological  conditions,  such  as  acute  yellow 
atrophy  of  the  liver  and  in  phosphorus  poisoning,  autolysis  proceeds  with  harm- 
ful rapidity  and  becomes  at  least  a  highly  destructive  process. 

It  has  been  suggested  that  the  autolytic  enzymes  are  constituents  of  the  blood 
and  are  generally  distributed  through  the  body  by  this  fluid.  In  other  words 
it  has  been  held  that  they  are  blood  ferments.  That  this  is  not  true  is  shown 
1  y  the  fact  that  blood  and  blood  serum  have  an  inhibiting  effect  upon  autolvtic 
action.  Besides,  proteins  which  contain  no  blood,  such  as  egg-white,  undergo 
autolytic  cleavage. 

The  study  of  autolytic  cleavage  is  complicated  by  the  presence  in  many  pro- 
teins of  other  ferments  such  as  nucleases,  arginases,  etc.  A\'hat  eifects  the  auto- 
lytic enzymes  have  upon  foreign  proteins  is  a  question  of  importance,  but  one 
which  cannot  be  answered -at  present.  It  will  be  understood  that  I  have  been 
speaking  so  far  of  the  autolytic  enzymes  of  the  cellular  and  other  proteins  of  the 
multicellular  animal.  \\'hen  we  come  to  speak  of  the  autolytic  cleavage  of 
unicellular  organisms,  such  as  bacteria,  we  have  quite  a  different  problem.  That 
bacteria  undergo  autolytic  cleavage  and  that  the  products  formed  in  this  process 
may  be  harmful  to  multicellular  organisms  has  been  abundantly  shown.  Old 
cultures  of  colon  and  typhoid  bacilli  may  contain  soluble  split  products  which  are 
highly  harmful  and  indeed  may  be  fatally  effective  in  their  action  on  the  higher 
animals.  Whether  pathogenic  bacteria  undergo  autolytic  cleavage  in  the  bodies 
of  their  hosts  is  a  question  which,  so  far  as  I  know,  has  not  been  decisivelv 
determined  by  experiment.     The  presumption  is  that  this  may  and  does  happen. 

The  following  experimental  data  concerning  the  autolytic  cleavage  of  bac- 
terial proteins  may  be  of  interest  in  this  connection : 

Rosenow  has  shown  that  pneumococci  suspended  in  salt  solution  and  kept 
at  37°  for  forty-eight  hours,  under  ether  or  over  chloroform,  undergo  autolysis 
with  the  liberation  of  a  poison.  This  poison  injected  intravenously  or  intracard- 
iacly  in  normal  animals  induces  anaphylactic  shock.  In  guinea-pigs  death  results 
from  bronchial  spasm  and  consequent  arrest  of  respiration.  In  dogs  it  causes 
marked  fall  in  blood  pressure  and  delays  the  coagulation  of  the  blood. 

I  took  powdered  pneumococcus  cellular  substance  which  had  been  prepared 
nearly  seven  years  before.  Microscopic  examination  showed  the  pneumococci 
as  clearly  defined  and  in  as  perfect  form  as  in  a  fresh  preparation.  Five  hundred 
milligrams  of  this  powder  was  suspended  in  500  c.c.  of  salt  solution,  10  c.c.  of 
chloroform  added  and  kept  at  37°.  After  twenty-four  hours  10  c.c.  of  the  opal- 
escent supernatant  fluid  was  administered  to  a  guinea-pig  intravenously.  Within 
two  hours  the  animal's  temperature  fell  to  94°,  but  recovery  followed.  The  same 
experiment  repeated  after  48  and  72  hours  killed  the  animal  within  two  hours 
with  the  symptoms  of  subacute  anaphylactic  shock.  A  like  injection  after  six 
days  killed  within  three  minutes  with  all  the  symptoms  and  postmortem  findings 
of  acute  anaphylactic  shock. 

It  has  been  shown  that  the  cholera  bacillus  does  not  undergo  ready  auto- 
lytic cleavage  in  vitro,  but  there  is  reason  for  suspecting  that  this  happens  in 
the  intestine  of  infected  men.  since  after  death  the  bacillus  is  found  onlv  in  the 
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intestinal  canal,  in  some  instances  at  least,  all  the  internal  orj^^ans  heinj,'  sterile. 
Warden  finds  that  the  gonococcus  early  undcrtjoes  autolysis  and  that  th.c 
autolysates  are  fatal  to  o^uinca-pigs.  He  believes  that  the  autolysis  of  this  organ- 
ism is  not  due  to  enzyme,  but  results  from  a  disruption  caused  by  the  absorption 
of  water  by  the  cells. 

PARENTERAL    TROTEIX    DIGESTION.  . 

We  now  di>linguish  between  enteral  and  parenteral  digestion.  We  take 
diverse  proteins  into  our  alimentary  canals  and  through  the  activity  of  the  enteral 
digestive  ferments  they  are  split  into  amino  acids  which  are  utilized  by  the  body 
cells  m  growth  and  in  function.  This  is  the  normal  wav  in  which  the  bodv  cells 
cji  the  higher  animals  are  fed,  for  the  most  part  at  least.  Under  normal  con- 
ditions the  amount  of  protein  reaching  the  blood  and  lymph  undigested  is  small 
and  negligible  in  effect.  Minute  bits  of  unbroken  protein  may  find  their  way 
into  the  circulation  through  the  respiratory  and  dig(;^tive  tracts.  These,  enter- 
ing through  the  respirator}-  organs,  may  cause  local  sensitization  which  manifests 
itself  in  the  complex  of  symptoms  usually  designated  as  hay —  rose —  or  horse- 
fever  and  asthma.  Those  passing  in  undigested  forms  through  the  walls  of  the 
alimentar}-  canal  may  lead  to  the  untoward  effects  of  certain  articles  of  diet  and 
possibly  may  exert  a  more  serious  action  on  some  of  the  more  distant  organs, 
especially  the  kidneys. 

During  fetal  life  all  the  food  enters  the  body  parenterally  and  there  is  no 
enteral  digestion.  There  are  reasons  for  suspecting  that  during  infancy  the 
chief  milk  protein,  casein,  may  be  absorbed  in  part  in  an  unbroken  state.  At 
least  in  a  few  instances  imchanged  casein  has  been  detected  by  the  biological  test 
in  the  blood  of  infants  suffering  from  summer  diarrhea. 

In  my  opinion  there  are  reasons  for  believ  ing  that  in  some  animals  a  certain 
part,  or  certain  kinds,  of  protein  food  are  absorbed  unbroken  and  are  digested 
parenterally.  Rabbits  are  easily  sensitized,  notably  by  casein  fed  by  the  mouth 
or  administered  by  the  rectum.  I  have  detected  the  protein  in  the  heart's  blood 
by  the  biological  test  after  such  feedings.  AX'hile  there  is  a  promising  field  for 
research  along  these  lines,  it  is  safe  to  say  that  in  man  in  health,  the  amount  of 
unbroken,  foreign  protein  reaching  the  circulation  is  small.  Protein  in  appreci- 
able quantities  reaches  the  blood  only  when  injected,  as  in  the  employment  of  sera 
and  vaccines  or  through  infection.  In  the  latter  instance  the  protein  multiplies 
in  the  body. 

It  is  evident  that  one  or  more  of  the  following  effects  may  result  from  the 
l-arenteral  introduction  of  a  foreign  protein:  (1)  It  may  be  eliminated  through 
the  kidneys.  (2)  It  may  be  passed  into  the  alimentary  canal  and  there  digested. 
(3j  It  may  be  digested  parenterally.  All  these  dispositions  may  be  employed 
in  the  disposal  of  the  foreign  protein. 

The  literature  concerning  the  renal  elimination  of  foreign  proteins  is  volu- 
minous, but  often  contradictory.  The  occurrence  and  extent  of  this  form  of  dis- 
posal var}'  with  the  kind  of  protein,  the  quantity,  the  rapidity  of  introduction,  the 
species  and  individuality  of  the  animal  and  probably  upon  many  unknown  con- 
ditions. It  was  formerly  supposed  that  all  the  protein  passing  through  the  kid- 
neys  after    parenteral    introduction    consists    of    that    introduced.      It    has    been 
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il.ehnitely  shown  that  this  is  not  true  and  the  estimates  found  in  the  older  litera- 
uire  showing  the  per  cent  eliminated  by  the  kidney  are  without  value.  Some 
\ears  ago  it  was  shown  in  my  laboratory  that  in  the  urine  of  rabbits  after  the 
I  parenteral  introduction  of  egg-white,  both  egg-white  and  blood  protein  appear. 
I  luinea-pigs  were  sensitized  to  both  with  the  urine.  This  gives  no  indication  of 
ilie  proportion  in  which  they  were  present.'  Tt  has  been  shown  by  Chiray  and 
confirmed  in  my  laboratory  that  foreign  protein  injected  into  the  blood  soon 
disappears  from  the  circulating  fluid  and  carries  with  it  an  appreciable  amount 
I  if  the  proteins  of  the  blood.  So  far  as  I  know  Chiray  is  the  only  one  who  has 
i  nade  frequent  observations  of  the  efl"ects  of  the  parenteral  administration  of  pro- 
teins in  man.  He  frequently  induced  albuminuria  in  this  way,  especially  in  those 
who  already  showed  renal  inefficiency.  In  rabbits  he  induced  marked  structural 
changes  in  the  kidneys  by  repeated  injections. 

In  my  work  on  the  parenteral  introduction  of  proteins.  I  have  carefully 
controlled  the  rate  of  injection  and  have  found  that  the  foreign  protein  is  more 
Ijkely  to  appear  in  the  tn-inc  when  the  rate  of  injection  is  high.  When  the  protein 
is  slowly  introduced,  I  have  been  surprised  at  the  large  amount  that  can  be  in- 
troduced into  the  abdominal  cavity  or  into  an  ear  vein  without  any  detectable 
trace  appearing  in  the  urine. 

When  heterologous  proteins  are  injected  into  the  blood  they  soon  find  their 
way  into  the  intestinal  lumen.  They  are  poured  in  with  the  bile  and  they  pass 
into  the  abdominal  cavity  and  through  the  intestinal  walls.  \\'ith  the  biological 
test  we  have  detected  proteins  injected  into  the  ear  veins  of  rabbits  in  the  liver, 
abdominal  cavity  and  lumen  of  the  intestines.  It  seems  to  be  a  general  phys- 
iological law  that  poisons  introduced  into  the  blood  are  eliminated  in  part  at  least 
into  the  alimentary  canal.  Morphine  given  subcutaneously  may  be  detected  in 
washings  from  the  stomach.  Gastric  erosion  may  be  induced  by  the  subcutaneous 
or  intravenous  administration  of  arsenical  preparations.  .So  long  agn  as  1753 
Sproegel  showed  that  gastric  lesions  may  be  due  to  arsenic  absorbed  from 
v.ounds,  and  since  that  time  they  have  been  induced  in  animals  by  the  hypodermic 
administration  of  neutral  solutions  of  arsenic.  Similar  lesions  are  seen  in  poison- 
ing with  antimony  and  other  metals  and  may  result  in  these  instances  also  from 
application  made  to  wounds  and  to  raw  surfaces.  Mercury  when  employed  b\ 
inunction  is  poured  into  the  alimentary  canal  and  its  destructi\c  action  may  be 
seen  in  almost  any  part  from  the  mouth  to  the  rectum.  Erosions  of  the  stomach 
and  intestine  may  be  extensive  and  deep,  c\en  to  perforation.  The  fact  that 
gastric  and  duodenal  ulcers  may  follow  severe  burns  of  the  skin  iias  been  king 
known  and  is  best  exj)lained  b\'  svijiposino-  (hem  due  to  the  large  amount  ot 
poison  resulting  from  the  Imni,  being  brought  to  the  walls  ot'  the  alimentary 
canal.  The  gastric  inflammations  and  erosions  of  the  acute  infectious  diseases  are 
doubtlessly  {\uc  to  the  same  cause.  The  sni.illiKix  \irus  has  a  predilection  for 
epithelial  tissties  and  manifests  its  de<lructi\e  action  in  tlu'  skin  ;uid  in  luucous 
membranes.  It  has  long  been  known  that  peptic  ulcer  is  frequently  associated 
with  chronic  appendicitis  and  the  icceiit  brilliant  work  of  Kosenow  has  called 
attention  to  the  ])robable  relation  between  ]ieptic  ulcer  and  pyorriiea.  in  ca>e 
of  a  nidus  of  intection  in  anv  part  ol  the  body  [)oisonous  proteins  are  being- 
poured  into  the  circulation  and  tiiesr  like  other  poisons  are  carried  to  the  walks 
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of  the  intestine  for  the  evident  purpose  of  elimination.  Here  they  accumulate 
and  in  their  reaction  with  the  body  cells,  the  latter  arc  more  or  less  injured. 
The  elimination  of  proteins  from  the  blood  into  the  alimentary  canal  holds  for 
both  living  and  dead,  formed  and  unformed  proteins.  This  is  an  interesting 
phase  in  the  study  of  the  action  of  poisonous  proteins  and  is  worthy  of  further 

study. 

It  has  been  long  known  that  blood  serum,  like  living  celU,  is  iiighly  resistant 
to  proteolytic  enzymes.  Furthermore  the  presence  of  blood  serum  markedly 
retards  Ijoth  peptic  and  panci-eatic  digestion.  It  has  been  generally  inferred  from 
these  facts  that  blood  serum  contains  an  antiproteolytic  ferment  and  since  the 
reaction  is  alkaline,  this  is  generally  designated  as  antitrypsin.  So  far  as  I  know, 
Camus  and  Gley  were  the  first  to  show  experimentally  that  blood  serum  inhibit- 
peptic  and  tryptic  action.  These  investigators  observed  that  fibrin  or  coagulated 
egg-white  placed  in  serum  and  treated  with  active  pepsin  or  trypsin  remains  in- 
tact. More  extended  observations  have  shown  that  many,  if  not  all,  kinds  of 
proteolytic  digestion,  are  retarded,  often  wholly  arrested,  by  the  presence  of 
blood  serum.  There  is  another  interesting  fact  in  this  connection.  The  injec- 
tion of  proteolytic  ferments  into  an  animal,  especially  repeated  injections,  in- 
crease the  potency  of  the  blood-serum  in  the  inhibition  of  the  action  of  that  fer- 
ment. Antibodies  are  formed  and  accumulate  in  the  blood  after  repeated  injec- 
tions of  pepsin,  trypsin,  rennin,  etc.  The  effect  of  such  injections  is  simliar, 
probably  closely  related,  to  that  which  follows  injections  of  toxins.  But  little  is 
known  concerning  these  antibodies  in  case  of  either  the  fennents  or  the  toxins. 

Delezenne  and  Pozerski  first  showed  that  chloroform  removes  from  blood 
'■erum  the  antiproteolytic  body.  They  found  that  blood  serum  has  no  digestive 
action  on  gelatin  under  ordinary  conditions,  but  that  blood  serum  which  has 
been  extracted  with  chloroform  promptly  digests  gelatin.  The  researches  of 
Jobling  and  others  have  confirmed  and  amplified  this  work  and  it  has  been 
shown  that  when  the  unsaturated  fatty  acids  are  removed  from  bloom  serum 
by  extraction  with  chloroform  or  ether,  it  becomes  highly  poisonous  even  for  the 
species  from  which  it  was  derived.  Whether  Jobling  is  right  in  his  contention 
that  the  fatty  acids  constitute  the  antibody  is  still  to  be  determined.  It  is  possible 
that  the  extraction  of  blood  serum  with  chloroform  may  have  some  effect  upon 
the  equilibrium  in  its  protein  constituents. 

Friedberger  found  that  the  blood  serum  of  the  guinea-pig  when  incubated 
with  bacterial  cell  substance  becomes  poisonous.  He  explained  this  on  the  as- 
sumption that  the  proteases  of  the  serum  digest  the  bacterial  cells  with  the  forma- 
tion of  a  poison  which  he  calls  anaphylatoxin.  Later  it  was  shown  that  the 
guinea-pigs  serum  when  incubated  with  agar  or  starch  becomes  poisonous. 
From  these  findings  it  was  suspected  that  bacillary  substance,  agar  and  starch, 
act  upon  guinea-pigs  by  absorption  of  the  antibodies.  In  this  way  the  proteases 
ni  the  serum  are  relieved  of  the  presence  of  their  antibodies  and  digest  the  pro- 
teins in  the  serum.  In  other  words,  the  matrix  of  the  poison  consists  of  the  pro- 
teins in  the  serum  and  not  of  the  bacillary  cell  substance. 

Abderhalden  found  that  when  placental  tissue  is  digested  with  the  serum 
of  pregnant  women  dififusible  digestive  products  are  formed  and  may  be  detected 
in  the  dififusate  by  the  biuret  and  ninhydrin  tests.     He  explained  this  by  sup- 


Vegetable  Proteins  859 

i:)Osing  that  placental  tissue  in  small  amount  finds  its  way  into  the  maternal  blood, 
and  that  this  fluid  acquires  the  property  of  digesting  placental  proteins.  Abder- 
halden  believes  this  to  be  a  specific  reaction  and  has  proposed  it  as  a  diagnostic 
test  for  pregnancy.  This  test  has  been  studied  by  many  and  while  its  signifi- 
cance cannot  be  considered  as  finally  settled  the  weight  of  evidence  seems  to  be 
that  Abderhalden's  explanation  is  not  correct.  It  seems  from  the  evidence  now 
at  hand  that  the  placental  tissue  absorbs  the  antiferments  and  the  unopposed 
protease  of  the  serum  digests  the  protein  constituents  of  this  fluid. 

The  weight  of  evidence  today  discards  the  idea  of  specific  proteases  in  blood 
>;erum  and  favors  the  idea  that  certain  antibodies  exist  in  the  serum  and  when 
these  are  reduced  in  amount,  the  non-specific  protease  of  the  blood  serum  acts 
upon  its  own  protein  constituents.  It  must  be  admitted  that  this  view  is  more 
in  accordance  with  some  of  the  facts  than  the  one  which  holds  that  specific 
proteases  are  existent  in  the  blood  or  may  be  brought  into  existence.  However, 
it  should  be  stated  that  the  present  view  does  not  exclude  the  necessity  of  re- 
garding protein  digestion  in  the  blood  as,  in  some  instances  at  least,  specific. 
Take  the  production  of  anaphylactic  shock  as  an  example.  The  theor)^  proposed 
by  Wheeler  and  me  in  1907  supposes  that  when  a  given  protein  is  first  injected 
parenterally  into  an  animal,  it  slowly  develops  a  specific  protease.  This  is  a 
cellular  product.  Certain  cells  stimulated  by  contact  and  by  penetration  with 
the  foreign  protein  develop  a  new,  specific  protease  which  is  capable  of  digest- 
ing that  protein  and  no  other.  The  protein  of  the  first  injection  is  disposed  of 
by  this  new  specific  ferment,  but  is  broken  up  so  slowly  that  no  harm  comes  to 
the  animal,  or  at  least  no  recognizable  danger,  from  the  cleavage  products.  The 
cells  continue  in  the  possession  of  the  newly  acquired  function.  This  may  per- 
sist for  years  and  indeed  throughout  life.  The  animal  is  said  to  be  sensitized. 
On  reinjection  of  the  same  protein  the  body  cells,  having  acquired  the  function 
of  digesting  it,  do  so  with  such  violence  that  the  digestive  products  endanger  the 
life  of  the  animal  or  at  least  develop  physiological  disturbances  which  are  easily 
recognizable.  We  have  offered  this  in  explanation  of  the  success  of  vaccination. 
The  vaccine  virus  is  introduced  into  the  child's  ann.  The  proteins  of  which  the 
virus  is  composed  are  distributed  in  the  body  and  sensitize  certain  cells.  This 
means  that  the  cells  develop  a  ferment  which  destroys  the  vaccine  virus  and  the 
new  function  developed  in  these  cells  by  their  first  experience  with  the  smallpox 
protein  in  its  attenuated  form  continues  in  the  possession  of  the  cells  for  years. 
When  tiie  vaccinated  person  is  exposed  to  smallpox  the  virus  of  the  disease  is 
destroyed  before  it  has  time  to  multiply  and  consequently  the  individual  is  pro- 
tected from  the  disease.  Please  understand  that  I  am  not  ready  to  give  up  the 
theory  of  the  formation  of  specific  proteases.  I  see  no  other  explanation  of  the 
immunity  conferred  by  vaccination  or  by  one  attack  of  the  disease.  However,  in 
presenting  this  matter  I  wish  to  proceed  without  being  influenced  by  preconceived 
ideas,  and  I  wish  to  repeat  that  the  idea  of  a  non-specific  protein  digestion  in 
anaphylactic  shock  especially  has  much  in  its  favor,  both  in  fact  and  in  theory. 
The  poison  developed  in  anaphylactic  shock  may  not  come  from  the  protein  of 
the  reinjection  and  the  protease  developed  in  sensitization  ma\  not  be  specific. 
Anaphylactic  shock  may  be  due  wholly  to  the  unmasking  of  a  non-specific  fer- 
ment and  the  poison  formed  may  come  from  the  proteins  of  the  blood,  but  if  all 
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this  be  true,  and  the  wci^^lit  of  evidence  today  is  in  this  direction,  the  anaphylactic 
reaction  remains  specific.  We  have  only  transferred  the  problem  of  specificity 
from  the  development  of  a  specific  enzyme  to  the  specific  uncovering  of  a  non- 
specific enzyme,  it  remains  true  that  an  animal  sensitized  to  one  protein  i>  \v>i 
sensitized  to  other  and  unlike  proteins. 

I  have  said  that  the  theory  of  the  uncovering  of  a  general  ])rotcase  in 
anaphylactic  shock  has  much  in  its  favor.  The  blood  seems  to  be  a  fluid  in  which 
ferments  and  antiferments  are  nicely  and  delicately  balanced  and  a  .slight  dis- 
turbance in  this  equilibrium  leads  to  marked  efTect.  We  have  obtained  from  one 
s^ram  of  casein  enough  of  the  i)rotein  poison  to  kill  SOO  guinea-pigs  when  in- 
jected intravenously.  That  casein,  the  chief  protein  constituent  of  the  food  of 
all  mammalian  young,  should  be  found  to  contain  a  body  so  highly  poisonous 
when  introduced  intravenously  is  certainly  a  surprising  thing.  However,  the 
surprise  does  not  disappear  when  we  go  further  and  find  that  a  similar  poi.son 
may  be  obtained  not  only  from  all  the  proteins  we  eat  but  also  from  those  that 
make  up  the  tissue  of  our  own  bodies.  Indeed,  every  gram  of  protein  in  an 
animal's  body  may  supply  enough  poison  to  kill  many  such  animals.  There  are 
other  interesting  things  about  this  protein  poison  besides  its  potency.  When 
amounts  of  it,  even  smaller  than  the  minimum  lethal  dose,  are  incubated  with 
blood  serum  in  vitro,  the  .serum,  in  itself  inert,  becomes  fatally  poisonous.  In 
these  studies  a  curious  phenomenon  has  been  observed.  The  incubating  serum 
containing  the  poison  may  be  fatally  active  at  the  expiration  of  a  given  time, 
then  later  whollv  without  efi'ect.  and  later  still  fatally  active.  This  wave  of 
appearing,  disappearing,  reappearing  toxicity  we  have  frequently  observed.  For 
it  I  have  not  even  the  shadow  of  an  explanation.  It  may  turn  out  after  all  that 
ferments  and  antiferments  are  not  concerned  in  these  phenomena.  I  have  tried 
to  think  of  oscillations  induced  in  a  colloidal  fluid  like  the  blood  serum  by  the 
presence  of  the  protein  poison,  but  I  have  not  been  able  to  fix  such  a  concept. 

As  was  first  shown  by  Friedberger  bacterial  cellular  substance  incubated 
with  blood  serum  in  vitro  renders  the  serum  poisonous.  In  repeating  these  ex- 
periments and  injecting  the  serum  at  intervals,  at  one  time  it  kills  with  all  the 
violence  of  anaphylactic  shock,  then  it  has  no  effect,  then  again  it  kills.  I  have 
tried  to  time  this  wave  of  toxicity,  but  adjust  every  condition  to  the  best  of  my 
ability,  I  have  been  unable  to  chart  it.  It  is  to  be  hoped  that  some  wiser  man 
whh  more  perfect  control  of  the  conditions  of  his  experiments  will  solve  this 
question.  I  am  willing  to  \ea\e  it  to  those  braver  than  I  to  try  on  human  beings 
such  poisonous  mixtures  of  bacterial  proteins  as  phylacogen. 

I  have  stated  that  I  am  not  yet  ready  to  give  up  the  idea  that  the  parenteral 
mtroduction  of  foreign  proteins  produces  specific  alterations  in  the  blood.  I 
cannot  do  so  so  long  as  I  have  the  evidence  supplied  by  the  specificity  of  agglu- 
tmation  and  precipitin  reactions.  We  may  have  no  proof  that  these  are  due  to 
the  development  of  specific  proteases,  but  whatever  their  action  it  is  within  cer- 
tain limits  .specific.  Some  years  ago  with  my  assistants  I  published  the  results 
of  work  which  I  interpreted  as  demonstrating  the  elaboration  of  specific  pro- 
teases in  sensitized  animals.  The  results  were  all  so  clean  cut  and  uniform  that 
they  were  convincing  to  me  at  least.  [  will  give  a  brief  abstract :  (1)  One  mg. 
of  egg-white  incubated  at  37°  ,  for  thirty  minutes  in  5c. c.  of  the  serum  or  organ 
extract  of  unsensitized  guinea-pigs  is  without  effect  when  injected  into  the  heart 
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of  another  unsensitized  guinea-pig.  (2)  Like  results  followed  when  the  incuba- 
tion was  made  with  fluids  obtained  from  an  animal  sensitized  three  days  pre- 
viously with  eg-g-white.  (3)  A\'hen  the  fluids  were  obtained  from  animals  sensi- 
tized fourteen  days  previously  to  egg-white  anaphylactic  shock  followed  in  ali. 
(4)  With  the  conditions  as  in  (3)  except  that  the  incubation  was  prolonged  to 
ninety  minutes  the  efl:'ects  were  less  marked.  (5)  With  the  conditions  the  same 
fs  in  (3)  except  that  the  incubation  was  done  in  a  cold  room  the  effects  were 
nil.  (6)  ^^l^en  the  fluids  were  obtained  from  an  animal  seventeen  days  after 
>en>itization  anaphylactic  shock  resulted.  (7)  Filtration  of  the  fluids  through 
iiard  fiber  paper  did  not  affect  the  results.  (8)  Filtration  of  the  serum  and 
organ  extract  through  a  Berkefeld  V  did  not  affect  the  results.  (9)  Filtration 
ifter  incubation  did  not  aff'ect  the  results.  (10)  A\'hen  the  serum  and  organ  ex- 
iracts  were  heated  to  56°  for  thirty  minutes  there  were  no  effects.  (11)  When 
the  heated  serum  and  organ  extract  were  activated  by  the  addition  of  unheated 
serum  and  extracts  the  eft'ects  were  positive.  (12)  When  the  serum  and  organ 
extracts  of  a  guinea-pig  sensitized  to  egg-white  were  incubated  with  horse  serum 
there  were  no  effects.  (13)  The  serum  and  organ  extracts  of  guinea-pigs  sensi- 
tized to  horse  serum  elaborated  a  poison  when  incubated  with  horse  scrum. 
\14)  The  serum  and  organ  extracts  of  guinea-pigs  sensitized  to  typhoid  bacilli 
gave  a  poison  when  incubated  with  typhoid  bacilli.  (15)  Like  results  were  ob- 
tained with  the  cholera  bacillus.  (16)  In  case  of  egg-white  the  serum  ceases  to 
be  active  in  about  forty  days  after  sensitization.  (17)  A\'hen  the  amount  of  por- 
tein  incubated  with  the  serum  and  organ  extracts  was  larger  than  1  mg.  per 
5  c.c.  the  results  were  less  certain. 

If  there  was  not  more  luck  than  science  in  these  experiments  they  clearly 
show  specificity.  I  now  know  that  there  would  be  a  chance  of  getting  some 
positive  results  with  a  non-specific  serum,  but  it  seems  impossible  for  these 
resvdts  to  have  been  so  uniform  on  any  other  ground  than  that  of  specificity. 
Resides,  they  compare  with  the  results  obtained  by  Pfeiffer  who  found  that  the 
sera  of  guinea-pigs  digested,  for  about  forty  da}s  after  sensitization,  the  protein 
to  which  the  animal  had  been  sensitized. 

Abderhalden  and  his  students  in  numerous  experiments  ha\e  shown  by  ihe 
polariscope  that  the  blood  serum  of  a  sensitized  animal  has  a  more  marked 
digestive  action  on  the  specific  anaphylactogen  than  has  the  scrum  of  a  non- 
sensitized  animal.  Similar  results  have  been  obtained  by  dialysis  methods  by 
Pfeiffer  and  Mita,  by  Pfeiffer  and  Jarisch  and  by  Ztm/  and  Gyorg}-.  The  last 
mentioned  have  apparently  shown  a  marked  increase  in  amino-acids  during 
anaphylactic  shock.     This  controverts  the  finding  of  Auer  and  \  an  Slyke. 

I  have  repeatedly  found,  as  others  have,  that  the  blood  serum  shows  sensi- 
tization for  relatively  a  short  time,  w'hile  the  animal  remains  in  a  sensitized  con- 
dition much  longer.  This  ol)ser\ation  has  convinced  me  that  protein  sensitization 
is  accompanied  by  and  is  due,  in  sonic  instances  at  least,  to  a  profound  and  last- 
ing impression  made  on  the  cells  of  the  body.  Indeed,  there  cm  he  no  doubt 
that  protein  sensitization  is  cellular.  Pearce  and  Ei.scnbrey  bled  a  sensitized 
■dog  into  a  fresh  one  antl  at  the  same  timc^  replaced  the  blood  taken  from  the  sen- 
sitized one  by  that  of  a  second  fresh  one.  The  sensitized  dog  from  which  all  its 
blood  had  been  removed  responded  with  anaphylactic  shock  on  reinjection.  while 
the  dog  now  carrying  all  llie  blood  of  the  sensitized  one  did  not. 

('/'<)    be    coiitiiiiicd.) 


THE  PERIPHERAL  ACTION  OF  OPIUM  ALKALOIDS  WITH  SPECIAI 

REFERENCE  TO  THE  BLADDER* 


By  D.  E.  Jackson,  Ph.D.,  M.D.,  St.  Louis. 


IN  an  article^  published  in  1914  I  have  shown  that  a  considerable  number  of 
the  alkaloids  of  opium  when  injected  intravenously  in  large  doses  into  spinal 
dogs  cause  a  profound  and  exceedingly  persistent  broncho-constriction.  In  the 
present  article  I  wish  to  discuss  a  series  of  results  which  I  have  recently  obtained 
in  dogs  on  another  organ,  viz.,  the  bladder. 

There  are  two  series  of  opium  alkaloids,  the  first  including  morphine  (and 
its  derivatives,  such  as  dionine,  heroine,  peronine),  codeine,  thebaine.  etc.,  and 
the  second  including  narcotine,  papaverine,  narceine,  laudanine,  and  a  consider- 
able number  of  others.  The  members  of  the  first  group  are  derived  from 
phenanthrene  (Ci^Hjo),  while  those  of  the  second  group  are  derivatives  of 
isoquinoline.  Altogether  there  are  some  twenty-five  separate  alkaloids  present 
in  crude  opium. 

In  the  present  experiments  I  have  dealt  mainly  with  alkaloids  of  the  first 
group  (phenanthrene),  but  by  comparing  the  present  results  with  those  formerly 
obtained  I  have  been  able  to  draw  certain  inferences  regarding  the  action  of  the 
second  group. 

METHODS. 

Generally  spinal  dogs  have  been  used  in  these  experiments,  but  in  some 
cases  animals  with  the  central  nervous  system  entirely  intact  have  been  used  as 
controls.  The  animals  were  always  etherized  and  arranged  for  blood-pressure, 
bladder  and  (usually)  lung  tracings.  To  secure  the  bladder  tracings  an  incision 
was  made  in  the  abdomen  over  the  bladder  which  was  drawn  up  a  little  and  an 
opening  was  made  in  the  fundus.  Into  this  opening  a  small  tube  was  tied,  the 
upper  end  of  the  tube  being  connected  by  a  short  piece  of  rubber  tubing  to  the 
lower  end  of  the  opening  of  a  glass  mercury  bulb  (250  c.c).  A  perforated  cork, 
through  which  passed  a  glass  tube,  was  placed  in  the  neck  of  the  mercury  bulb. 
The  glass  tube  was  connected  by  rubber  tubing  to  a  large  bowled  recording 
tambour  which  wrote  on  a  smoked  drum.  If  on  opening  the  abdomen  the  bladder 
was  found  to  be  distended,  care  was  used  to  avoid  its  being  emptied  while  the 
recording  apparatus  was  being  attached.  A  bladder  which  is  thus  allowed  to 
become  emptied  out  during  manipulations  sometimes  passes  into  a  state  of  con- 
traction which  is  difficult  to  overcome.  Urination  was  prevented  by  clamping 
the  penis  or  vulva  with  a  hemostat.  When  all  adjustments  for  recording  were 
made  then  the  mercury  bulb  was  partly  filled  with  warm  salt  solution  and  the 
cork  was  inserted.  The  record  was  thus  obtained  by  both  liquid  and  air  trans- 
mission. The  abdomen  was  carefully  closed  with  hemostats  and  arrangements 
were  made  for  recording  the  lung  changes. 

The  lung  records  were  usually  made  by  means  of  a  special  piece  of  appa- 
ratus which  I  described-  in  detail  some  years  ago,  and  which  when  fitted  into  the 
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thorax  through  a  median  incision  in  the  sternum  holds  the  chest  wall  rigidly 
distended  and  practically  air  tight.  Respiration  is  then  carried  on  by  intermit- 
tently aspirating  air  out  of  the  chest  cavity.  A  small  adjustable  by-pass  permits 
more  air  to  enter  the  chest  between  aspirations.  But  when  the  air  is  thus  forci- 
bly sucked  out  of  the  chest  air  will  enter  the  lungs  through  the  trachea  and  thus 
inspiration  occurs.  In  the  intervals  between  aspirations  the  lungs  collapse  from 
their  own  elasticity  and  thus  expiration  is  effected.  A  large  bowled  recording 
tambour  is  attached  to  the  side  tube  of  the  tracheal  cannula.  This  gives  a  measure 
of  the  amount  of  air  entering  (down  stroke)  the  lungs  in  inspiration  or  leaving 
(up  stroke)  in  expiration.  Contraction  of  the  bronchioles  decreases  the  amount 
of  air  passing  into  and  out  of  the  lungs  and  thus  the  amplitude  of  the  record 
on  the  drum  is  decreased.  Dilation  of  the  bronchioles  increases  the  amplitude 
(height)   of  the  tracing. 

Blood  pressure  was  recorded  with  a  mercury  manometer  from  the  right 
carotid  artery.  Usually  the  brain  and  cord  down  to  the  thoracic  region  was  de- 
stroyed in  pithing  and  in  a  few  instances  for  a  special  purpose  the  cord  was 
destroyed  throughout  its  entire  length.  Injections  were  made  through  the 
femorals  or  external  jugular  veins. 

In  a  few  preliminary  class  experiments  I  discovered  that  certain  members 
of  the  series  of  opium  alkaloids  might  produce  marked  contraction  of  the  blad- 
der. I  have  therefore  in  these  experiments  extended  these  early  observations 
and  attempted  to  get  some  insight  into  the  extent  and  origin  of  these  reactions. 

The  literature  on  opium  extends  back  to  the  time  of  Theophrastus, 
Scribonius  Largus  and  Dioscorides  and  is  so  exceedingly  extensive  that  one  can 
scarcely  hope  to  see  more  than  a  relatively  small  number  of  the  published 
articles.  There  are  numerous  references  to  the  marked  increase  of  intestinal 
peristalsis^  which  morphine,  etc.,  may  produce  in  some  animals  such  as  the  dog. 
In  man  constipation  is  the  rule.  I  have  not,  however,  found  any  significant 
references  bearing  on  the  observations  which  I  have  made  in  the  present  experi- 
ments. In  some  excellent  papers  published  in  1915,  Lieb  and  AIcW  horter.* 
Barbour  and  Copenhaver,^  and  Barbour°  alone  have  discussed  the  action  of 
morphine  on  the  gall  bladder  (excised),  and  on  the  uterus  (excised  and  in 
situ).  These  observers  all  noted  that  under  some  conditions  morphine  might 
produce  either  a  feeble  contraction  or  a  slight  increase  in  tonus  of  gall  bladder 
and  of  uterine  muscle.  In  some  experiments,  however,  relaxation  or  a  decrease 
of  tone  was  seen. 

Fig.  1  shows  the  result  of  injecting  25  milligrams  of  morphine  into  a  6.5 
kilo  dog.  The  bronchioles  contract  vigorously  and  the  l)ladder  contracts  (up 
stroke)  to  a  less  degree.  This  is  a  relative  matter,  however,  and  the  extent  of 
contraction  of  the  bladder  varies  with  different  animals  and  with  the  condition 
(amount  of  distension)  present  when  the  drug  is  injected.  While  morphine 
here  causes  only  a  small  contraction  of  the  bladder,  in  other  exi)erimcnts  ex- 
tensive contraction  may  be  seen.  This  holds  good  fur  all  of  the  phenanthrcnc 
derivatives  which  1  have  examined.  Injection  of  1  2  c.c.  of  adrenaline 
(1-10,000)  causes  a  dilation  of  the  bronchioles  but  produces  scarcely  any  change 
in  the  bladder.     In  this  experiment  the  bladder  was  probably  almost  empty  at 
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the  time  of  injection  of  the  morphine,  and  in  a  rather  strong^  tonus.     This  d<><^ 
had  been  etherized  and  pithed,  but  had  not  received  any  other  medication. 

Fig.  2  was  obtained  by  injecting  2S  milhgrams  of  codeine  througli  the 
femoral  vein.  Both  bladder  and  bronchioles  contract  vigorously  and  synchro- 
nously. Evidently  these  contractions  are  strictly  analogous  and  the  rate  and 
period  of  relaxation  in  general  correspond  fairly  closely,  sometimes  one  and 
sometimes  the  other  gaining  the  upper  hand.  Injection  of  "epinine"  (1/2  c.c. 
1  c.c.  2  c.c.)  causes  only  a  slight  change  (dilatation)  in  the  lungs  and  prob- 
ablv  has  but  little  effect  on  the  bladder.  The  blood  pressure  does  not  rise 
much,  chiefly  because  of  the  asphyxia  from  the  broncho-constriction. 


Fig.    1. — For   description,    see   text. 


Fig.  3  shows  the  action  of  30  milligrams  of  thebaine  on  an  18  kilo  dog. 
The  bladder  contraction  is  very  marked  and  injection  of  adrenaline  (1  c.c.  of 
1-10,000)  causes  dilation  of  the  bronchioles,  but  in  the  case  of  the  bladder  a 
second  contraction  is  produced.  This  action  of  adrenaline  is  variable,  the  rec- 
ord sometimes  showing  a  contraction  and  at  others  a  dilation  of  the  bladder. 
Apparently  this  depends  partly  on  the  condition  and  amount  of  distension 
present  in  the  organ  when  the  adrenaline  is  injected.  If  the  bladder  is  almost 
empty  and  in  tonus,  then  a  slight  dilation  is  usually  but  not  always  produced. 
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while  if  the  organ  is  distended,  then  adrenahne  as  a  rule  will  cause  some  con- 
traction. But  the  results,  while  sometimes  rather  striking,  are  very  variable. 
This  perhaps  depends  on  the  innervation  of  the  organ  partly,  but  probably 
slight  disturbances  "in  the  bladder  circulation,  and  the  amount  of  any  previously 
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injected  drug  which  mav  still  remain  in  ihe  tissues  of  the  bladder,  have  some- 
thing- to  do  with  it.  The  action  of  tiie  adrenaline  here  should  be  compared 
with  that  shown  in  Vv^.  4,  in  whicli  25  milligrams  of  heroine  were  injected  intc» 
an   (different  animal)    IS  kilo  dog.     This  caused   a  marked  bla.bK-r    (and  l>ron- 
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Fig.   3. 


chiole)  contraction.  Three  injections  of  adrenaline  are  shown  following  this. 
In  each  case  these  apparently  caused  some  dilation  of  the  bladder  (t4ie  first 
dilation  being  shown  at  the  top  of  the  initial  contraction  curve). 

A  new  point  may  now  be  taken  up.     In  Fig.  4  it  will  be  seen  that  the  first 
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Fig.  4. 

injection  (5  cc.  =  25  mg.)  of  heroine  caused  a  marked  contraction  of  Ixith 
bladder  and  bronchioles.  This  was  followed  by  three  injections  (1  cc.  eacli) 
of  adrenaline.  Following  the  dilatation  of  each  of  these,  further  injections  of 
heroine  were  given.  Fig.  5  shows  the  results  of  the  second,  third  and  fourth  of 
these  injections.  In  these  injections  7  cc.  (35  mg.\  10  cc  (50  nig.)  and  5  cc 
(25  mg.)  of  heroine  were  given.     The  7  cc  injection  being  considerably  larger 
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than  the  initial  5  c.c.  dose  we  would  expect  to  get  a  correspondingly  larger 
bladder  and  bronchiole  contraction.  And  this  result  might  be  expected  to  be 
even  more  marked  with  the  10  c.c.  injection.  On  the  contrary  these  very  large 
doses  produce  practically  no  effect  whatever  on  the  bladder  and  only  a  verv 
moderate  slow  contraction  of  the  bronchioles.  The  effect  on  the  heart  C blood 
pressure)    is  also  correspondingly   very  much   less   than  that   produced   bv   the 
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Fig.    .^. — Made    directly    after    Fig.    4. 

mitial  smaller  dose.  These  results  appear  to  be  perfectly  constant  for  all  of  the 
phenanthrene  derivatives  and  possibly  for  a  few  of  the  other  series,  especiall}- 
narcotine.  It  is  also  found  that  this  failure  of  the  bronchioles  and  bladder  to 
respond  well  to  a  second  injection  of  the  drug  holds  good  in  the  case  of  the 
bronchioles  for  any  other  member  of  the  opium  alkaloids,  i.e.,  in  the  case  here 
given  m  which  the  f^rst  contraction  was  due  to  heroine,  then  a  second  injection 
of  n-orphine.  or  thebaine,  or.  perpnine.   etc..   willnot   cause  a   second   contrac- 
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tion,  proi'ided  the  initial  contraction  ^cas  maximal.     If  the  first  contraction  \vas 
small   (dose  submaximal)  then  the  injection  of  a  second  much  larger  dose  may 
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i^Mve  a  small  contraction.  But  even  in  this  case  a  third  injection  yA  any  >i/.ed 
dose  very  generally  .gives  no  contraction  of  either  bladder  or  bronchioles.  I 
observed   this  point  long  ago  and  mentioned   it   in   the  previous   paper  on   the 
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bronchioles.  I  was  not  so  much  impressed  with  its  significance  then  as  I  liave 
become  since.  One  might  suppose  that  this  was  due  to  a  complete  depression  or 
paralysis  of  the  bladder.  I  have  not  been  able  by  pharmacological  means,  how- 
ever, to  detect  any  other  change  whatever  in  the  bladder.  For  Fig.  5  shows  not 
only  three  injections  of  heroine  (110  mgs.),  which  had  practically  no  effect  in 


Fig.   7. 

comparison  with  the  first  dose,  but  it  shows  also  a  contraction  from  adrenaline 
which  might  very  well  have  been  produced  had  no  drugs  been  previously  in- 
jected. As  a  further  check  on  the  condition  of  the  bladder  in  this  experiment 
Fig.  6  (made  directly  after  Fig.  5)  shows  the  result  produced  by  injecting 
1/2  c.c.  of  lobeline  solution.  A  profound  contraction  of  the  bladder  is  produced 
just  as  soon  as  the  drug  is  carried  to  the  organ. 


(The  circulation  is  somewhat 
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slow  for  the  blood  pressure  is  low.)  This  shows  that  not  only  the  muscula- 
ture, but  even  the  innervation  of  the  bladder  was  practically  normal  so  far  as 
one  can  tell  from  the  lobeline  reaction.  A  second  injection  of  1/2  c.c.  of 
lobeline  produces  no  results  at  all,  showing  that  complete  ganglionic  paralysis 
followed  the  stimulation  produced  by  the  first  dose  of  the  drug.     I  should  em- 
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phasize  in  passing  that  not  only  the  brain   but   also  the  cninc  spinal  cord   w,is 

destroyed  in  this  animal.  ^  .     ^.      , 

The  question  naturally  arises  as  to  where  these  drugs  act.  vSuice  m  V\g.  b 
a  marked  contraction  of  both  bladder  and  brotichioles  was  obtained  in  a  dog 
with  the  entire  central  nervous  system  destroyed,  one  must  next  proceed  to  ex- 
amine the  peripheral  structures.     Fig.  7  shows  the  results  obtained  m  an  expert- 
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ment  in  which  in  a  pithed  doo-  12  c.c.  of  lobehne  was  first  injected.  This  gave 
a  marked  reaction  both  of  tlu-  hhuldcr  and  of  the  l)lo<)d  i)ressure.  As  soon  as 
both  of  these  returned  to  normal  another  12  c.c.  of  lobehne  was  injected.  This 
produced  no  effect  whatever,  showing  that  the  ganglia  on  the  sympathetic 
(autonomic  t  nerves  were  all  i)aralyzed.  Following  this  0  c.c.  (30  mg. )  of 
codeine  hydrochlorate  were  injected.  A  prompt  contraction  of  the  bladder  and 
a  small  shrinkage  in  the  air  volume  followed.  vShortly  after  this  2  c.c.  of 
"epinine"  were  given.  This  caused  a  rise  in  blood-pressure  and  a  faint  contrac- 
tion of  the  bladder.  A  little  later  12  c.c.  (twice  the  former  dose)  of  codeine 
were  given  and  a  small  contraction  of  both  bladder  and  bronchioles  was  i>ro- 
duced.  In  this  case  the  initial  contraction  from  codeine  was  not  maximal.  Con- 
sequently, a  second  (double)  dose  gave  about  one-half  as  marked  an  effect  on 
the  bladder.  (The  lungs  were  contracted  more  than  (jne  would  e.xpect.  but  the 
initial  contraction  of  these  was  .small.)  This  was  followed  by  injections  of 
"epinine"  to  dilate  the  bronchioles.  Directly  after  Fig.  7  was  produced  a  large 
dose  (20  c.c.)  of  codeine  was  given  (Fig.  8)  and  no  effect  whatever  was  ob- 
tained on  either  bladder  or  bronchioles.  Evidently  the  first  two  injections 
caused  a  complete  loss  of  sensibility  of  both  bladder  and  bronchioles  to  codeine. 
One  would  suspect  this  might  be  due  to  a  depression  or  paralysis  of  the  motor 
nerve  (sacral  autonomic)  endings  in  the  bladder  or  of  those  in  the  bronchial 
muscles.  If  codeine  should  first  stimulate  and  then  paralyze  these  endings,  the 
above  records  might  very  well  be  explained.  This  action,  however,  does  not 
occur,  for  in  Fig.  8,  directly  after  the  20  c.c.  of  codeine,  15  milligrams  of 
muscarine  were  injected  and  a  prompt  contraction  of  both  bladder  and  bron- 
chioles followed.  Muscarine  stimulates  the  endings  of  the  constrictor  nerves 
in  the  bladder  and  bronchioles  and  hence  these  could  not  have  been  paralyzed 
by  the  codeine.  Death  resulted  from  asphyxia  due  to  contraction  of  the  bron- 
chioles, for  the  3  c.c.  of  "epinine"  given  were  not  sufficient  to  cause  a  bron- 
chiole dilation.  The  animal  could  easily  have  been  saved  by  forcibly  dilating  the 
bronchioles  (by  increasing  the  force  of  aspiration  from  the  chest). 

Another  item  of  some  interest  should  be  noted  in  Figs.  7  and  8.  In  the 
first  of  these  6  c.c.  of  codeine  produced  a  considerable  fall  in  blood  pressure 
and  probably  some  slowing  of  the  heart.  After  this  effect  had  mainly  passed 
,  off,  however,  the  20  c.c.  given  in  Fig.  8  caused  only  a  slight  rise  from  the  in- 
crease of  intravascular  volume  of  fluid  and  practically  no  fall  in  pressure  at  all. 
Thus  the  vascular  system  as  well  as  the  bladder  and  bronchioles  has  lost  its 
sensitivity  to  the  codeine.  This  is  a  regular  occurrence  although  it  is  not  so 
striking  as  is  the  loss  of  action  on  the  bladder  or  bronchioles. 

In  Fig.  9  is  shown  a  tracing  obtained  from  a  spinal  dog  which  had  re- 
ceived in  small  repeated  doses  intravenously  25  c.c.  of  a  saturated  solution  of 
curare  (Kahlbaum's).  Here  injection  of  5  c.c.  (25  mg.)  of  heroine  caused 
only  a  small  contraction  of  the  bladder  and  no  effect  at  all  on  the  lungs.  The 
blood  pressure,  however,  fell  about  as  usual.  Following  this  1/4  c.c.  of  ad- 
renaline (1-10,(X)0)  was  given.  The  effect  of  this  can  be  seen  on  both  the  blad- 
der and  the  blood-pressure.  A  little  later  1/2  c.c.  (1/2  mg.)  of  arecoline  was 
mjected  and  caused  a  fairly  marked  contraction  of  both  bladder  and  bronchi- 
oles  (by  stimulating  the  constrictor  nerve  endings  in  these  organs).     The  pur- 
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pose  of  this  injection  was  to  control  the  conditions  of  the  experiment  and  of  the 
animal,  i.e.,  to  determine  if  the  apparatus  and  tissues  are  all  responding  in  a 
normal  manner.  A  later  injection  of  1/2  c.c.  of  adrenaline  was  given  to  re- 
store the  animal. 

From  this   experiment  one  would  be   inclined   to   suspect  that   curare  has 
some  counteracting  influence  to  the  action  of  the  heroine.     While  the  contrac- 
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lion  is  not  large,  it  still   i>  prcsenl.   however,  and  the  curare  has  certainly   not 
completely  paralyzed  the  structures  on  which  the  heroine  acts. 

Fig.  10  shows  a  modification  of  this  experiment  in  wliicli  a  pithed  curar- 
ized  dog  in  which  a  complete  ganglionic  paralysis  had  heen  produced  by  lol)cline. 
received  an  injection  of  5  c.c.  (23  mg.)  of  heroine.  .\  fairly  marked  contrac- 
tion of  both  bladder  and  bronchioles  is  produced.  A  later  injection  ot  1  2  c.c. 
of  adrenaline  dilated  the  bronchioles  but  contracte.l  the  bladder.     Tin-,  dog  had 


874 


The  Journal  of  Laboratory  and  Clinical  Medicine 


received  intravenously  18><  c.c.  of  curare  solution  in  small  repeated  doses. 
While  curare  cannot  prevent  heroine  from  causing  a  contraction  of  the  bladder, 
still  my  impression  is  that  the  curare  in  lars:e  doses,  may  very  materially  reduce 
the  effects  of  heroine.  I  believe  this  will  hold  for  other  drugs  of  the  series  also, 
but  I  have  not  tried  these  out. 
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Fig.   10. 


Fig,  11  shows  in  a  spinal  dog,  which  had  received  3  milligrams  of  atropine, 
the  effect  of  injecting  1/4  c.c.  of  lobeline  solution.  A  marked  contraction  of  the 
bladder  and  arterioles  (rise  in  blood-pressure)  follow^ed.  A  second  injection 
of  1/4  c.c.  of  lobeline  produces  about  half  as  much  effect  and  is  followed  by 
ganglionic  paralysis  as  is   shown  by  a  later  injection  of    1/4   c.c.   of  lobeline. 
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which  produces  no  effect  at  all  on  the  bladder  and  circulation.     Following  this, 
5  c.c.  (25  mg.)  of  heroine  were  injected  and  a  prompt  contraction  of  both  blad- 
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der  and  bronchioles  followed.  This  shows  that  lobclinc  and  atropine  (3  ing.^_ 
were  not  sufficient  to  prevent  the  action  of  the  heroine.  A  later  miectton  ot 
"epinine"  was  given  to  revive  the  animal   (by  dilating  tbc  l)roncliioles). 
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Fig.   12. 


Fig.  12  was  obtained  from  a  9  kilo  dog  after  10  milligrams  of  atropine  (in 
small  repeated  doses)  had  been  administered  intravenously.  A  well  marked 
contraction  of  the  bladder  occurs  when  6  c.c.   (30  mg.)  of  heroine  is  injected. 
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This  animal  was  not  pithed  and  was  under  the  influence  of  ether.  This,  un- 
doubtedly indicates  that  these  opium  alkaloids  act  directly  on  the  muscle  fibers 
of  the  bladder.  A  little  later  3/4  c.c.  of  adrenaline  was  injected  which  caused 
only  a  slightly  increased  rate  of  relaxation  of  the  bladder.  The  respiration 
ceased  and  at  the  point  indicated  artificial  respiration  was  begun.  A  second 
injection  of  8  c.c.  of  heroine  gave  a  small  bladder  contraction  which  persisted 
throughout  the  rest  of  the  tracing.  After  some  time  12  c.c.  of  heroine  (twice 
the  initial  dose)  were  injected.  This  brought  on  a  few  moderate  strychnine- 
like convulsions  but  caused  no  contraction  of  the  bladder.  The  two  small 
rises  in  the  bladder  record  were  caused  by  these  convulsions.  Thev  were 
carefully  observed  in  order  to  be  certain  that  the  bladder  records  as  obtained 
in  the  whole  series  of  experiments  were  not  due  to  compression  of  the  blad- 
der from  contraction  of  the  abdominal  muscles.  There  is  no  resemblance  be- 
tween the  convulsion  records  and  those  obtained  when  no  convulsive  tremors 
whatever  were  produced  as  is  very  generally  the  case  especially  with  the  first 
injection.  The  curare  experiment  and  those  with  both  brain  and  cord  de- 
stroyed also  further  rule  out  any  confusion  between  the  records  obtained  and 
those  which  might  be  produced  by  convulsions. 

SUMMARY. 

The  experiments  herein  described  prove  that  those  opium  alkaloids  which 
belong  to  the  phenanthrene  series,  i.e..  morphine,  codeine,  thebaine.  heroine, 
dionine,  peronine.  etc.,  in  large  intravenous  doses  cause  in  dogs  a  profound 
contraction  of  the  bladder.  I  have  previously  shown  that  a  similar  contraction 
of  the  bronchioles  is  produced  by  these  drugs.  Probably  a  few  of  the 
isoquinoline  opium  alkaloids,  including  narcotine,  may  also  cause  a  similar  ac- 
tion. I  have  failed  in  a  few  experiments  to  obtain  this  contraction  with  some 
other  ones  of  these  alkaloids  notably  papaverine,  cryptopine  and  cotarnine. 

Apparently  the  contractions  of  the  bladder  and  of  the  bronchioles  pro- 
duced by  these  drugs  are  strictly  analogous  and  in  all  probability  of  identical 
origin.  The  contractions  in  both  organs  occur  simultaneously,  are  usually  of 
approximately  the  same  proportions,  last  for  corresponding  periods  of  time, 
and  when  the  initial  contraction  is  maximal  then  later  injections  of  any  sized 
doses  of  either  the  initial  drug  or  of  any  other  of  the  series  will  not  produce 
any   further  contraction  whatever  of  either  bladder  or  bronchioles. 

If  the  initial  contraction  was  not  maximal  then  much  larger  doses  of  the 
initial  drug  or  of  another  of  the  (phenanthrene)  series  may,  in  ninc/i  larger 
dose,  cause  a  second  contraction,  but  even  by  proceeding  bv  degrees  in  this 
manner,  a  third  contraction  is  almost  never  obtained.  \\  hen  the  bladder  and 
bronchioles  have  thus  lost  their  susceplii»ility  to  the  action  of  these  opium  de- 
rivatives they  are  still  idund  to  possess  practically  normal  sensitivity  to  all 
drugs  which  usually  act  on  them  including  lobeline.  nicotine,  pilocarpine, 
arecoline.  muscarine,  atropine,  barium,  xanadium.  adrenahne,  etc.  IVevious 
destruction  of  the  brain  and  spinal  cord  or  injection  of  lobeline  or  atropine  or 
both  does  not  prevent  or  probably  even  specifically  decrease  the  extent  of  the 
reaction   to   heroine,   codeine,    morphine,   etc.      Possibly     curare     in     very     large 
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doses  may  weaken  the  response  of  the  Madder  and  Ijroncliioles  to  these  opium 
bodies. 

These  reactions  closely  resemble  those  produced  by  druj^^s  which  first  stim- 
ulate and  secondarily  paralyze  nervous  structures  such,  for  example,  as  the 
action  of  lobeline  on  ganglia.  T.ut  so  far  as  I  have  been  able  to  determine  by 
pharmacological  means  no  paralysis  of  either  nervous  or  muscular  structures 
is  produced  by  these  alkaloids.  Ordinarily  we  would  be  inclined  to  attribute 
this  action  of  the  opium  bodies  to  a  direct  action  on  the  muscle  fibers,  since  it 
occurs  after  atropine  (and  curare).  But  since  a  bladder  which  has  become 
completely  immune  to  further  injections  of  these  opium  bodies  may  give,  so 
far  as  I  have  been  able  to  determine,  a  perfectly  normal  response,  i.e..  a  pro- 
found contraction,  to  ordinary  doses  of  barium,  vanadium,  pilocarpine,  musca- 
rine, or  even  lobeline,  I  am  unable  to  see  why  the  loss  of  response  to  the  opium 
alkaloids  should  be  attributed  to  muscular   rather  than  to   nervous  origin. 

Throughout  the  course  of  these  experiments  I  have  been  much  impressed 
with  the  similarity  which  a  number  of  the  reactions  produced  by  these  alkaloids 
bear  to  certain  phenomena  produced  in  anaphylactic  shock.  For  in  some  an- 
imals, such  as  the  guinea  pig,  death  is  produced  in  this  condition  by  bronchial 
spasm  which  is  in  all  probability  very  similar  indeed  to  that  produced  by  these 
alkaloids.  And  Dale'  has  shown  that  in  the  excised  uterus  of  a  sensitized 
guinea  pig  reactions  to  the  sensitizing  serum,  or  (in  some  instances)  to  "other 
protein  solutions,  may  be  obtained  which  bear  a  striking  similarity  to  the  im- 
munity to  later  doses  which  a  bladder  acquires  by  one  initial  maximal  response 
to  one  of  these  opium  alkaloids. 

In  consideration  of  the  expensive  use  of  morphine  for  experimental  pur- 
poses it  is  interesting  to  note  these  \evy  marked  reactions  in  dogs  to  the  drug. 
Especially  is  this  true  for  the  tolerance  or  loss  of  susceptibility  to  the  action 
of  the  drug.  For  while  in  many  of  these  experiments  large  doses  have  often 
been  used,  still  the  striking,  initial,  maximal  contraction  which  caused  a  loss 
of  response  to  the  drug  was  usually  obtained  with  about  25  or  30  milligrams 
(/^  grain).  This  dose  is  very  frequently  equaled  or  exceeded  in  narcotizing 
dogs  for  experimental  purposes.  What  effects  these  profound  reactions  may 
have  on  the  experimental  conditions,  or  on  the  reactions  to  a  larger  series  of 
drugs  than  I  have  used,  remains  to  be  seen.  In  consideration  of  the  great  tol- 
erance which  the  chronic  opium  user  may  attain  for  these  bodies,  especially 
morphme,  the  reactions  here  described  acquire  a  special  clinical  interest.  Myers^ 
has  recently  shown  that  in  normal  intact  dogs  a  cross-tolerance  for  certain 
opmm  alkaloids  (phenanthrene  series)  may  exist  between  closely  related  drugs 
but  that  this  tolerance  in  intact  dogs  is  evidenced  only  on  those  functions  on 
which  the  drugs  have  a  common  selective  action. 

In  conclusion,  and  for  the  benefit  of  others  who  may  sometime  care  to  re- 
peat some  of  these  experiments,  I  want  to  especially  emphasize  a  point  which 
I  have  observed  in  a  few  rare  instances.  This  consists  in  a  complete  failure 
to  obtain  any  contraction  of  either  the  bladder  or  the  bronchioles  or  both.  Usu- 
ally I  have  been  inclined  to  attribute  this  to  impure  or  deteriorated  drugs  or  to 
poor  technic.  but  the  possibility  that  in  those  animals  the  peripheral  structures, 


Antidotes  in  Mercuric  Chloride  Poisoning  879 

such  as  the  bladder  or  bronchioles,  may  have  possessed  a  special  resistance  to  the 
action  these  drugs  (independently  of  the  central  nervous  action)  may  be  worth 
considerinef. 
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ANTIDOTES  IN  MERCURIC  CHLORIDE  POISONING.-AN  EXPERI- 
MENTAL STUDY* 


By  Be;rnard  Fantus,  M.D.,  Chicago,  III. 


1 


"'HE  wave  of  mercuric  chloride  poisoning,  through  which  we  passed  during 
the  last  few  years,  has  been  followed  by  a  wave  of  suggestions  for  new 
antidotes  to  corrosive  mercuric  chloride.  It  was  for  the  purpose  of  testing  the 
antidotal  efficiency  of  these,  as  compared  with  that  of  albumen,  that  this  re- 
search was  undertaken. 

The  great  uncertainty  of  interpretation  of  clinical  results,  coupled  with  the 
necessity  of  determining  what  antidote  offers  the  patient  the  best  chances  for 
recovery,  renders  experimental  work  on  this  question  actually  imperative.  The 
fir.st  requisite  to  such  study  is  a  reliable  method;  to  the  devising  of  which,  for 
the  purpose  in  hand,  my  first  efforts  were  directed. 

Because  of  the  closer  relationship  of  gastrointestinal  functions  of  the  dog 
to  those  of  man,  than  is  found  in  other  laboratory  animals,  dogs  were  first  used 
in  an  attempt  to  find  a  surely  lethal  dose  for  this  animal.  In  this  attempt  I 
failed.  For  dogs  vomit  so  easily  and  mercuric  chloride  is  so  irritating  to  the 
stomach,  that  it  is  next  to  impossible  to  obtain  uniform  results,  even  if  care  is 
taken  to  secure  an  empty  stomach  by  withholding  food;  and  even  if  the  tendency 
to  vomiting  has  been  lessened  b\-  iireliiiiiiiary  administration  of  morphine,  and 
the  ])oison  is  administered  after  the  nu)ri)hine  cmesis  has  taken  place. 

More  uniform  results  were  obtained  with  the  rabbit,  which  animal  was. 
for  this  reason,  chosen  in  this  investigation.  This  animal's  inability  to  vomit 
insures  retention  of  the  dose,  'i'he  disadvantages  of  using  the  rabbit  are  that, 
in  the  first  place,  the  stomach  of  the  rabbit  is  never  empty.  It  recjuircs  pro- 
longed starvation  before  emptiness  of  the  stomach  can  be  secured.  The  lesions 
in  the  stomach  are,  therefore,  generally  less  severe  than  they  would  have  been 
had  the  stomach  been  emjity.  The  bowel  of  the  rabbit  is  exceedingly  slow  in 
emptying  itself.  To  determine  how  long  it  takes,  in  the  rabbit,  before  ingested 
material  has  left  the  alimentary  tract  comiiletely,  a  normal   rabbit   was  given  4 

*Froni  the  DcpaitinciU  of  I'harniacology  anil  Therapeutics,  College  of  Medicine,  University  of  Illinois. 
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gm.  of  wood  charcoal.  The  black  color  did  not  appear  until  the  second  day,  and 
persisted  for  eleven  days.  This  is  probably  five  times  lons:cr  than  in  the  human. 
In  view  of  this  slow  evacuation  of  invested  material,  it  is  probal)ly  fair  to  assume 
tliat,  if  in  our  experiments  a  rabbit  lived  considerably  longer  than  the  usual 
lethal  period,  an  antidotal  efTect  had  been  obtained ;  an  effect  that  might  have 
been  life-saving  in  an  animal  with  more  rapid  evacuati(jn  of  the  bowel,  e.g.,  man. 
It  was  first  of  all  necessary  to  determine  a  uniformly  lethal  dose  of  mer- 
curic chloride  for  tlie  rabbit,  which  was  done  in'  means  of  experiments, 
the  summary  of  which  is  shown  in  Table  1. 


Table  1 

Determination   of    Lethal    Uose   of    Mercukic    Chlouide   on    Sto-mach    Tube 

Administration  to   Rabbits 


Dose  per  Kg. 

Number  of  Experiments 

Lived 

0.01 
0.02 
0.03 
0.04 
0.05 
0.06 

1 
1 

1 
9 
1 
5 

30  days 
4  days 
7  days 

3  days  average 
2  days 
l^/o  days  average 

Showing  that  all  these  doses  are  lethal;  the  larger  the  dose,  the  prompter  the  death. 

In  all  of  these  experiments,  the  mercuric  chloride  was  administered  in  one 
per  cent  solution,  by  means  of  the  stomach  tube,  to  rabbits  that  had  not  been 
starved.  It  will  be  seen  that  the  main  difiference  between  the  effects  of  these 
various  doses,  is  in  the  lethal  period,  i.e.,  the  length  of  time  that  elapses  before 
death  takes  place.  Choosing  0.04  gm.  per  kg.  as  the  smallest  dose  that  was  fol- 
lowed by  a  reasonably  short  lethal  period,  I  performed  a  sufficient  number  of 
experiments  (nine)  to  enable  me  to  feel  confident  that  it  was  a  certainly  fatal 
dose,  and  that  the  corresponding  lethal  period  is  not  subject  to  great  variation. 
The  lethal  periods  in  our  experiments  with  0.04  gm.  per  kg.  were  as  follows : 
2,  2,  2,  3,  3,  3,  3,  3,  and  5  days :  a  variation  certainly  sufficiently  small. 

Necropsy  was  performed  on  all  these  animals,  and  it  may  be  of  interest  to 
note  that  the  animal  which  lived  5  days,  and  one  of  the  three  day  animals,  had 
only  slight  lesions  in  the  stomach ;  all  others  showing  marked  or  extensive  cor- 
rosion. The  two  typical  and  constant  lesions  that  were  easily  found  on  necropsy 
were:  first,  a  necrosis  of  the  tips  of  the  folds  in  the  cecum;  and,  secondly, 
changes  in  the  kidney,  which  in  rabbits  dying  within  3  days  was  usually  a 
swelling  and  softening  of  the  organ ;  its  normal  striations,  especially  those  of 
the  cortex,  being  obscure  or  entirely  obliterated.  In  animals  living  a  little  longer, 
we  often  found  a  very  marked  abnormal  striation  in  the  cortex,  yellowish  white 
and  reddish-brown  streaks  alternating  with  each  other.  Microscopic  examina- 
tion of  such  specimens  showed  extensive  degeneration,  especially  of  fatty  type 
in  streaks,  separated  from  each  other  by  areas  showing  mainly  congestion  and 
exudation.  Occasionally,  though  rarely,  a  kidney  would  be  obtained  that  had  an 
almost  uniform  yellowish  color,  a  specimen  in  which  fatty  degeneration  had  be- 
come general.  Albumin,  casts,  and  frequently  red  blood  corpuscles  were  found 
m  the  urine  of  all  the  poisoned  animals,  in  which  urinary  examination  was  made. 

The  effects  of  dilution  were  next  obtained,   for.  in  giving  the  antidote,  it 
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is  frequently  necessary  to  introduce  it  with  a  considerable  amount  of  water. 
The  results  of  the  experiments  to  determine  this  factor  are  given  in  Table  2, 
from  which  it  will  be  seen  that  dilution  up  to  1 : 1,000  had  no  marked  effect  upon 
the  lethal  period,  which  was,  for  the  seven  observations,  an  average  of  three 
days,  the  same  as  obtained  in  the  nine  rabbits  that  were  given  the  poison  in  one 
per  cent  solution.  The  main  effect  of  dilution  is  to  lessen  the  local  lesions  in  the 
stomach,  which  in  the  animals  that  had  received  the  poison  in  1  :1.000  solution 
were  rather  slight.  In  our  subsequent  work,  an  attempt  was  made  not  to  ex- 
ceed a  dilution  of  1  .T,000. 

To  determine  the  value  of  an  antidote,  the  first  step  I  took  was  to  administer 
it  mixed  with  the  poison.  Obviously  if  the  resulting  mixture  was  found  to  be 
quite  as  toxic  as  the  poison  given  alone,  it  was  unnecessary  to  go  further  in  the 
study  of  that  substance.  If,  on  the  other  hand,  it  was  found  that  animals  sur- 
vived the  fatal  period  by  a  considerable  time,  then  the  antidote  was  administered 
immediately  after  the  poison  had  been  injected  into  the  stomach.  If  the  sub- 
stance proved  of  marked  antidotal  value  when  given  immediately  after  the  ad- 


Table  2 

Influence  of  Dilution  upon  Effect  of  Lethal  Dose 

Lethal  Dose  of  0  04  gm.  per  Kg.  of  Mercuric  Chloride  administered  with  varying 
quantities  of  water. 


Weight 

HgCL 

Water 

%  of  Sol. 

Died  in 

Necropsy  Lesions 

Rabbit 

Local 

General 

20 

910 

0 .  036 

3.6 

1% 

3  days 

Marked 

Marked 

21 

905 

0.036 

3.6 

1% 

2     " 

a 

22 

900 

0,036 

7.2 

'A  7c 

2     " 

t( 

23 

1140 

0.046 

9.2 

V2% 

3     " 

ft 

24 

1225 

0.049 

19.6 

H% 

3     " 

i( 

25 

1500 

0.060 

60.0 

Vio% 

5     " 

Slight 

26 

1355 

0.054 

54.0 

'/io% 

3     " 

t  f 

This   table   shows   that   dilution   has   no   marked   effect   upon   the   lethal    period.    If 
dilution  is  considerable  (1:1000)  it  lessens  the  severity  of  the  local  lesions. 

ministration  of  the  poison,  then  it  was  given  5.  10  and  15  minutes  afterward,  to 
see  whether  it  is  likely  to  be  of  u.so  under  the  conditions  prevailing  in  j^ractice. 
The  chief  item  to  be  noted  in  tlie  estimation  of  results,  is  the  period  of  survival 
of  the  animal  after  the  poison  was  given.  Tliis  is  given  in  number  of  days, 
though  the  figure  100  was  not  exceeded.  In  mlicr  words,  whenever  an  animal 
is  reported  to  have  lived  100  days,  it  means  that  it  has  survived  that  period ;  and 
it  seems  that  such  animal  may  be  considered  to  have  recovered.  Some  of  tliese 
lived  much  longer.  Some  of  those  that  lived  over  100  days  died  Liter  from 
inter-current  diseases,  e.g..  rabl)it  [)neuni()iiia.  Thoui^h  a  tew  ot  those  that  died 
after  100  days  showed  tlie  lesions  of  chronic  nephritis  on  necropsy,  it  seems 
fair  to  conclude  that  in  \  iew  of  the  sluggishness  of  the  rabbit's  bowel,  and  the 
consequent  prolonged  retention  of  the  poison  in  the  system,  if  the  kidney  was 
damaged  to  so  slight  a  degree  as  to  ])erniil  the  animal  to  live  for  three  months. 
or  even  half  tliat  period,  a  really  marked  and  \aluable  antidotal  effect  has  been 
obtained,  one  that  would  have  been  pmhahly  life-saving  in  tlie  human,  and 
which  might,  therefore,  properly  be  scored  as  a  recovery. 
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AIvBUMIN. 

As  is  well  known,  albumin  is  the  standard  antidote  for  mercury.  Hence, 
we  may  begin  the  report  with  the  results  obtained  with  that  substance,  or  rather 
that  group  of  substances,  for  under  this  name  are  included  a  large  number  of 
different  bodies. 

After  preliminary  test  tube  experiments,  to  determine  the  amount  of  al- 
buminous fluid  necessary  to  remove  practically  all  free  mercury  ions  from  the 
solution,  such  amount  was  administered  mixed  with  the  poison.  Having  shown, 
for  instance,  that  1,000  times  as  much  milk  would  practically  remove  one  part  of 
mercuric  chloride  from  the  solution,  that  amount  was  given  mixed  with  the 
poison  with  the  result  shown  in  Table  3.  The  animals  lived  no  longer  than  they 
would  have  lived,  if  water  had  been  used  as  diluent.     The  chief  difiFerence  was 

T.\BLE    8 

Lethal  Dose  ok   Merc  i  rr-   Chloride   Mixed   with    (\v)    Milk 


Weight 

Mercuric 
Chloride 

w 

w 
w 
w 

Milk 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

G6 
G7 
G8 
G9 

1900 

1270 

1210 

761 

0.076 
0.051 
0.048 
0.030 

76.00 

51.00 
48.00 
30.00 

4  days 
3     " 

2  " 

3  " 

0 
0 
0 

Slight 

Marked 

<< 

<< 

This  table  shows  that  milk  is  of  no  antidotal  value  in  Mercuric  Chloride  poisor.ing. 
Animals  lived  an  average  of  3  days  after  the  poisoning,  which  is  the  average  lethal  period, 
when  no  antidote  is  used. 

that  there  were  practically  no  local  lesions,  i.e.,  lesions  in  the  stomach,  on 
necropsy.  Milk  is  therefore,  text-books  to  the  contrary  notwithstanding,  of  no 
antidotal  value  in  mercuric  chloride  poisoning  in  rabbits.  It  emphasizes,  on  the 
other  hand,  the  value  of  milk  in  the  oral  administration  of  mercuric  chloride  for 
medicinal  purposes,  as  milk  minimizes  the  effects  of  mercuric  chloride  upon  the 
stomach,  without  interfering  with  its  systemic  action. 

Table  4  shows  the  results  obtained  when  a  10  per  cent  solution  of  Merk's 
serum  albumin  was  used  as  antidote.    It  will  be  noted  that  the  results  correspond, 


T.\BLE    4 

Lethal  Dose  of  Mercuric  Chloride  mixed  with  (w)  Serum  Albumin  (Merck) 


Weight 

Mercuric 
Chloride 

Serum 
Albumin 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

Gl 
G2 
G3 

G4 

1000 
1958 
1559 
1319 

0.067 
0.078 
0.062 
0.053 

w 
w 
w 
w 

6.70 
7.00 
3.10 
4.00 

3  days 

4  " 
9     " 

5  " 

0 
0 
0 

Slight 

Marked 

i  i 

Slight 
Marked 

This  table  shows  that  Serum  Albumin  is  of  but  little  value  as  a  general  antidote  to 
mercuric  chloride:  animals  living  an  average  of  5.25  days  after  the  poisoning. 

on  the  whole,  with  those  obtained  with  milk,  excepting  that  the  average  lethal 
period  was  a  little  longer,  5^4  days.  This  was  mainly  due  to  the  fact  that  the 
animal  receiving  the  smallest  amount  of  antidotal  solution  (0  3.  50  times)  lived 
the  longest,  while  the  animal  that  received  the  largest  quantity  (G  1,  100  times), 
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had  the  shortest  lethal  period.  This  suggests  that  the  warning  against  giving  an 
excess  of  albumin  in  this  condition,  may  be  well  founded.  Still,  the  results  did 
not  seem  sufficiently  promising  to  pursue  this  question  any  further  for  the 
present. 

Turning  now  to  the  use  of  egg  albumen  as  antidote  (Table  5),  we  find  that 
the  majority  of  the  animals  survived,  when  the  albumen  was  given  mixed  with 
the  poison.  This  simply  means  that  mercuric  Qgg  albuminate  is  much  less  toxic 
than  are  the  other  albuminates  studied.  Next,  egg  albumen  was  administered 
immediately  after  the  poison  was  given,  and  without  removing  the  stomach  tube. 
The  result  is  shown  in  the  second  part  of  Table  5.  The  average  fatal  period 
was  19.2  days,  due  chiefly  to  the  survival  of  one  animal.  That  an  antidotal  ef- 
fect had  been  obtained  in  this  case  can  hardly  be  postulated,  it  might  be  an  ac- 
cidental result.     Taking  the  next  step,  and  administering  the  antidote  5,  10,  15 


Table  5 
Mercuric   Chloride  and   Egg   Albumen 
Lethal  Dose  of  Mercuric  Chloride  mixed  with  (w)  Egg  Albumen. 


Weight 

Mercuric 
Chloride 

Egg 
Albumen 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

G  5 
GIO 
Gil 
G12 
G13 

1775 
1871 
1235 
1648 
1117 

0.071 
0.075 
0.050 
0.066 
0.045 

w 

w 
w 
w 
w 

35 .  50 
37.50 
25.00 
33.00 
22.50 

81  days 
4     " 

43     " 
100     " 
100     " 

0 
0 
0 

0 

0? 
Slight 
Marked 

Pneumonia 

Lethal  Dose  of  Mercuric  Chloride  followed  by  (f)  Egg  Albumen. 


GLIO 

2273 

0.090 

45.00 

4  days 

Slight 

Marked  Pneu 

GLll 

1560 

0.062 

31.00 

7     " 

Marked 

Marked 

GL12 

1885 

0.075 

37.50 

3     " 

Slight 

tt 

GL13 

1055 

0.042 

21.00 

80     " 

0 

9 

GL14 

1715 

0.069 

35.50 

2     " 

Marked 

Marked 

Mercuric  Chlor.  followed  by  (f)  Egg  Albumen  after  varying  intervals. 


G  5L 
GIOL 
G15L 


1940 
1850 
2225 


0.078 
0.074 
0.089 


5  min. 
10  " 
15  " 


39.00 
37.00 
45.50 


7  days 
3     " 
1     " 


Marked 


Marked 


This  table  shows  that  egg  albumen  is  capable  of  saving  life  when  given  mixed  with 
mercuric  chloride,  but  that  its  antidotal  value  is  rather  slight  when  given  immediately 
afterward,  and  practically  nil  when  given  after  an  interval  of  5  to  15  minutes. 

minutes  after  the  poison  was  given,  having  in  the  meantime  withdrawn  the 
stomach  tube,  we  find  practically  no  antidotal  effect.  Inasnnich  as  those  arc  the 
conditions  that  prevail  in  practise,  wc  must  conclude  that  egg  albumen  is  not 
likely  to  be  of  any  value  as  antidote  in  tlie  treatment  of  mercuric  chloride  poi- 
soning. Evidently  the  combination  that  tlu-  mercuric  chloride  forms  with  the 
organic  materials  in  the  stomach  cannot   be  broken   up  by  albumen. 

l'OT.\SSlUi\l     l(.)l)lJ)lv    AM)    (Jl  IM.NIi. 

Hall'    advanced   the   apparently    ingenious   suggestion   iif    rexer.sing   .Mayer's 
Reagent   for  the  ]irecipitalii>n  of  nurcury,  gi\ing  the   following  I'ormula  : 

Potas.sium    iodidr  3.00 

Quinine  Iiydroclilnrido  1.60 

ilydroclilo'ric    acid,    dilute.  (lO^p)           2.00 

Distilled   water  to  100.0 
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A  solution  of  this  composition  will  remove  all  the  mercury  from  an  equal 
volume  of  one  per  cent  mercuric  chloride  solution,  producing  a  yellow  precipitate 
insoluble  in  dihite  acid  and  in  0.2  per  cent  alkali  carbonate. 

Barbour-  tested  Hall's  alleged  antidote  by  giving  it  intravenously  or  intra- 
peritoneally  one-half  to  one  hour  after  parenteral  administration  of  the  poison, 
with  the  hope  of  fixing  the  mercury,  that  had  already  reached  the  blood  and  tis- 
sues; but  with  negative  results. 

That  Hall's  solution  is  not  antidotal  to  mercury,  even  when  administered 
bv  .stomach.  I  have  shown  by  the  following  experiments: 

Table  6 

Lethal  Dose  of  Mercuric  Chloride  mixed  with  (w)  or  kom.owkd  in    (f)  Potassium 
Iodide  and  Quinine  (Hall's  Solution) 


Weight 

Mercuric 
Chloride 

Hall's 
Sol. 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

B 
B   3 

B    2 

BL 

BLl 

670 
610 
470 
650 
600 

0.04 
0.04 
0.03 
0.04 
0.04 

w 
w 
w 

f 

f.  5  min. 

4  mils 
4     " 
6     " 
4     " 
4     " 

3  days 

2^     " 
3     " 
3     " 
2     " 

0 
0 

Marked 

Marked 
Marked 

Hall's  Solution  is  of  no  value  as  antidote  to  mercuric  chloride.    Average  lethal  period 

2.7  days. 

It  will  be  seen  from  this  table  that  death  occurred  even  when  the  supposed 
antidote  was  given  mixed  with  the  poison  (Experiments  B  and  B3),  even  if 
used  in  more  than  sufficient  amount  (B2).  Necropsy  of  animals  showed  kid- 
neys with  light  cortical  stride,  and  cecal  folds  necrotic  at  their  edges.  Evidently 
the  mercuric  compound  is  broken  up  in  the  digestive  tract  with  liberation  of 
the  mercury  in  active  form. 

When  the  solution  was  given  mixed  with  the  poison,  there  was,  of  course, 
no  local  action;  but,  if  given  afterward  (Bl,  and  Bll),  corrosion  of  the  stom- 
ach was  present. 

Hall's  solution  is  therefore  useless  as  an  antidote. 

Table   7 
Lethal  Dose  of  Mercuric  Chloride  mixed  with  (w)  Sodium  Carbonate 


Weight 

Mercuric 
Chloride 

Sodium 
Carbonate 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

DIO 
DU 
D12 

860 
2235 
2110 

0.0575 

0.089 

0.085 

w. 

w 

w 

0.25 
0.42 
0.85 

1  day 

3  days 

4  " 

0 
0 
0 

Marked 

a 
a 

This  table  shows  that  Sodium  Carbonate  is  of  no  value  as  a  general  antidote  to  mer- 
curic chloride;  animals  living  only  an  average  of  2  .7  days  after  the  poisoning. 


AIvKALlES. 


Alkali,  in  the  form  of  sodium  bicarbonate,  has  been  suggested  as  an  antidote 
by  J.  M.  Hirsch.''  In  the  Journal  of  the  American  Medical  Association  for 
March  7,  1914,  is  reported  an  analysis  of  an  alleged  antidote  to  corrosive 
sublimate,  which  is  marketed  in  the  form  of  pink  tablets,  that  on  examination 
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was  found  to  consist  of  91  per  cent  sodium  bicarbonate.     It,  therefore,  seemed 
desirable  to  study  the  antidotal  value  of  this  substance. 

On  mixing  a  mercuric  chloride  solution  with  a  small  amount  of  sodium  bi- 
carbonate, a  brown  precipitate  is  formed.  If,  however,  an  excess  is  added,  e.g., 
25  parts  to  1  part  of  mercuric  chloride,  there  is  no  precipitation  whatever.  In- 
asmuch as  sodium  carbonate  seemed  to  be  superior  as  a  precipitate  of  mercuric 
chloride,  forming  with  it  a  brown  precipitant  of  oxychlorides  of  mercury,  it  was 
first  subjected  to  trial,  with  the  results  shown  in  Table  7.  Evidently  it  has  no 
antidotal  value. 

Turning  now  to  the  results  obtained  with  sodium  bicarbonate  (Table  8), 
we  note  that  a  certain,  though  slight,  antidotal  effect  can  be  obtained  from  it, 
one  which  compares  favorably  with  that  obtained   from  egg  albumen. 


Table   8 

Lethal  Dose  of  Mercuric  Chloride  mixed  with  (\v)  or  followed  by  (f)  sodium 

Bicarbonate 


Weight 

Mercuric 
Chloride 

Sodium 
Bicarb. 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

D   20 
D   21 
D   23 

D    24 

DL21 
DL22 
DL23 
DL24 

1880 
2330 
1415 
1042 

1010 
1860 
1485 
1315 

0.075 
0.093 
0.057 
0.042 

0.040 
0.074 
0.059 
0.053 

w 
w 
w 
w 

f 
f 
f 
f 

0.75 
0.93 
1.425 
1.050 

1.00 

1.86 
1  48 
1.325 

3  days 
9     " 
100     " 
3     " 

14     " 
39     " 

7  " 

8  " 

Marked 
Slight 

0 

0 

0 

0 

Slight 

Marked 

it 

Slight 
Marked 

(< 

Pneumonia 

Slight 

Marked 

This  table  shows  that  Sodium  Bicarbonate  has  antidotal  value  in  mercuric  chloride 
poisoning  even  when  given  immediately  afterward. 

Given  with  sodium  bicarbonate,  average  survival  29  days. 
Followed  by  sodium  bicarbonate,  average  survival  17  days. 

It  is  an  interesting  question  why  sodium  bicarbonate,  in  quantity  that  docs 
not  precipitate  mercuric  chloride,  should  be  antidotal;  while  sodium  carbonate, 
which  precipitates  it,  is  not.  It  is  ])rol)alily  due  to  the  influence  of  sodium  bi- 
carbonate upon  the  reaction  between  mercuric  chloride  antl  proteid.  When  we 
mix  mercuric  chloride  .solution  with  a  serum  albumen  solution  (1:1,000)  we 
obtain  a  light  flocculent  precipitate.  If,  however,  the  mercuric  chloride  has  previ- 
ously been  mixed  with  sodium  bicarbonate  a  much  denser  precijiitate  is  ftirmed. 
When  a  solution  of  sodium  bicarbonate  is  a<lde(l  to  a  suspension  of  the  flocculent 
serum  albuminate  of  mercury,  we  obtain  jji-onipt  delloccul.ition  ot  the  albumin- 
ate. 

It  will  be  noted  from  the  rei^orts  of  the  necrojisies.  that  local  lesions  were 
.slight  or  absent  in  all  cases,  excepting  1)20,  in  which  case  the  aniouiU  of  .sodium 
liicarbonate  used  was  .small — only  ten  times  as  much  as  mercuric  chloride — 
while  in  all  others  (excepting  1)21),  it  was  IS  to  50  times  as  miuh.  We  may 
conclude,  therefore,  that  an  excess  of  .sodium  bicarbonate  renders  mercuric 
chloride  non-corrosive  when  given  mixed  with  it.  and  that  it  may  possibly  have 
a  favorable  effect  upon  the  course  of  the  poisoning,  even  when  given  afterward. 
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SODIUM     ACETATK. 

In  view  of  the  fact  tliat  tliere  is  probaljly  ncj  other  metal,  the  degree  of  elec- 
trolytic dissociation  of  which,  in  aqueous  solution,  is  dependent  to  so  hi^h  a 
degree  upon  the  anion  with  which  it  is  associated,  as  are  the  mercuric  salts ;  and, 
inasmuch  as  mercuric  salts  of  very  weak  acids  are  very  much  less  dissociated 
than  are  the  salts  of  stronger  acids,  it  was  thought  advisable  to  determine  the 
antidotal  value  of  some  of  tlie  organic  acid  anions,  for  instance,  acetate.  When 
we  mix  mercuric  chloride  solution  with  a  small  amount  of  sodium  acetate,  no 
evident  change  occurs.  Probably  mercuric  acetate  is  formed ;  but,  inasmuch  as 
that  is  soluble  and  colorless,  its  production  does  not  manifest  itself.  When  a 
large  excess  of  sodium  acetate  is  used,  we  obtain  a  brown  precipitate,  identical 
in  appearance  with  that  produced  by  sodium  carbonate  and  probably  composed 
like  the  latter  of  oxychlorides  of  mercury.  This  brown  precipitate  is  evidently 
due  to  alkalinity.     For,  if  we  neutralize  the  acetate,  no  such  precipitate  is  ob- 


Table  9 

Lethal  Dose  ok   Meuc  i  hic  Ciiloride  mixed   with   f\v)   or  ?-ollo\veu  by   (f) 

SoDiiM   Acetate 


Weight 

Mercuric 
Chloride 

Sodium 
Acetate 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

D   30 

1680 

0.067 

w 

6.70 

8  days 

0 

Marked 

D   31 

1040 

0.042 

w 

4.20 

100     " 

0 

Slight 

D    32 

1700 

0.068 

w 

6.80 

3     " 

0 

I  i 

D    33 

1495 

0.060 

w 

6.00 

100     " 

D    34 

796 

0 .  032 

w 

3.20 

4     " 

Slight 

Marked 

DL30 

1650 

0.066 

6.60 

12     " 

ti 

Slight 

DL31 

1865 

0.075 

7.50 

100     " 

DL32 

1635 

0.065 

6.50 

1     " 

Marked 

Marked 

DL33 

1793 

0.072 

7.20 

5     " 

Slight 

ii 

DL34 

968 

0.039 

3.90 

8     " 

(< 

H 

This  table  shows  that  a  large  excess  of  sodium  acetate  has  considerable  antidotal 
value  in  mercuric  chloride  poisoning.  Given  with  sodium  acetate,  average  survival  45 
days.     Followed  by  sodium  acetate,  average  survival  25.2  days. 

tained.     Having  determined  that  it  required  100  times  the  amount  of  acetate  to 
completely  remove  the  mercuric  ions  from  solution,  that  amount  was  given  with 
the  result  shown  in  Table  9.     An  antidotal  efit'ect  was  obtained,  ranking  some- 
what higher  than  that  of  sodium  bicarbonate  or  of  egg  albumen. 

POTASSIUM    BITARTRATE. 

I<ambert  and  Patterson*  have  recently  reported  on  a  method  of  treatment 
of  corrosive  sublimate  poisoning,  by  means  of  which  they  scored  100  per  cent 
recoveries  in  the  10  cases  they  treated.  The  treatment  consists  of  a  powerful 
appeal  to  the  emunctories,  a  veritable  washing-  out  of  the  system,  being-  com- 
posed of :  (1),  the  administration  of  eight  ounces  of  potassium  bitartrate  lactose 
lemonade  every  two  hours  and  of  eight  ounces  of  milk  every  two  hours,  each 
being  given  alternate  hours,  and  gastric  lavage  twice  daily  in  addition;  (2),  the 
continuous  drop  rectal  irrigation  with  a  solution  of  potassium  acetate,  and  copi- 
ous enteroclysis  twice  daily,  besides;  (3),  a  sweat  bath  daily.  The  antidotal 
treatment  their  cases  received  consisted  of  the  administration  of  albumen  which. 
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as  we  have  shown,  is  probably  of  little  importance  in  producing  the  results  they 
obtained,  as  it  was  always  given  some  time  after  the  poison  had  been  taken. 
To  determine  whether  the  potassium  bitartrate,  which  their  patients  received, 
had  any  antidotal  value,  I  performed  experiments,  the  results  of  which  are 
shown  in  Table  10.  It  will  be  seen  that  potassium  bitartrate  has  practicallv  no 
antidotal  value.  \\"e  may,  therefore,  admit  from  their  results,  that  heroic  elim- 
inant  treatment  may  be  of  value  in  mercurial  poisoning,  even  if  an  inefficient 
antidote  is  used.  Of  course,  a  combination  of  such  treatment  with  the  use  of 
a  good  antidote,  ought  to  be  still  better. 


Table  10 

Lethal  Dose  of  Mercuric  Chloride  mixed  with  (\v)  Potassium   Bitartrate 

(25  to  .50  times  as  much) 


Rabbit 

Weight 

Mercuric 
Chloride 

Potassium 
Bitartrate 

Water 

Lived 

Necropsy  Lesions 
Local       General 

T  1 
T  2 
T  3 

1540 
1815 
1483 

0  061 
0.073 
0.059 

w 
w 
w 

3.50 
1.82 
3.00 

35.00 
18.00 
30.00 

5  days 

6  " 

4      " 

Slight 

i  i 

Marked 

Marked 

a 
a 

Potassium  Bitartrate  has  a  very  slight  antidotal  value, 
of  5  days  after  poisoning. 


Animals  living  an  average 


SODIUM    SULPHATE. 

In  view  of  the  report  of  Macht,'^  that  sodium  sulphate  was  of  value  in 
phenol  poisoning,  and  assuming  that  the  fact  that  sodium  sulphate  is  an  excel- 
lent deflocculent  for  proteids,  might  explain  the  action.  I  performed  test  tube 
experiments  to  determine  whether  this  was  true  for  mercuric  serum  albuminate 
sol.  Having  found  that  this  was  the  case.  I  tried  it  on  a  few  poisoned  rabbits,  as 
shown  in  Table  11,  with  perfectly  negative  rabbits. 

Table  U 

Lethal  Dose  ok  Mercuric  Chloride  followed  by  (f)  Sodh  m   Si  i.rii ate 

(.50  TO  100  times  as  much) 


Weight 

Mercuric 
Chloride 

Sodium 
Sulphate 

Water 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

SLl 
SL2 
SL3 

1530 
1147 
1355 

0  061 
0.046 
0.054 

f 
f 
f 

6  10 
4.60 
2.70 

24.4 
25.6; 
17  4 

5  days 

1  day 

2  days 

Slight 

4* 

Marked 

Marked 

Slight 

Marked 

Sodium  Sulphate  has  no  antidotal  value.    Animals  living  only  2-  3  days  average. 


STANNOUS  CHLORIDE. 

As  is  well  known,  there  is  a  great  difference  in  tlie  toxicity  of  mercuric  salts 
and  that  of  mercurnus  salts  and  of  mercury.  W  hen,  therefore,  we  reduce  mer- 
curic chloride  to  a  mercurous  salt,  or  to  a  metallic  mercury,  an  antidotal  effect 
ought  to  be  obtained.  On  comparing  a  series  of  reducing  agents.  I  found  stan- 
nous chloride  the  most  active.  An  equal  part  of  one  per  cent  solution  of  stan- 
nous chloride,  added  to  a  one  per  cent  ,>^olution  of  metallic  mercury,  produces  a 
grey  precipitate  and   removes   practically   all    mercuric    ions    fmni   the    solution. 
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Having  determined  that  the  lethal  dose  of  stannous  chloride  lor  the  rabbit  is 
about  1  gm.  per  kg.  (Table  12).  I  administered  it  in  safe  doses  mixed  with  the 
corrosive  sublimate.     (See  Table  13.) 

Table  12 
Determination  of  Lethal  Dose  of  Stannous  Chloride 


Dose  per  kg.  Rabbit 

Number  of  Experiments 

Result 

0,25 
0,50 
1,00 
2,00 

1 
1 
2 
1 

Recovered 
1   Died 

1 1 

Showing  that  lethal  dose  is  about  1,00  gm.  per  kg. 


Table  13 

Lethal  Dose  of  MERcuRif  Chloride  mixed  with  (w)  or  followed  by  (f) 

Stannous   Chloride 


Weight 

Mercuric 
Chloride 

Stannous 
Chloride 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

F 

620 

0.040 

w 

0.080 

50  days 

0 

Marked 

F  1 

1195 

0.048 

w 

0.096 

16     " 

0 

i  i 

F  2 

960 

0.039 

w 

0.077 

7     " 

0 

a 

F  3 

823 

0.033 

w 

0  210 

100     " 

0 

Pneumonia 

F  4 

1205 

0.048 

w 

0.480 

16     " 

0 

n 

FL 

890 

0.060 

0.120 

3     " 

Marked 

Marked 

FL  1 

1055 

0.042 

0.084 

2     " 

<< 

<< 

FL2 

1095 

0.044 

0.088 

2     " 

Slight 

<( 

FL3 

845 

0.034 

0.210 

17     " 

Marked 

tt 

FL4 

1370 

0.055 

0.550 

8     " 

Slight 

Pneumonia 

This  table  shows  that  stannous  chloride  is  a  good  antidote  when  mixed  with  the  poison; 
but  of  much  less  value  when  given  afterward. 

Given  with  stannous  chloride,  average  survival  37  days. 
Followed  by  stannous  chloride,  average  survival  6  days. 

A  decided  antidotal  action,  a  lengthening  of  the  average  fatal  period  to  37 
days,  was  obtained.  When,  however,  the  stannous  chloride  was  administered 
immediately  after  the  poison,  the  result  was  disappointing.  The  average  fatal 
period  was  merely  six  days.  The  reason  for  this  discrepancy  between  the  fatal 
period  under  these  two  conditions  of  administration  of  the  antidote,  is  probably 
due  to  the  chemical  instability  of  the  stannous  chloride,  and  the  fact  that  it  is  a 
proteid  precipitant.  Hence,  if  administered  afterward,  it  will  react  with  other 
sub.stances  quite  as  readily  as  with  mercuric  chloride.  Perhaps,  if  larger  doses 
were  used,  it  might  give  better  results.  The  best  results,  shown  in  Table  13, 
have  been  obtained  with  the  largest  doses.  Still,  as  we  have  less  toxic  and  more 
useful  antidotes  among  the  reducing  agents,  no  further  studies  were  made  with 
stannous  chloride. 

CALCIUM    SULPHIDE. 

Hayward  and  Allen,*^  in  a  letter  to  the  editor  of  the  Journal  of  the  American 
Medical  Association,  suggested  the  use  of  calcium  sulphide  as  an  antidote  to 
mercuric  chloride  poisoning,  on  the  ground  that  1  gm.  of  calcium  sulphide  (calx 
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sulphurata,  U.  S.  P.)  is  capable  of  reducing  2.31  gm.  of  mercuric  chloride.    They 
report  no  experimental  work  upon  animals. 

To  determine  the  toxicity  of  the  proposed  antidote,  I  administered  to  a  rab- 
bit weighing  1,276  gm.  a  dose  of  0.10  gm.  of  calcium  sulphide  per  kg.,  by  means 
of  a  stomach  tube.  Within  three  minutes  the  animal  was  lying  on  its  side,  pant- 
ing, its  breath  smelling  of  hydrogen  sulphide,  pupils  dilated,  corneal  reflex  slug- 
gish. A  convulsion  occurred  within  ten  minutes  after  the  administration.  The 
animal  remained  lying  on  its  side,  its  ears  becoming  bluish ;  and  it  seemed  to 
be  dying.  It  commenced  to  improve,  however,  within  twenty-five  minutes, 
though  it  remained  depressed,  did  not  eat,  and  died  on  the  fourth  day  after  the 
administration  of  the  agent ;  necropsy  showing  multiple  punctate  hemorrhages  in 
the  stomach. 

It  appears  that  an  agent  as  highly  and  rapidly  toxic  as  calcium  sulphide, 
would  not  be  likely  to  be  of  value  as  an  antidote,  especially  in  view  of  the  fact 

Table   14 

Lethal,  Dose  of  Mercuric  Chloride  mixed  with  (w)  or  followed  by  (f) 

Sodium  Phosphite 


Weight 

Mercuric 
Chloride 

Sodium 
Phosphite 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

H 

H    1 
HLl 

1018 

780 

1188 

0.068 
0.030 
0.047 

w 
w 
f 

0.68 
0.30 
0.47 

4  days 
4     " 

4     " 

0 

0 

Marked 

Marked 

Sodium  Phosphite  given  alone  is  of  little  value  as  antidote,  av.  survival  4  days. 

that  we  have  other  reducing  agents  that  are  much  less  toxic.     I  therefore  did 
not  carry  the  experiments  with  this  agent  any  further. 


SODIUM    PHOSPHITE. 

Thomas  A.  Carter"  announced,  in  1914,  a  series  of  16  cases  of  mercuric 
chloride  poisoning,  treated  with  a  new  antidote,  with  only  two  deaths.  He  has 
since  enlarged  his  series  to  74  cases  with  only  four  deaths.*  His  antidote  is 
composed  of  sodium  phosphite,  six  parts,  and  sodium  acetate,  four  parts. 

When  a  solution  of  sodium  phosphite  is  mixed  with  a  mercuric  chloride 
solution,  a  white  precipitate  (calomel)  is  formed;  and  if  the  proportions  are 
correct — ten  parts  of  sodium  phosphite  to  one  part  of  mercuric  chloride — 
practically  all  of  the  mercury  is  removed  from  the  solution. 

I  first  administered  the  sodium  phosphite  mixed  with  and  following  a  fatal 
dose  of  mercuric  chloride,  without  obtaining  any  antidotal  eflect  (Table  141  ; 
then  mixed  it  with  a  liberal  excess  of  sodium  acetate,  which  had  previously  been 
found  to  have  an  antidotal  value;  but  found  that  the  combination  was  devoid  of 
antidotal  action. 

Experimenting  then  witli  the  |)roportions  given  by  Carter,  using  10  parts  of 
sodium  phosphite  to  6.6  i)arts  of  sodium  acetate,  T  obtained  the  results  shown  in 
Table  16,  an  evidently  antidotal  effect  even  if  the  antidote  was  given  after  the 
poison  was  administered.  The  average  fatal  period  was  lengthened  to  ()1.<1  days, 
when  the  poison  and  antidote  were  given  combined;  and  to  42.4  days,  when  the 
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antidote  was  given  afterward.  W  hy  the  combination  in  the  proportions  stated 
should  be  so  much  more  effective  than  the  same  combination  with  an  excess  of 
acetate,  which  in  itself  has  antidotal  value,  I  am  unable  to  explain. 

SODIUM    HYPOI'HOSPHITE. 

Theoretically,  sodium  hypophosphite  should  be  a  better  reducing  agent  than 
sodium  phosphite,  for  it  represents  a  still  lower  state  of  oxidation.  However, 
it  seems  to  be  somewhat  slower  than  the  phosphite  in  undergoing  reaction  with 
mercuric  chloride,  though  the  result  is  the  same,  a  white  precipitate  of  calomel 

Table  15 
Lethal  Dose  of   Mercuric  Chloride  mixeo   with    (w)   or   followed   by   (f)   Sodium 
Phosphite  (10  times  as  much)  and  Sodium  Acetate  (100  times  as  much) 


Rabbit 

Weight 

Mercuric 
Chloride 

Sodium 
Phosphite 

Sodium 
Acetate 

Lived 

Necropsy  Lesions 
Local       General 

H   4 
H   6 

HL4 
HL6 

1749 
974 

1215 
1000 

0.070 
0.039 

0.049 
0.040 

w 
w 

f 
f 

0  70 
0.39 

0  49 

0  40 

7.00 

3  90 

4  90 
4.00 

1  day 
3  days 

3  " 

4  " 

Slight 

Marked 
Slight 

Slight 
Marked 

Sod.  Phosphite  with  large  excess  of  acetate  is  of  no  antidotal  value. 


Table   16 

Lethal  Dose   of   Mercuric   Chloride   mixed   with    (w)   or   followed   by   (f)   Sodium 
Phosphite  (tex  times  as  much)  and  Sodium  Acetate  (6.6  times  as  much) 

(Carter's  Antidote) 


Sodium 

Sodium 

Necropsy  Lesions 

Rabbit 

Weight 

HgCL, 

Phosphite 

Acetate 

Lived 

Local 

General 

H   2 

1665 

0.067 

w 

0.67 

0.442 

1  day 

0 

Slight 

H   3 

1870 

0.075 

w 

0.75 

0.50 

100  days 

Slight 

Ear  Inf. 

H   5 

1650 

0.066 

w 

0.66 

0.44 

100     " 

H   7 

1525 

0.061 

w 

0.61 

0.40 

7     " 

Marked 

Marked 

H   8 

1550 

0.062 

w 

0.62 

0.41 

100     " 

HL2 

1795 

0,072 

0.720 

0.475 

100     " 

0 

Slight 

HL3 

2075 

0.113 

1.13 

0.75 

4     " 

0 

Pneum. 

HL5 

1877 

0.075 

0.75 

0.50 

100     " 

HL7 

2100 

0.084 

0  84 

0.554 

6     " 

Marked 

Marked 

HL8 

1440 

0.058 

0.58 

0.38 

2     " 

Slight 

ii 

Carter's  Antidote  is  of  decided  value. 

Average  survival  when  given  with  the  poison  61.6  days. 

Average  survival  when  given  following  the  poison  42.4  days. 

being  formed.  Finding  in  an  experiment,  in  which  I  administered  it  mixed  with 
the  poison,  that  the  fatal  period  was  merely  prolonged  to  eight  days,  I  proceeded 
to  use  the  sodium  hypophosphite  in  various  combinations,  having  noticed  that 
combination  with  a  third  agent  seemed  to  hasten  the  speed  of  the  reaction. 

Combination  of  sodium  hypophosphite  with  sodium  acetate  in  proportion 
of  10  to  6.6  gave  the  results  shown  in  Table  17. 

While  the  figures  representing  the  number  of  days  the  animals  survived, 
give  a  somewhat  lower  average  than  was  obtained  with  Carter's  Antidote,  37.6, 
as  compared  with  42.4.  still  a  comparison  of  Tables  16  and  17  will  show  that 
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the  results  were  somewhat  more  uniform  with  the  hypophosphite,  not  one  animal 
among  those  that  were  given  the  hypophosphite  dying  in  less  than  20  days,  while 
with  Carter's  antidote,  one  animal  died  in  one  day  and  one  in  seven  days.  Fur- 
thermore, most  of  the  animals  of  the  hypophosphite  series  succumbed  to  rabbit 
pneumonia  and  similar  infectioiis,  which  had  unfortunately  attacked  them  in  an 
epidemic  manner.  Taking,  however,  the  figures  as  they  are,  in  spite  of  this 
handicap,  we  find  them  to  rank  the  hypophosphite  and  acetate  well  alongside  of 
the  phosphite  combination. 


Table   17 

Leth.\.l   Dose  of   Mercuric   Chloride   mixed   with   (w)    or  followed   by   (f)   Sodium 
Hypophosphite  (10  times  as  much)  and  Sodium  Acetate  (6.6  times  as  much) 


Weight 

HgCls 

Sodium 
Hypo. 

Sodium 
Acetate 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

Ca    2 
Ca    4 
Ca    5 
Ca    6 

Ca    7 

Cal  2 
Cal  4 
Cal  5 
Cal  6 
Cal  7 

1205 
1392 

965 
1395 

960 

1437 
1000 
2450 
1115 
1060 

0.048 
0.056 
0.039 
0.056 
0.038 

0.057 
0.040 
0.098 
0.045 
0.042 

w 
w 
w 
w 
w 

0.48 
0.56 
0.39 
0.56 
0.38 

0.57 
0.40 
0.98 
0.45 
0.42 

0.32 

0.37 

0.238 

0.37 

0.25 

0.38 

0.264 

0.669 

0.30 

0.28 

60  days 

28     " 

100     " 

20     " 

38     " 

7     " 

67     " 

9     " 

100     " 

5     " 

0 
0 

0 
0 

Slight 

( ( 
it 

0 

Nose  Inf. 
Ear    " 

Pneum. 

Marked 
Abscess 
Marked 

Slight 

Sodium  Hypophosphite  with  sodium  acetate  has  decided  antidotal  value. 
Average  survival  when  given  with  the  poison,  49.2  days. 
Average  survival  when  given  following  the  poison,  37.6  days. 

Table   18 

Lethal   Dose   of   Mercuric   Chloride   mixed   with   (w)    or   followed   by    (f)   Sodium 

Hypophosphite  (10  times  as  much)  and  Sodium  Acetate  (100  times  as  much) 


Weight 

Mercuric 
Chloride 

Sodium 
Hypo. 

Sodium 
Acetate 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

Ca    1 
Ca    3 
Cal  1 
Cal  3 

1100 

1128 

1335 

965 

0.044 
0.045 
0.053 
0.039 

w 

w 

f 
f 

0.44 
0.45 
0.53 
0.39 

4.40 
4.50 
5,30 
3.90 

2  days 
1     " 
100     " 

7     " 

Slight 
Slight 

? 

Slight 

Marked 

Hypophosphite  is  of  much  less  antidotal  value  when  given  with  excess  of  acetate. 
Average  survival  being  27 . 5  days. 

An  excess  of  sodium  acetate,  added  to  the  hypophosphite.  Table  18,  lowers 
the  average  lethal  period  as  it  did  in  case  of  phosphite;  bul  not  to  the  same  ox- 
tent.  An  average  survival  of  27.5  days  was  obtained,  as  against  three  tlays  in 
case  of  phosphite. 

Acidified  solution  of  sodium  hypophosphite  (Table  19),  as  well  as  alkalin- 
ized  solution  of  this  salt  (Table  20)  were  alsc^  tried,  with  results  that  were  not 
sufficiently  encouraging  to  demand  further  study. 

The  best  results  of  all  were  obtained  with  socHum  hypophosphite  to  wliich 
a  moderate  amount  of  hydrogen  peroxide  was  added  (5  times  as  much).  The 
average  lethal  period  (Table  21),  when  this  antidote  was  administered  imme- 
diately after  the  poison,  was  43.4  days.     A\"ben,  ho\ve\er,  an  excess  of  hydrogen 
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Tablk   19 

Lethal   Dose  of  Mercuric   Chloride  mixed  with   (\v)   or  followkd   hy    ir)   Sodidm 

Hypophosphite  acidified  with  dilite  Hydjiochloric  Acid 


Weight 

Mercuric 
Chloride 

Hypophos- 
phite 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

C 

C      1 
C      2 

CL  1 
CL  2 
C    20 
C   21 

460 
770 
530 

1107 

1070 

547 

860 

0.030 
0.030 
0.040 

0.044 
0.043 
0.035 
0.057 

w 
w 
w 

f 

f 
f 

f 

0.30 
0.30 
0.20 

0.44 
0  43 
0  35 
0.57 

35  days 
15     " 
10     " 

19     " 

8     " 
7     " 
5     " 

Slight 

Marked 

Slight 

0 

Slight 

Marked 

Marked 

it 

<< 

<< 
<< 
<< 

it 

Average  lethal  period  when  given  with  the  poison,  15.5  days. 
Average  lethal  period  when  given  following  the  poison,  9.75  days. 


Table  20 

Lethal  Dose   of   Mercuric   Chloride   mixed   with    (w)    or   followed   by    (f)    Sodium 

Hypophosphite  and  Sodium   Carbonate 


Weight 

Mercuric 
Chloride 

Hypophos- 
phite 

n'5 
Na.COa 

Lived 

Necropsy  Lesions 

Rabbit 

Local 

General 

C     3 
C      5 
CL  5 
C   30 

1555 

1070 

915 

612 

0.060 
0.043 
0.037 
0.040 

w 
w 

f 

f 

0  60 
0.43 
0.37 
0.40 

6.00 
4.30 
3.70 
4.00 

36  days 

28     " 
7     " 
6     " 

Slight 

0 

Marked 

Slight 

Abscess 

Slight 

Marked 

Marked 

Average  lethal  period  when  given  with  poison,  32  days. 
Average  lethal  period  when  given  following  poison,  6 . 5  days. 


Table  21 

Lethal   Dose   of   Mercuric   Chloride   followed   by    (f)    Sodium    Hypophosphite    (10 

times  as  much)   with  Hydrogen  Peroxide  (50  times  as  much) 


Rabbit 

Weight 

HgCl, 

NaPHoO; 

H:02 

Lived 

Necrops 
Local 

y  Lesions 
General 

CHL4 
CHLl 
CHL2 
CHL5 
CHL6 

1150 

1470 
1645 
2390 
2270 

0.046 
0.059 
0.066 
0.096 
0.091 

0.46 
0.59 
0.66 
0.96 
0.91 

2.00 
3.00 
3.00 
4.80 
4.50 

8  days 

60     " 

45     " 

100     " 

4     " 

0 
0 
0 

0 

Pneum. 
7 

? 

Marked 

Sodium   Hypophosphite   with   hydrogen   peroxide   has   considerable   antidotal   value. 
Average  lethal  period,  43.4  days. 


Table  22 
Lethal  Dose  of  Mercuric  Chloride  followed  immediately  by  (f)  Sodium  Hypophos- 
phite   (10  TIMES   AS   much)    WITH    HyDROGEN    PeROXIDE    (100   TIMES   AS   MUCH) 


Rabbit 

. 

Weight 

HgCl2 

NaPH^Oa 

HoOo 

Lived 

Necrops 
Local 

y  Lesions 
General 

CHL3 
CHL4 

1942 
1737 

0.078 
0.070 

f 

f 

0.78 
0.70 

7.80 
7.00 

11  days 
4     " 

0 
Slight 

Marked 

This  table  shows  that  an  excess  of  hydrogen  peroxide  is  not  as  good  as  when  a  smaller 
amount  is  used.     Average  lethal  period  being  7  . 5  days. 


Antidotes  in  Mercuric  Chloride  Poisoning:  893 


i> 


peroxide  was  given  with  the  hypophosphite,  the  results  were  much  less  favorable 
(Table  22).  Whether  a  still  smaller  proportion  of  hydrogen  peroxide  would 
give  still  better  results,  remains  to  be  determined.  Why  hydrogen  peroxide,  an 
oxidizing  agent,  should  increase  the  efficiency  of  a  reducing  agent,  like  hypophos- 
phite, is  an  interesting  question.     It  may  be  it  acts  as  a  catalyzer. 

The  results  of  special  interest  obtained  with  various  antidotes  administered 
after  the  poison  was  given,  may  be  most  readily  compared  by  reference  to  ac- 
companying diagram.  This  shows,  at  a  glance,  that  sodium  phosphite  and  sodium 
hypophosphite.  in  the  combinations  mentioned,  gave  the  best  results. 

Summary  of  Average  Lethal  Periods. 

Mercuric  Chloride  given  alone.     ^^B 

Mercuric   Chloride  followed   by    ___^^_^_ 
Stannous  Chloride IHHB^^B 

Mercuric   Chloride  followed  by 

Sodium    Bicarbonate ^^HIJU^^^^B^^^^^I^BI 

Mercuric   Chloride  followed  by 

Egg  Albumin HHHHHHHBBHHHHHH 

Mercuric   Chloride  followed  by 

Sodium    Acetate HBH^IH^^^H^^^^H^^^^^HIHHBii 

Mercuric   Chloride  followed  by 
Sod.       Hypophosphite       with 

Acetate  VBHI^^H^^^H^HH^^^^^^^^^^IH^^^^^^^H^^H^^B 

Mercuric    Chloride  followed  by 

Mercuric   Chloride  followed  by 

Sod,       Hypophosphite       with    ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

Hydrogen  ^I^HIHIHHHH^^HHHI^^Hi^HHHBIii^HI^HHHHHHHHI^IB 

To  determine  next  whether  these  antidotes  are  likely  to  be  of  use  in  the 
conditions  met  with  in  actual  practice,  each  of  these  three  antidotes  was  admin- 
istered, 5,  10  and  15  minutes  after  the  poison  was  given,  the  stomach  tube  hav- 
ing been  withdrawn  meanwhile.  In  all  cases  distinct  antidotal  effects  were  ob- 
tained. One  rabbit  each,  was  used  in  these  experiments.  The  animals  that  re- 
ceived hypophosphite  and  acetate  5,  10  and  15  minutes  afterward  lived,  29,  65 
and  9  days  respectively.  Those  that  were  given  hypophosphite  and  hydrogen 
peroxide  5,  10  and  15  minutes  afterward,  lived  15,  28  and  60  days  respectively, 
while  of  the  animals  that  were  given  Carter's  antidote  5.  10  and  15  minutes  after- 
ward, died  after  65,  74  and  100  days  respectively.  Inasnuicli,  as  (|uite  a  numlier 
of  these  animals  died  of  raltbit  pneumonia,  and  as  only  one  animal  was  used  for 
each  of  these  tests,  the  results  do  not  permit  conclusions  as  to  the  relative  merits 
of  these  antidotes.  They  do,  however,  prove  conclusively  that  antidotal  effects 
can  be  obtained  from  all  of  them,  when  they  arc  administered  some  time  after 
the  poison.  This,  as  we  have  .^cen  (Cf.  Table  5)  was  not  the  case  with  c^^  al- 
bumen, as  that  proved  quite  worthless  wiicn  gi\en  10  and  15  minutes  after  the 
poison. 

CONCLUSIONS. 

1.  Egg  albumen  is  of  little  value  as  an  antidote  to  mercuric  chloride,  unless 
it  is  given  immediately  after  the  ])()is()n  is  swallowed.  Milk  and  serum  albumin 
are  worthless. 

2.  Hall's  solution  (ixjtassium  iodide  and  t|uinine),  is  useless  as  an  antidote. 
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3.  Sodium  bicarbonate  and  sodium  acetate  possil.ly  liave  a  niuderate  anti- 
dotal value.     Sodium  carbonate  is  of  no  value. 

4.  Potassium  bitartrate  and  sodium  sulphate  have  no  antidotal  value. 

5.  Stannous  chloride  has  little  antidotal  value. 

6.  Calcium  sulphite  is  probably  too  toxic  to  be  of  use  as  an  antidote. 

7.  Sodium  phosphite  alone  has  no  antidotal  value;  but  mixed  in  a  certain 
proportion  with  sodium  acetate  (Carter's  antidote)  it  is  of  remarkable  anti- 
dotal efficiency. 

8.  Sodium  hypophosphite  mixed  with  a  certain  proportion  of  sodium 
acetate  or  of  hydrogen  peroxide  is  also  highly  efficaceous  as  an  antidote. 

TREATMENT    RECOMMENDED. 

As  the  result  of  my  studies,  1  would  recommend  the  following  antidotal 
treatment  for  mercuric  chloride  poisoning:  Immediate  administration  of  anti- 
dote, either  Carter's  antidote,  a  tablet  composed  of  sodium  phosphite,  0.36  gm. 
and  sodium  acetate  0.24  gm.    If  this  be  not  available,  I  would  give  the  following 

Sodium  Hypophosphite  1.00  gm. 

Water  10.00  mil.s. 

Hydrogen  Peroxide  5.00  mils. 

If  the  amount  of  the  poison  taken  be  known,  ten  times  as  much  of  the 
hypophosphite  should  be  given  as  poison  was  taken.  As  this  might  require  a  large 
and  possibly  harmful  amount  of  hypophosphite,  it  should  immediately  be  fol- 
lowed by  copious  lavage,  with  a  very  dilute  solution  of  the  antidote.  This  may 
be  followed  by  a  safe  dose-,  of  the  antidote,  which  is  to  be  retained,  and  which 
might  be  repeated  every^  eight  hours  for  several  days. 

This  antidotal  treatment  might  be  combined  with  some  such  eliminant  treat- 
ment as  that  recommended  by  Lambert  and  Patterson,*  excepting  that  sodium 
acetate  might  be  preferred  to  the  potassium  bitartrate  given  by^  stomach,  because 
of  its  superior  antidotal  value. 
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BENCE-JONES  PROTEIN* 


A  Preliminary  Report. 


By  \V.  a.  Groat,  M.D.,  and  R.  K.  Brewer,  M.D., 
Syracuse,  New  York. 


THE  subject  of  the  study  of  which  this  is  the  prehminary  report  is  a  man 
37  years  old,  referred  to  one  of  us  by  Dr.  W.  H.  Kidder,  of  Oswego, 
N.  Y.,  because  of  a  pecuHar  albumin  reaction  found  in  his  urine.  This  albumin 
was  found  by  one  of  us  to  be  Bence-Jones  protein,  and  arrangements  were  made 
whereby  the  patient  voluntarily  put  himself  under  full  control  in  hospital  and 
study  of  his  case  and  condition  was  tmdertaken  and  is  under  way. 

Reference  to  literature  has  revealed  to  us  no  case  in  which  definite  associa- 
tion with  kidney  change  has  been  proved.  In  fact,  the  observations  are,  in  the 
main,  that. serum  albumin  proper  is  not  present.  However,  Hopkins  and  Savory^ 
although  stating  that  in  none  of  their  three  cases  was  there  evidence  of  a 
nephritis,  did  find,  in  the  only  one  of  these  which  went  to  autopsy,  definite  post- 
mortem evidence  of  interstitial  kidney  change.  Folin  and  Denis-  note  the 
regular  appearance  of  a  few  hyaline  and  granular  casts,  but  they  also  state 
there  was  no  clinical  evidence  of  nephritis.  Taylor  and  Miller  in  a  recent 
article'  report  complete  absence  of  serum  albumin  in  their  case.  Their  method 
of  testing,  however,  we  believe  may  be  open  to  question,  so  far  as  proof  of 
absence  of  serum  albumin  is  concerned.  Recognizing  the  fact  that  traces  of  serum 
albumin  are  not  easily  proved  up  in  otherwise  normal  urine,  wo  cannot  regard 
complete  clearing  of  the  urine  when  boiled  with  nitric  acid,  as  they  suggest, 
as  proof  of  the  absence  of  small  amounts  of  true  serum  albumin,  since  the  reso- 
lution of  traces  of  serum  albumin  in  hot  nitric  acid  is  accepted  fact.  Further- 
more, using  the  method  of  Hopkins  and  Savory\  heating  with  acetic  acid  for 
two  hours  at  60°  and  cooling  on  ice  to  give  an  albumin  free  filtrate,  we  find 
that  in  our  case  all  the  lience-Jones  albumin  is  not  thereby  removed.  With 
these  observations  in  mind,  and  with  the  facts  as  regards  the  finding  and  proving 
of  traces  of  serum  albumin  and  the  dififerentiation  of  questionable  reactions  from 
those  of  so-called  nuclco-albumin,  et  cetera,  under  like  conditions,  we  form  the 
opinion  that  the  presence  or  absence  of  true  senmi  albumin  and  kidney  change 
have  not  yet  been  proved.  A  reference  to  the  complete  work  of  Hopkins  and 
Savory\  showing  the  varying  behavior  of  Bencc-Jones  protein  in  their  threv> 
cases  with  graded  amounts  of  salt  and  acid,  clearly  shows  bow  Bence-Jones  pro- 
tein may  complicate  llu'  matter  of  proof  of  the  presence  or  absence  of  serum 
albumin.  We,  therefore,  have  approached  thr  matter  from  a  new  angle:  an<l 
briefly,  we  find  in  our  casr  an  excretion  of  but  20  ])er  cent  of  iihenolsulphon- 
plulialin,  willi  a  blood  pressure  of  130  to  135,  in  a  man  anemic  and  much  depleted. 
Typical  urine  analyses  with  conijilete  nitrogen  ])artition,  together  with  the  lilood 
analysis  showing  nitrogen  retention,  are  tabulated  below. 


*Froni    the    Haz.ini    Ntoinori.nl     I.alioratoiy,    Syracuse    llos])ilal    for    Women    ami    ChiUlrcn,    and    ihc 
Chemical    I.nhoratory,    College   of   Medicine,    Syracuse   I'niversity. 
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Blood  Analysis. 

Non  Protein  N=81.9 

Urea  N  40.8     Creatinine  2.1 

Uric  Acid  6.2     Creatine+creatinino  11.5 

Urine  Analyses. 


I. 

II. 

17.56 

Total  N. 

16.55 

12.42 

Non   Protein 

N. 

10.20 

5.14 

Protein   N. 

6.35 

32.38 

Bencc-Iones 

Protein 

38.17 

10.38 

Urea  X. 

7.45 

.31 

Ammonia  N. 

.27 

.23 

Uric  Acid  N. 

.30 

.67 

Creatinine  N. 

.63 

None 

Creatine 

None 

Briefly  stated,  our  case  seems  to  be  a  quite  typical  one  clinically  as  regards 
general  symptomatology.  The  urine  shows  a  few  hyaline  and  granular  casts  as 
has  been  noted  in  previous  cases,  but  no  ordinary  clinical  evidence  of  a  nephritis. 
The  quantity  of  the  protein  has  varied  from  32.4  to  41.3  grams  in  24  hours, 
irrespective  of  diet. 

It  is  not  difficult  to  understand  how  the  excretion  of  such  an  ainount  of  an 
abnormal  urinary  constituent  could  cause  true  kidney  change.  Our  case  ap- 
pearing to  be  a  typical  one  and  taking  particular  note  of  the  interstitial  kidney 
change  found  in  the  one  case  at  autopsy,^  and  finding  of  hyaline  and  granular 
casts  in  other  cases,  notably  Folin  and  Denis,-  our  findings  of  a  nitrogen 
retention,  while  standing  aloie  as  far  as  we  can  find  from  the  search  of  litera- 
ture, are,  nevertheless,  also  the  only  instance  we  fi.nd  in  which  such  determina- 
tions have  been  reported,  and  taken  altogether,  are,  we  believe,  of  particular  in- 
terest. A  full  clinical  report  and  a  full  report  of  laboratory  study  now  under 
way  are  to  appear.     This  is  but  a  preliminary  report. 
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DETECTION  OF  SMALL  AMOUNTS  OF  BLOOD 


By  T.  H.  Kelly,  M.D.,  Cincixxati,  Ohio. 


THERE  have  been  many  attempts  made  to  devise  methods  which  would  ac- 
curately indicate  the  presence  or  absence  of  blood  in  fluids,  stains,  etc., 
but  as  yet  no  chemical  method,  with  one  exception,  has  been  evolved  which  will 
enable  us,  without  confirmatory  examinations,  to  say  definitely  that  we  are  deal- 
ing with  blood,  whatever  its  origin.  The  exception  is  the  hemin  crystal  test  of 
Teichmann.  which  is  specific  for  hemoglobin ;  this  is  not  delicate  enough  to  detect 
such  minute  quantities  of  blood  as  we  have  to  deal  with  in  certain  pathologic 
urines,  stools,  etc. 

The  diagnostic  importance  of  the  presence  of  blood  in  certain  of  the  human 
excretions  or  secretions,  is  certainly  not  less  than  its  significance  in  stains,  etc. 
in  forensic  medicine,  and  so  the  knowledge  of  the  value  and  technic  of  the  var- 
ious tests  becomes  a  necessity  to  every  man  in  medicine. 

The  most  widely  used  test  in  all  probability  is  the  guaiac  test,  which  was 
introduced  first  by  Schonbein^  in  1856.  This  test  depends,  as  do  all  others  which 
have  been  extensively  used,  upon  the  fact  that  hemoglobin,  or  its  iron  contain- 
ing derivatives,  in  the  presence  of  oxygen  acts  as  an  oxygen  carrier,  thereby  ox- 
idizing certain  colorless  compounds  into  one  showing  distinct  color.  The  other 
substances  which  have  been  used  in  this  type  of  test  are  aloin.  benzidine,  the 
leuco-base  of  malachite  green  and  phenolphthalin. 

There  has  been,  and  still  is.  considerable  question  as  to  the  exact  method 
by  which  the  blood  is  able  to  bring  about  the  oxidation  of  these  chromogenic 
substances  in  the  presence  of  oxygen.  Delearde  and  A.  Benoit-  think  that  the 
blood  acts  as  a  peroxidase.  Kastle  and  Amoss^  have  called  it  the  "peroxidase 
activity''  of  the  blood,  citing  the  facts  that  blood  differs  in  its  reactions  from 
peroxidases  in  that  it  does  not  lose  the  oxygen  carrying  activity  after  boiling, 
and  that  it  reacts  in  such  concentrations  of  alkali  as  would  destroy  most,  if  not 
all  of  the  true  peroxidases.  Further,  the  activity  was  found  to  vary  with  the 
hemoglobin  content.  It  has  also  been  shown  that  the  oxygen  carrying  activity 
of  the  blood  persists  after  boiling  and  treatment  with  acids  and  alkalies,  until 
the  blood  pigments  are  deprived  of  their  iron  (Mortessicr\  Czylilarz  and  von 
Furth',  Lesser''.  Whitney').  Kastle**  gives  an  hypothesis  which  suppcvses  that  the 
iron-containing  blood  pigment  combines  with  the  peroxide  of  hydrogen  to  form 
a  compound  which  gives  up  its  oxygen  to  the  chromogenic  substance  more  easily 
than  the  peroxide  itself,  resulting  in  the  production  of  a  dye  of  a  given  color. 

There  ha\e  been  objections  urged  against  these  tests  because  of  the  fact 
that  certain  substances  other  than  blood  have  been  shown  to  give  the  guaiac  or 
similar  reactions.  Kastle^  in  his  monograph,  gives  a  list,  occupying  three  pages, 
of  substances  which  have  been  found  to  give  these  reactions,  the  most  important 
clinically  being  pus,  milk,  saliva,  bile  and  feces  (after  meals  containing  raw  or 
cooked  meats  or  foods  containing  blood  (.  .Also  of  occasional  importance  clinic- 
ally arc  the  salts  of  iron  and  mercury.  N'cedless  to  say.  in  the  performance  of 
these  tests  the  clinician  nuist  do  his  best  to  assure  himself  that  these  sources  of 
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error  arc  eliminated  as  far  as  possible  before  the  test  is  attempted.  In  test- 
ing for  blood  in  feces  we  must  be  certain  that  the  patient  has  not  been 
eating-  meat  recently.  This  can  be  accomplished  by  putting  him  upon  a  meat 
free  diet,  and  marking  the  beginning  of  this  regime  by  a  dose  of  charcoal,  car- 
mine, etc.,  which  will  color  the  feces,  thereby  marking  the  commencement  of 
meat  free  stools. 

The  technic  of  the  guaiac  test  is  as  follows :  A  part  of  the  material  to  be 
tested  is  thoroughly  mixed  with  one-third  of  its  volume  of  glacial  acetic  acid, 
and  then  an  equal  part  of  ether  is  added  and  the  mixture  well  shaken.  The 
ethereal  extract  thus  made  is  permitted  to  separate,  a  few  drops  of  alcohol 
often  materially  hastening  the  separation.  The  ethereal  extract  is  poured  ofif 
into  a  clean  test  tube  and  ten  drops  of  a  freshly  prepared  tincture  of  guaiac 
(alcoholic  solution  of  gum  guaiac  1 :5)  and  20-30  drops  of  ozonized  (old)  tur- 
pentine added.  In  the  presence  of  blood  the  mixture  assumes  a  voilet  blue  color 
and  in  its  absence  it  turns  red-brown  or  greenish.  The  color  may  be  more 
definitely  seen  in  doubtful  reactions  by  adding  a  little  chloroform,  shaking  the 
mixture  well,  and  allowing  the  chloroform  to  settle  out.  The  chloroform  ex- 
tracts the  blue  pigment,  and  is  distinctly  colored  by  it. 

According  to  Weber^  potato  and  other  starches,  as  well  as  bile,  milk,  saliva, 
pus  and  preparations  of  iron  produce  the  blue  coloration,  and  he  recommends 
the  acid-ethereal  extract  as  outlined  above,  saying  that  this  procedure  obviates 
the  above  errors. 

There  is  a  modification  of  the  test  which  makes  it  somewhat  more  con- 
venient, and  often  renders  the  reaction  more  distinct  in  doubtful  cases.  Instead 
of  using  old  turpentine,  the  tincture  of  guaiac  is  freshly  prepared  and  5  c.c. 
placed  in  a  test  tube.  Two  or  three  drops  of  a  3  per  cent  solution  of  hydrogen 
peroxide  are  added  to  this  and  then  a  few  cubic  centimeters  of  the  ethereal 
extract  to  be  tested  is  layered  above  it.  If  blood  is  present  a  blue  ring  forms 
at  the  line  of  contact  within  a  minute  or  two,  and  if  blood  is  absent  only  a  very 
slight  brownish  discoloration  appears  and  often  none  at  all.  The  colored  ring 
is  very  easily  seen  if  present,  there  being  very  little  production  of  other  pig- 
ments to  obscure  the  color. 

Boas'^"  says  that  this  test  is  not  decisive  in  the  feces  since  the  blue  is  often 
overshadowed  by  the  browns,  and  he  recommends  the  use  of  aloin  as  suggested 
by  Klunge,  Schar  and  Rossel. 

This  test  is  performed  according  to  Rossel^^  as  follows :  5  c.c.  of  stool 
are  extracted  with  ether  to  remove  any  fats  which  may  be  present,  as  they  inter- 
fere later  by  the  production  of  emulsions.  After  removal  of  the  ether  extract 
3-5  c.c.  of  glacial  acetic  acid  are  added  to  the  feces,  and  this  mixture  is  again 
extracted  with  ether.  This  acid-ethereal  extract  is  now  used  for  the  test.  As 
much  aloin  as  can  be  placed  upon  the  tip  of  a  pen-knife  is  dissolved  in  3-5  c.c. 
of  707r  alcohol  and  10-15  drops  of  this  solution  are  added  to  the  acid-ethereal 
extract  after  first  adding  to  it  20-30  drops  of  resinous  oil  of  turpentine,  or  ac- 
cording to  Brandenburg,  a  dilute  solution  of  hydrogen  peroxide.  In  the  presence 
of  blood,  the  mixture  rapidly  becomes  bright  red.  later  assuming  a  cherry  color. 
In  the  absence  of  blood,  it  becomes  reddish  only  after  an  hour  or  two.  According 
to  Boas,  the  reaction  can  be  hastened  by  addin;:^;  a   few  drops  of  chloroform. 
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This  test  can  also  be  performed  as  in  the  modification  of  the  guaiac  reaction. 

The  benzidine  reaction  is  done  as  follows :  As  much  benzidine  as  will  go  on 
the  end  of  a  small  knife  is  placed  in  2  c.c.  of  glacial  acetic  acid  and  shaken.  A 
piece  of  feces  the  size  of  a  pea  is  placed  in  5-10  c.c.  of  water  and  boiled,  the  test 
tube  being  closed  by  cotton.  Then  10-12  drops  of  the  benzidine  solution  are 
placed  in  a  test  tube  and  2-2.5  c.c.  of  y,c  hydrogen  peroxide  added.  1-5  drops 
of  the  boiled  feces  are  added,  greenish  or  blue  color  denoting  presence  of  blood, 
and  appearing  in  two  minutes  if  blood  is  present  in  dilution  of  1-200000.  This 
test  is  5-10  times  more  delicate  than  the  preceding  ones. 

In  1903  Meyer^-  used  phenolphthalin  as  a  reagent  for  leucocytes.  In  the 
same  year  Utz^^  used  a  solution  of  phenolphthalin  in  sodium  carbonate  for  the 
determination  of  blood  in  legal  investigations.  In  1906  Kastle  and  Amoss^  used 
an  alkaline  solution  of  phenolphthalin  to  determine  the  oxidizing  power  of  blood 
in  health  and  disease.  They  showed  that  both  its  oxidizing  power  and  its  per- 
oxidase activity  ( its  power  to  induce  the  oxidation  of  phenolphthalin  by  hydrogen 
peroxide  in  alkaline  solution)  depended  directly  upon  its  hemoglobin  content. 
Delearde  and  A.  Benoit  in  1908  found  an  alkaline  solution  of  phenolphthalin  to 
be  more  sensitive  than  guaiac  or  aloin  as  a  reagent  for  blood. 

Phenolphthalin  is  the  colorless  compound  of  phenolphthalein  and  on  oxida- 
tion is  converted  into  phenolphthalein.  Pure  phenolphthalin  is  colorless  in  alka- 
line solutions,  but  on  adding  alkali  to  it  after  oxidation,  or  on  oxidizing  it  in 
alkaline  solution,  the  deep  purplish-red  color  of  phenolphthalein  is  produced. 
Considerable  difficulty  has  been  experienced  by  workers  in  this  field  in  the 
preparation  of  the  reagent,  but  Kastle^  says  that  by  the  following  method  phenol- 
phthalin can  be  prepared  which  is  very  stabile  if  kept  in  glass  stoppered  bottles 
in  dark  closets.  The  method  which  he  used  is  given  in  his  own  words:  "Phenol- 
phthalein is  dissolved  in  a  considerable  excess  of  30%  sodium  hydroxide  solution 
and  boiled  with  an  excess  of  zinc  dust  until  a  few  drops  of  the  .strongly  alkaline 
liquid  no  longer  give  the  color  of  phenolphthalein  after  neutralization  with 
hydrochloric  acid  and  the  addition  of  sufficient  alkali  to  give  a  slightly  alkaline 
reaction.  The  solution  is  then  decanted  from  the  excess  of  zinc  dust  and  the 
phenolphthalin  precipitated  by  acidifying  with  hydrochloric  acid.  The  substance 
is  then  collected  on  a  filter  and  purified  by  several  crystallizations  from  water 
and  alcohol  in  the  following  manner:  The  phenolphthalin  is  dissolved  in  the 
smallest  quantity  of  boiling  alcohol  in  which  it  will  dis.solve.  filtered  if  ncces.sary, 
and  cold  water  gradually  added  with  constant  stirring  until  the  compound  is 
precipitated  out  as  a  white  crystalline  precipitate.  From  three  to  five  crystal- 
lizations arc  carried  out  in  precisely  this  manner,  and  in  this  way  the  phenol- 
phthalin is  finally  obtained  in  tlie  form  of  a  white  crystalline  compound  free 
from  all  traces  of  phenolphthalein.  It  may  then  be  dried  in  the  air  at  ordinary 
temperature  or  on  the  hot  plate  or  in  the  oven  at  temperatures  ranging  from 
50°  to  80°  C.  In  handling  and  drying  the  compound  it  is  necessary  to  keep  it 
out  of  contact  with  all  metallic  surfaces,  and  also  to  prevent  access  of  dust  and 
impurities  from  the  lab  iratory." 

Phenolphthalin  can  now  be  purchased  in  the  market,  however,  thus  obviat- 
ing tlie  necessity  of  making  the  .substance  for  use  in  the  clinical  laboratory. 

The  reagent  phenolphthalin  may  be  u.sed  for  the  detection  of  blood  in  either 
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one  of  two  ways  or  both — i.  e.,  as  the  alkahne  phcnolphlhalin  or  as  the  alkaHiie 
phenolphthaHn-hydrogen  peroxide  solution. 

The  alkahne  phenolphthalin  reagent  is  prepared  as  follows  according  to 
Kastle:^  To  21  c.c.  of  N/10  sodium  hydroxide  is  added  0.032  gram  of  phenol- 
phthalin, and  then  enough  distilled  water  to  make  100  c.c.  In  the  absence  of  a 
delicate  balance  Kastle  says  that  the  following  method  may  be  followed :  1  c.c. 
of  N/10  sodium  hydroxide  is  placed  in  contact  with  somewhat  more  phenol- 
phthalin than  will  dissolve  in  it,  diluted  with  10  to  20  c.c.  of  water,  filtered  and 
then  to  the  filtrate  is  added  20  c.c.  of  N/10  sodium  hydroxide  and  enough  distilled 
water  to  make  100  c.c.  This  can  be  done  because  the  phenolphthalin  is  insoluble 
in  water  and  1  c.c.  of  N/10  sodium  hydroxide  neutralizes  exactly  0.032  gram 
of  the  reagent. 

The  alkaline  phenolphthalin-hydrogen  peroxide  reagent  is  prepared  as  fol- 
lows (Kastle^).  The  procedures  are  the  same  as  for  the  former  reagent  except 
that  in  making  all  the  solutions,  water  must  be  used  whicli  has  been  redistilled  in 
glass  vessels,  since  occasionally  small  amounts  of  copper  from  the  still  will 
produce  a  positive  reaction.  After  the  alkaline  solution  is  made  0.1  c.c.  of 
M/1  hydrogen  peroxide  is  added  before  diluting  to  100  c.c.  Tn  ordinary  prac- 
tice it  is  sufficiently  accurate  if  0.1  c.c.  of  the  3%  commercial  hydrogen  peroxide 
is  used.  This  solution,  if  kept  in  the  dark  in  glass  stoppered  bottles  at  ordinary 
temperature,  will  remain  practically  colorless  for  48  hours. 

In  clinical  practice  the  alkaline  phenolphthalin  reagent  may  be  used  and  a 
drop  of  peroxide  added  at  the  time  of  making  the  tests.  The  test  for  blood  is 
made  by  mixing  one  part  of  the  material  to  be  tested  and  two  parts  of  the 
reagent.  After  five  minutes  the  alkaline  phenolphthalin  reagent  containing 
hydrogen  peroxide  should  show  color  in  the  presence  of  ver}-  small  amounts  of 
blood. 

Kastle  was  able  by  very  careful  technic  to  detect  the  oxidizing  efifect  of 
0.000000038  gram  of  blood  in  a  total  dilution  of  3  c.c.  or  approximately  1  part  of 
blood  in  80,000,000  parts  of  water.  He  was  able  to  measure  colorimetrically  the 
oxidizing  power  of  blood  at  a  dilution  of  1  to  8.000,000  parts  of  water,  this  taking 
into  consideration  the  volume  of  the  reagent  also.  It  was  also  possible  to  detect 
8  parts  of  blood  in  1,000.000  parts  of  urine. 

However,  the  presence  of  other  organic  substances  renders  the  test  much 
less  delicate  than  this,  though  it  still  exceeds  greatly  the  sensitiveness  of  guaiac 
and  benzidine.  The  retarding  effect  can  be  partially  removed  by  utilizing  the 
fact  that  blood  pigments  are  absorbed  by  aluminum  hydroxide,  as  first  shown 
by  Rose.  Three  or  four  drops  of  thick  alumina  cream  are  mixed  with  the  sus- 
pected fluid  and  the  mixture  shaken  well,  filtered  and  the  residue  washed  with  a 
little  distilled  water.     The  residue  is  then  used  to  perform  the  test. 

Thus,  in  the  phenolphthalin  reagent  we  have  an  extremely  delicate  test  for 
blood,  and  while  there  are  many  substances  which  also  produce  the  reaction, 
their  occurrence  in  the  various  secretions  and  excretions  which  are  of  interest  to 
the  clinician  is  rather  uncommon,  at  least  in  quantities  large  enough  to  disturb 
the  results.  If  there  is  any  doubt,  it  can  very  often  be  settled  by  the  behavior  of 
the  substance  toward  both  the  reagent  containing  peroxide  and  the  one  without 
it.     Blood  has  the  power  of  oxidizing  phenolphthalin  either  in  the  presence  or 
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absence  of  hydrogen  peroxide,  while  the  other  substances  vary  in  their  activity 
toward  one  or  the  other  reagents,  none  of  them  showing  oxidizing  power  toward 
alkahne  phenolphthalin,  with  and  without  hydrogen  peroxide,  comparable  to 
blood. 

J.  Boas^*  has  recently  described  an  improvement  of  the  phenolphthalin  re- 
action for  the  demonstration  of  occult  blood  in  the  feces  and  stomach  contents. 
He  uses  a  phenolphthalin  solution  prepared  by  adding  1  gm.  of  phenolphthalin 
to  100  c.c.  of  distilled  water  in  which  25  g.  KOH  have  been  dissolved.  This  solu- 
tion which  is  not  colorless  is  then  heated  with  the  addition  of  metallic  zinc  until 
it  is  colorless,  this  procedure  usually  requiring  1-2  hours.  The  solution  is 
cooled,  brought  up  in  the  original  volume  and  filtered.  It  will  keep  for  several 
weeks. 

In  making  tests  of  feces,  a  glacial  acetic  acid-alcohol  extract  of  the  feces  is 
made,  using  a  mixture  of  5  drops  of  glacial  acetic  acid  to  15-20  g.  of  alcohol. 
Fifteen  drops  of  the  phenolphthalin  reagent  are  put  in  a  test  tube,  5-6  drops 
of  3^/(  hydrogen  peroxide,  and  2  c.c.  of  absolute  alcohol  are  added,  and  the 
mixture  shaken.  The  acetic  acid-alcohol  extract  of  the  feces  is  run  in  slowly 
along  the  side  of  the  test  tube  in  order  to  obtain  good  stratification,  and  if  blood 
is  present  in  the  feces,  a  pink  to  deep  red  ring  is  formed  at  the  line  of  contact. 
This  test  performed  in  this  manner  is  very  sensitive  for  the  examination  of  feces, 
but  if  stomach  contents  are  to  be  examined  they  must  be  extracted  with  a 
mixture  of  glacial  acetic  acid  and  ether. 

Good  results  may  be  obtained  by  testing  glacial  acetic  acid-alcohol  extracts 
of  stomach  contents  with  guaiac  tincture. 

These  are  the  most  widely  known  and  reliable  tests  for  occult  blood  that 
we  have,  and,  though  all  of  them  give  positive  reactions  with  substances  other 
than  hemoglobin,  exclusion  of  these  other  substances  which  are  known  to  give 
the  reactions  enables  us  to  say  that  in  the  presence  of  a  positive  reaction  we  are 
dealing  with  derivatives  of  blood.  This  means  careful  attention  to  the  methods 
of  obtaining  .specimens  for  examination,  accuracy  in  the  performance  of  these 
reactions,  and  intelligence  in  the  interpretation  of  results. 
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THE  TEMPERATURE  REACTIONS  IN  ANAPHYLAXIS* 


By  Maurice  1.  Smith,  M.D.,  Ann  Arbor,  Mich. 


KREHIy^  in  1895  studying  the  temperature  effects  of  different  proteins  intro- 
duced parenterally  in  animals  noticed  that  "used  animals"  responded  with 
a  greater  rise  in  temperature  than  fresh  animals,  i.e.,  animals  that  had  not  heen 
treated  with  proteins  previously. 

Vaughan  and  his  coUahorators-' "  investij^^ated  the  question  of  protein  fever 
in  its  various  phases.  They  showed  that  various  types  of  clinical  fever  curves 
can  be  produced  in  animals  by  properly  regulated  repeated  injections  of  foreign 
proteins.  Vaughan*  points  out  that  "the  effect  of  protein  injections  on  the  tem- 
perature is  more  prompt  and  marked  in  sensitized  than  in  fresh  animals." 

Pfeiffer"  found  that  animals  reinjected  with  a  sublethal  dose  of  a  foreign 
protein  to  which  they  had  been  sensitized  about  two  weeks  previously,  showed  a 
considerable  fall  of  body  temperature. 

Later  Friedberger  and  his  co-workers  further  investigated  the  question  of 
sensitization  and  its  phenomena  bearing  on  variations  of  body  temperature.  Fried- 
berger and  Mita"  showed  that  while  animals  respond  with  a  slight  rise  in  tem- 
perature on  the  subcutaneous,  intraperitoneal  or  intravenous  injection  of  foreign 
sera  in  suitable  doses,  the  reaction  is  much  more  marked  with  infinitely  smaller 
doses  if  the  animal  had  been  previously  sensitized  to  the  sera.  They  found, 
for  instance,  that  the  anaphylactic  index,  i.e.,  the  ratio  of  the  least  effective  dose 
in  non-sensitized  animals  to  the  least  effective  dose  in  sensitized  animals  may 
be  as  high  as  one  million,  if  sheep  serum  is  injected  intraperitoneally  into  guinea- 
pigs.  These  authors  express  the  belief  that  the  sensitized  animal  has  acquired  an 
enormously  increased  capacity  to  react  owing  to  antibodies  formed  during  the 
incubation  period  following  the  preliminary  injection  of  the  foreign  protein,  these 
antibodies  now  effecting  a  very  rapid  breaking  up  of  the  reintroduced  foreign 
protein  into  fever  producing  substances,  a  view  which  had  been  previously  ex- 
pressed somewhat  differently  by  Vaughan"  in  explanation  of  the  mechanism  of 
anaphylaxis.  The  above  named  authors  also  point  out  that  this  reaction  in  vivo 
is  essentially  the  same  as  that  occurring  in  vitro,  resulting  in  the  formation  of 
an  anaphylatoxin  which  is  capable  of  producing  a  rise  in  temperature  if  injected 
into  an  animal.  They  also  showed  that  there  is  an  absolute  specificity  of  the 
different  sera  in  producing  the  anaphylactic  changes  in  temperature. 

More  recently  Friedberger  and  his  co-workers-  showed  that  the  temperature 
phenomena  of  active  sensitization  are  equally  true  of  passive  sensitization,  the 
anaphylactic  interval,  i.  e.,  the  period  between  the  injection  of  the  immune  serum 
and  the  antigen,  being  very  much  shorter  in  the  latter. 

As  to  the  modus  operandi  of  the  temperature  reactions  in  anaphylaxis  there 
seems  to  be  no  satisfactory  explanation.  Friedberger  who  studied  temperature 
reactions  following  the  injection  of  various  inorganic  salts  in  normal  animals,® 
and  m  animals  sensitized  to  foreign  proteins^  finds  that  sensitization  does  not 
affect  the  animal  in  responding  to  the  injection  of  salts,  apparently  the  two  phe- 
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nomena  being  of  a  different  nature.  Tiiis  author  suggests  that  in  anaphylactic 
fever  there  is  usually  a  cutaneous  vasoconstriction,  the  blood  being  thereby  di- 
verted to  the  internal  organs  with  consequent  lessened  dissipation  of  body  heat. 
Whether  this  is  the  sole  factor  in  the  production  of  fever,  or  whether  there  is  also 
increased  heat  formation  by  either  a  direct  action  on  the  heat  centers,  or  in- 
directly by  increased  metabolism,  owing  to  augmented  movements  of  various 
smooth  muscle  tissues,  which  have  been  show^n  to  occur  in  anaphylactic  reactions, 
remains  an  open  question. 

In  favor  of  the  assumed  decrease  of  heat  loss  which  may  at  least  partly 
account  for  the  rise  in  temperature,  speak  the  researches  of  Pearce  and  Eisen- 
bray^'^  who  studied  the  mechanism  of  anaphylactic  shock  produced  by  the  rein- 
jection  of  horse  serum  in  dogs,  and  Edmunds^^  who  investigated  the  same  prob- 
lem on  the  injection  of  Vaughan's  "casein  poison"  in  dogs.  These  authors  find 
a  fall  in  blood  pressure  due  to  a  peripheral  paralysis  of  the  splanchnic  vessels, 
which  with  the  assumed  constriction  of  the  cutaneous  vessels  would  be  very 
effective  in  conserving  body  heat. 

Hashimoto"^-  injected  the  antigen  in  sensitized  animals  intracerebrally  or 
directly  into  the  "heat  center"  and  finds  that  a  very  much  smaller  dose  of 
antigen  when  thus  applied  locally  is  effective  in  producing  the  temperature  changes 
than  when  injected  intravenously.  From  this  he  concludes  that  the  action  of  the 
antigen  in  producing  fever  is  on  the  heat  centers,  the  exact  mechanism,  however, 
being  obscure. 

This  research  was  undertaken  with  a  view  of  ascertaining  if  possible  the 
more  immediate  causes  responsible  for  the  temperature  changes  observed  in 
anaphylactic  animals.  We  are  not  concerned  with  the  remote  causes.  In  other 
words,  the  purpose  of  this  research  is  not  to  investigate  the  mechanism  of  ana- 
phylaxis, but  rather  to  learn  more  definitely  the  mechanism  that  causes  the 
anaphylactic  temperature  changes.  Is  the  anaphylactic  rise  in  temperature  due 
to  increased  metabolism,  or  is  it  the  result  of  lessened  heat  dissipation?  Is  this 
fever  comparable  with  neurogenic  fever,  or  is  it  more  in  the  nature  of  true  in- 
fectious fever?  What  relation  do  such  drugs  as  are  generally  held  to  depress  the 
sensitiveness  of  the  heat  centers  bear  to  this  type  of  fever?  It  is  questions  of 
this  character  that  an  attempt  is  made  to  answer. 

Rabbits  were  used  through  this  work.  A  prcliniinar>-  scries  of  experiments 
were  performed  to  establish  a  definite  procedure  l)y  which  febrile  reactions  could 
be  invariajjly  elicited.  The  method  finally  adopted  consists  in  the  sensitization 
of  the  animal  with  two  cubic  centimeters  of  beef  .serum  injected  subcutancou.sly, 
allowing  an  incubation  period  of  at  least  two  weeks,  and  then  reinjecting  the 
animal  with  onc-tcnth  cubic  centimeter  of  beef  serum,  dilulod  with  sterile  nor- 
mal salt  .solution  to  one  cubic  centimeter,  into  one  of  the  oar  veins.  This  pro- 
cedure never  fails  to  elicit  a  rise  in  temperature  of  about  one  degree  Centigrade 
or  over  within  about  two  hours  of  the  injection.  The  temperature  generally  re- 
turns to  normal  in  aljout  four  to  five  hours  subsequent  to  the  injection.  A  second 
rise  in  temperature  may  generally  be  elicited  in  the  same  animal  on  the  same 
day  or  on  the  following  day  by  a  repeated  injection  of  the  antigen.  Smaller 
doses  of  the  antigen,  e.g.,  one-hundredth  cubic  centimeter  injected  into  sensitized 
animals,  are  just  as  certain  in  producing  a  ri.se  in  temperature,  although  generally 
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not  quite  so  high.  Smaller  closes  than  the  last  named  are  not  certain  in  rabbits. 
If  on  the  other  hand  larger  doses  are  given,  e.g.,  half  to  one  cubic  centimeter,  the 
animal  may  actually  show  a  subnormal  temperature  associated  with  more  or  less 
marked  symptoms  of  anaphylactic  shock,  depending  on  the  size  of  the  dose. 
Two  cubic  centimeters  of  beef  serum  injected  intravenously  into  sensitized  rab- 
bits results  in  acute  anaphylactic  death,  according  to  Schiirer  and  Strasmann.^'' 
The  temperatures  were  always  taken  per  rectum,  the  thermometer  being  intro- 
duced a  distance  of  6  cm.  It  is  needless  to  say  that  with  each  series  of  experi- 
ments a  sufficient  number  of  controls  were  carried  out  simultaneously. 

temperature;  reactions  in  sensitized  animals  with  transected  cord. 

Freund  and  his  collaborators^''  ^*  showed  that  by  transecting  the  spinal  cord 
at  different  levels  one  could  exclude  the  chemical  or  metabolic  factor  on  the  one 
hand,  or  the  physical  factors  on  the  other,  involved  in  thermo-regulation.  They 
showed  that  dividing  the  rabbit's  cord  in  the  thoracic  region  results  merely  in  a 
physical  disturbance  of  heat  regulation.  If  such  an  animal  is  subjected  to  a  low 
external  temperature  there  is  more  loss  of  heat  than  can  be  compensated  for  by 
the  increased  metabolism,  which  actually  takes  place  under  the  circumstances. 
Such  an  animal  does,  however,  maintain  its  body  temperature  within  wide  limits 
of  external  temperature  (8°  to  30°  C).  If  the  cord  is  divided  in  the  cervical 
region  the  animal  becomes  poikilothermic,  according  to  these  investigators.  Both 
the  chemical  as  well  as  the  physical  factor  in  thermo-reguiation  are  disturbed  and 
the  animal  is  entirely  dependent  upon  its  surrounding  temperature.  It  was 
thought,  therefore,  that  the  reaction  of  sensitized  animals  with  transected  cord 
to  the  reinjected  antigen  might  give,  if  not  final  proof,  at  least  a  suggestion  as  to 
the  nature  of  the  anaphylactic  febrile  reaction. 

Sensitized  rabbits  were*  lightly  anesthetized  with  ether  and  under  aseptic 
precautions  had  their  spinal  cords  transected  at  definite  levels.  After  the  oper- 
ation the  animals  were  properly  cared  for,  were  kept  warm  at  fairly  constant 
room  temperature  (20° -22°  C),  and  were  under  observation  for  from  24  to  48 
hours  before  the  effects  of  the  reinjected  antigen  were  studied. 

It  may  be  observed  on  passing  that  the  animals  w-ith  severed  cord  below 
the  cervical  region  recovered  from  the  operation  shortly  and  appeared  quite 
normal  thereafter,  except  for  the  paralysis  of  the  hind  legs,  .bladder  and  the 
sphincters. 

The  protocols  of  the  experiments  are  detailed  below. 

Hxp.  17.    Rabbit,  sensitised  Dec.  6,  1915. 

Dec.  29,  12  m.        Temp.  39.1     Ether.     Transected   cord   at  thc'racico-lumbar   region. 
Dec.  30,     1  p.  M.  Temp.  38.7     Injected   0.1   c.c.   beef   serum  intravenously. 


2     " 

a 

38.6 

4     " 
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8     " 
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1   p.    M. 
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4     " 
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Injected   0.05   c.c.  beef   serum   intravenously. 


Dec.  30,  10  A.  M. 
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Bxp.  20.    Rabbit,  sensitized  Dec.  7,  1913. 

Dec.  29,     2  p.  ji.  Temp.  39.1     Ether.     Transected  cord  at  thoracico-lumbar  region. 

Injected  0.1   c.c.  beef  serum  intravenously. 


Injected  0.2  c.c.  beef  serum  intravenously. 


Exp.  22.  Rabbit,  sensitised  Dec.  9,  1915. 

Dec.  29,     3  p.  m.  Temp.  39.3     Ether.     Transected  cord  at  thoracico-lumbar  region. 
Dec.  30,     1      "  "      S9.1     Injected  0.1  c.c.  beef  serum  intravenously. 

4  "  "      38.6 

5  "  "      38.4 
8      "  "      38.4 

Exp.  24.     Rabbit,  sensitized  Dec.   11,  1915. 

Jan.     3,     4  p.  m.  Temp.  39.1     Ether.    Transected  cord  at  thoracico-lumbar  region. 
Tan.     4.  10  a.  m.       "      38.2 

12  M.  "       37.9     Injected  0.02  c.c.  beef  serum  intravenously. 

2  p.  m.        "       37.9     Injected  0.1  c.c.  beef  serum  intravenously. 
4     "  "       37.0 

Exp.  25.     Rabbit,  sensitised  Dec.  9,  1913. 

Jan.     5,     2  p.  m:.  Temp.  39.1     Ether.     Transected  cord  at  6th  thoracic. 
Tan.     7,  10  a.  m.       "      30.9 

11  •■  "      31.0 

2  p.  M.        "       30.8     Injected  0.01  c.c.  beef  serum  intravenously. 

4  "  "      29.6 

Exp.  26.     Rabbit,  sensitized  Dec.  11,  1915. 

Jan.     3,     3  p.  m.     Ether.     Transected  cord  at  2d  lumbar. 

Jan.     4,     2  p.  m.  Temp.  38.9     Injected  0.1  c.c.  beef  serum  intravenously. 

5  "  "      39.1 

Jan.     5,  10  A.  M.       ■'      38.9     Injected  0.05  c.c.  beef  serum  intravenously. 

12  M.  "      39.7 
2  p.  m.        "       40.0 

Exp.  27.    Rabbit,  sensitised  Dec.  11,  1913. 

Jan.     3,    4  p.  m.  Temp.  39.1     Ether.     Transected   cord   at    1st  lumbar. 
Jan.     4,  12  m.  "      38.9     Injected  0.02  c.c.  beef  scrum  intravenously. 

2  p.  M.        "      39.4     Injected  0.1  c.c.  beef  serum  intravenously. 

5      "  "      39.6 

8     "  "      40.3 

Exp.  28.    Rabbit,  sensitised  Dec.  11,  1915- 

Jan.     5,     2  p.  m.  Temp.  39.2     Ether.     Transected  cord  at  8tli   thoracic. 
Jan.     7,  11  A.  M.       "      27.3 

2  p.  m.        "       27.5     Injected  0.01  c.c.  beef  serum  intravenously. 

4      '•  "      27.0 

8     "  "      27.8 

Summarizing  the  rc.>^ults  of  the  aliove  experiments  it  wcnild  seem  that  de- 
priving? the  animal  of  its  physieal  forees  normally  concerned  in  thermo-regidation. 
as  is  done  by  transecting  the  cord  in  the  thoracic  region,  is  sufficient  to  render 
the  animal  unable  to  develop  fever  under  the  influence  of  the  antigen,  if  it  is 
assumed  that  the  efTect  of  the  antigen  in  producing  a  febrile  reaction  is  in  the 
nature  of  stimulation  of  the  higher  vasomotor  centers.     Two  experiments,  not 
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recorded,  in  which  the  cervical  cord  was  severed  showed  essentially  the  same 
results  as  those  obtained  from  the  division  of  the  thoracic  cord,  viz.,  absence  of 
febrile  reaction  from  the  antigen,  but  a  reduction  of  temperature.  It  is  there- 
fore unnecessar}^  to  assume  augmented  metabolism  to  be  the  cause  of  anaphylac- 
tic fever,  although  it  may  act  as  a  contributory  factor.  Incidentally,  the  results 
obtained  here  are  in  accordance  with  the  work  of  Nebelthau,  who  was  unable  to 
produce  infectious  fever  in  rabbits  whose  cords  were  divided  in  the  cervical 
region. 

The  fall  in  temperature  in  some  of  the  cited  experiments  must  be  regarded 
in  the  same  light  as  the  reduction  in  temperature  following  the  rcinjection  of 
relatively  large  quantities  of  the  antigen  in  normal  sensitized  animals.  It  must 
be  looked  upon  as  a  manifestation  of  collapse,  resulting  probably  from  anaphy- 
lactic shock  of  greater  or  less  severity.  Why  animals  with  divided  cords  should 
be  so  much  more  susceptible  to  the  antigen  than  normal  animals  is  not  clear, 
and  must  be  the  subject  of  further  investigation. 

EFFECT  OF  MORPHINE  ON   ANAPHYI^ACTIC    FEVER. 

It  is  generally  held  that  morphine  in  small  doses  lessens  the  sensitiveness  of 
the  heat  centers.  Stern'*'  found  that  tetrahydro-^-naphthylamin  is  ineffective  in 
producing  fever  after  morphine.  Hashimoto^"  has  recently  come  to  a  similar 
conclusion  by  an  even  more  direct  method.  He  found  that  morphine  given  in 
doses  of  9  to  14  mgm.  per  kilo,  subcutaneously  to  rabbits  with  "heat  puncture" 
fever  lowers  the  temperature  of  the  animal,  and  heating  or  cooling  of  the  cen- 
ters is  without  effect.  It.  was  thought  interesting  to  see  what  effect  morphine 
would  have  on  anaphylactic  fever.  A  number  of  rabbits  were  sensitized  on 
January  19  with  two  cubic  centimeters  of  beef  serum  subcutaneously.  During 
February  8  and  9  these  animals  were  tested  with  the  antigen  injected  intra- 
venously. Morphine  sulphate  was  injected  in  doses  of  from  3  to  5  mgm.  per 
kilo,  subcutaneously  about  15  minutes  previously  to  the  reinjection  of  the  antigen, 
to  allow  sufficient  time  for  the  drug  to  depress  the  heat  centers.  In  ever}-  case 
was  there  a  definite  fall  in  temperature,  as  it  appears  from  the  table,  developing 
to  a  maximum  within  about  two  hours  and  returning  to  normal  within  about  four 
hours  of  the  injection  of  the  antigen.  If  after  the  temperature  returned  to  nor- 
mal a  second  injection  of  antigen  was  made  without  morphine,  a  typical  rise  in 
temperature  followed,  exactly  the  same  as  in  the  controls.  If  however  a  second 
injection  of  antigen  was  preceded  by  one  of  morphine,  a  fall  in  temperature  again 
occurred.  No  symptoms  whatever  could  be  detected  from  the  morphine,  and 
normal  animals  treated  with  like  doses  of  the  drug  showed  no  effects  whatever 
on  their  body  temperature. 

TABLE   SHOWING  THE  EFFECT  OF   MORPHINE   SULPHATE  ON   ANAPHYLACTIC    FEVER. 

Temperature  changes. 

-1.0 
-0.6 
-0.5 
-0.5 
-0.6 
-0.6 
-0.2 


.  No. 

Morphine  sulph. 

Beef 

serum 

mgm.  per  kilo. 

in 

c.c. 

30 

5 

0.1 

31 

5 

0.1 

32 

3 

0.1 

33 

3 

0.1 

34 

3 

0.01 

35 

3 

0.01 

37 

5 

0.01 
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It  is  evident  therefore  that  morphine  not  only  completely  prevents  the  ana- 
phylactic rise  in  temperature,  but  actually  causes  the  reinjected  antigen  to  lessen 
body  temperature  in  sensitized  animals,  and  produces  a  condition  analogous  to 
that  obtained  by  separating  the  higher  centers  from  the  spinal  cord. 

It  is  noteworthy  that  the  failure  to  obtain  a  rise  in  .temperature  from  the 
reinjection  of  the  antigen  after  morphine  is  parallel  to  the  findings  of  Mendel- 
son^^  who  was  unable  to  produce  fever  in  dogs  through  pus  injections  when  the 
animals  were  under  the  influence  of  morphine. 

GLYCOGEN    CONTEXT    AND    ANAPHYLACTIC    FEVER. 

It  is  a  well  recognized  fact  that  experimental  fever  may  be  induced  in  ani- 
mals by  the  "heat  puncture"  operation  of  Aronsohn  and  Sachs, ^^  whereby  the 
corpora  striata  are  injured.  This  type  of  experimental  fever  has  been  the  sub- 
ject of  a  great  deal  of  investigation.  Rolly-°  studied  the  problem  of  "heat  punc- 
ture" fever  with  relation  to  the  glycogen  content  of  the  liver  and  muscles,  and 
he  was  able  to  show  that  the  temperature  of  animals  whose  livers  were  freed 
from  glycogen  were  unaffected  by  the  operation  of  "heat  puncture."  He  fur- 
thermore showed  that  infectious  fever  could  be  induced  in  animals  irrespective 
of  their  glycogen  content.  There  is  thus  a  vast  difference  between  infectious 
fever  and  "heat  puncture"  fever,  or  as  it  is  termed  neurogenic  fever.  Lusk'-^ 
states :  "The  rise  in  temperature  after  puncture  of  the  corpora  striata  ...  is 
like  the  glycosuria  following  Claude  Bernard's  puncture,  in  that  its  mechanism 
is  no  more  invoked  in  true  infectious  fever  than  are  the  nerve  centers  in  diabetes 
mellitus." 

The  following  experiments  were  undertaken  to  see  what  relationship  there 
is  between  the  febrile  reactions  in  anaphylactic  animals  and  their  glycogen  con- 
tent. Rabbits  were  sensitized  in  the  usual  manner,  and  after  a  sufficiently  long 
incubation  period  they  were  made  to  fast  for  several  days,  and  were  subjected 
to  strychnine  convulsions  for  about  two  hours.  After  complete  recover}\  the 
animals  were  tested  with  the  antigen  to  see  whether  they  could  still  develop 
fever  or  not.  At  the  completion  of  the  test  the  animals  were  killed  by  a  blow 
on  the  head,  the  liver  and  the  muscles  of  the  hind  leg  were  immediately  removed, 
weighed,  and  their  glycogen  content  (|uantitatively  determined  according  to  the 
method  described  by  PfJiiger.-- 

Thc  method  is  briefly  as  follows:  The  tissues  after  having  been  rcmi>\eti 
from  the  animal  and  weighed  are  transferred  into  a  casscrol  containing  boiling 
1.7%  KOH.  This  is  kept  boiling  for  half  an  hour,  or  until  the  tis.sues  are  thor- 
oughly digested.  The  whole  amount  or  an  aliquot  portion  thereof  is  neutralized 
with  HCl.  and  Hgl._,  in  diUite  HCl  is  added  as  long  as  any  precipitate  continues 
to  form.  This  is  now  filtered  and  washed.  To  the  filterate  two  volumes  of  %% 
alcoliol  are  added,  and  the  glycogen  is  allowed  to  separate  out  over  night.  The 
precipitate  should  be  redisst)lved  in  15'/r  KHO.  reprecipitated  with  Hgl.,  in  HCl. 
filtered  and  washed,  and  the  filtrate  treated  with  alcohol,  as  above.  Cienerally 
this  is  quite  sufficient,  but  if  there  is  any  reason  to  suppose  that  not  all  the 
glycogen  was  washed  out,  the  same  prtK^edure  may  be  repeated  a  third  time.  On 
the  following  day  all  the  filtrates  containing  the  glycogen  are  filtered,  the  glycogen 
transferred  to  the  filter  paper,  washed  with  alcohol,  then  with  ether,  and  dried 
at  98°-100°  C.  to  a  constant  weight. 
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Exp.  38.    Rabbit,  1.82  kilo.    Sensitized  Jan.  19. 

Feb.     7,  fasting  begun. 

Feb.    9,  convulsions  induced  by  the  repeated  injections  of  strychnine  sulph.  in  0.2 

mgm.  doses  given  subcutaneously  every  10  min.     Convulsions  were  kept 

up  about  two  hours.    Fasting  continued. 
Feb.  12,    9  A.  M.  Temp.  38.8     Injected  0.1  c.c.  beef  serum  intravenously. 

10  "  "      39.3 

11  "  "      40.1 
2  p.  M.       "      39.3 

The  animal  was  then  killed,  liver  weighed  35  gm.,  muscles  removed  weighed  60  gm. 
Feb.  13,  glycogen  determined : 

1.  Muscles  0.03% 

2.  Liver  0.45% 

Exp.  sg.    Rabbit,  1.52  kilo.    Sensitised  Jan.  ig. 

Feb.     7,  fasting  begun. 

Feb.  10,  strychnine  convulsions  lasting  about  two  hours. 
Feb.  11,  10  A.  M.  Temp.  38.8     Injected  0.2  c.c.  beef  serum  intravenously. 
11     "  "      38.8 

2  p.  M.       "       39.9 

Animal  killed.    Liver  weighed  32  gm.,  40  gm.  of  muscles  removed. 
Feb.  12,  glycogen  determined : 

1.  Muscles  Trace 

2.  Liver  0.075% 

Exp.  42.    Rabbit,  i.g2  kilo.    Sensitised  Jan.  ig. 
Feb.    8,  fasting  begun. 

Feb.  12,  strychnine  convulsions  lasting  about  two  hours. 
Feb.  16,    9  A.  M.  Temp.  38.7     Injected  0.1   c.c.  beef  serum  intravenously. 
11      "  "      39.3 

1  p.  M.       "      39.6 

3  "  "      39.0 

Animal  was  killed.    Liver  weighed  36  gm.    Muscles  removed  weighed  60  gm. 
Feb.  17,  glycogen  determined : 

'  1.     Muscles  0.037o 

2.     Liver  0.2% 

A  survey  of  the  outlined  experiments  shows  that  the  rise  in  temperature  in 
sensitized  animals  following  the  injection  of  the  antigen  is  independent  of  the 
glycogen  metabolism,  for  the  promptness  of  the  febrile  reaction  and  the  height 
it  reached  in  these  animals  in  which  the  glycogen  content  was  reduced  to  a  mini- 
mum amount  compared  with  those  of  normal  animals  with  normal  glycogen  con- 
tent. It  was  not  possible,  however,  in  these  experiments  to  reduce  the  glycogen 
to  zero,  probably  because  during  the  period  of  rest  following  the  strychnine  con- 
vulsions small  amounts  of  glycogen  such  as  have  been  found  might  have  been 
formed  from  the  animal's  own  proteins  which  it  metabolized.  A  different  method 
was  therefore  resorted  to  in  the  hope  of  eliminating  all  traces  of  glycogen. 

Sansum  and  Woodyatt^^  have  shown  that  fasting  dogs  are  most  effectively 
deglycogenized  by  phlorizinization  and  subcutaneous  administration  of  epine- 
phrin  at  three  hour  intervals  until  the  D  :N  ratio  reaches  a  constant  figure,  or 
until  the  glycosuria  is  no  more  affected.  This  method  was  applied  to  rabbits  that 
had  been  sensitized  previously  to  beef  serum.  Upon  the  completion  of  the  ex- 
periments the  animals  were  killed,  and  the  liver  and  muscles  were  examined  for 
glycogen. 
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Exp.  47.    Rabbit.    Sensitized  June  26. 
July  10,  fasting  begun. 

11,  phlorizin  and  epinephrin  treatment  begun. 

15,  7  A.  M.  Temp.    38.8     Injected  0.1  c.c.  -beef  serum  intravenously. 

9  "  ••       40.0 
■     11      "  "      39.6 

The  animal  was  then  killed.  No  ghcogen  was  found  in  the  muscles,  and  a  mere  trace 
in  the  liver. 

Bxp.  48.    Rabbit.    Sensitized  June  26. 

July  10,  fasting  begun. 

July  14,  phlorizin  and  epinephrin  treatment  begun. 

17,  10  A.  M.  Temp.   39.2     Injected  0.1   c.c.  beef  serum  intrav-enously. 
12  M.  "         39.9 

2  p.  M.     "        39.2 

No  glycogen  was  found  in  either  muscles  or  liver. 

Bxp.  51.    Rabbit.    Sensitized  June  2g. 
July  17,  fasting  begun. 

19,  phlorizinization  begun. 

21,  10  a.  M.  Temp.  39.3     Injected  0.2  c.c.  beef  serum  intravenously. 
12  M.  "      40.1 

3  p.  M.      •'       40.3 

4  "  "      39.4 

No  glycogen  was  found  in  the  muscles.    The  liver  weighed  2)Z  grams,  and  contained 
0.1%  glycogen. 

Bxp.  52.    Rabbit.    Sensitised  June  2g. 
July  17,  fasting  begun. 

19,  phlorizinization  begun. 

21,  10  A.  M.  Temp. 38.8     Injected  0.2  c.c.  beef  serum  intravenously. 
12  M.  "      40.3 

1  p.  M.      "       40.7 
3      "  "      40.5 

No  glycogen  was  found  in  the  muscles.    The  liver  weighing  38  grams  contained  0.04% 
glycogen. 

Bxp.  53.    Rabbit.    Sensitized  June  2g.    ' 

July  17,  fasting  begun. 

21,  phlorizinization  begun. 

24,    8  A.M.  Temp. 39.1     Injected  0.2  c.c.  beef  scrum  intravenously. 

10  "  "      39.5 
12  M.  "      40.1 

2  p.  M.      "      39.9     No   glycogen    was    found    in    tlio   nui.sclcs.      The   liver 

weighed  40  grams,  and  contained  0.17%  glycogen. 

Bxp.  54.     Rabbit.     Sensitized  June  2g. 
July  17,  fasting  begun. 

21,  phlorizinization  begun. 

24,    8  A.  M.  Temp.  39.1     Injected  0.2  c.c.  beef  serum  intravenously. 
11      "  "       39.9 

2  p.  M.      "      39.1    No  glycogen  was  found  in  the  muscles,  and  but  a  mere 

trace  in  the  liver. 

These  experiments  show  quite  conclusively  that  tlie  anapliylactic  rise  in  tem- 
perature has  noiliing  whatever  to  do  with  the  glycogen  metabolism,  atid  that  it 
is  of  an  entirely  different  nature  from  neurogenic  fever. 

The  relation  of  anaphylactic   fever  to  the  glycogen  content  of  tiie  animal. 
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its  relation  to  morphine,  a  drug  that  depresses  the  sensitiveness  of  the  heat 
centers,  and  finally  its  relation  to  the  transection  of  the  spinal  cord,  as  pointed 
out  earlier  in  the  paper,  make  it  at  least  highly  probable  that  it  is  of  the  same 
nature  as  true  infectious  fever. 
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THE  BEHAVIOR  OF  CERTAIN  NITROGENOUS  METABOLITES  IN 

THE  BLOOD  IN  NEPHRITIS* 


By  Howard  T.  Karsner,  M.D.,  Cleveland,  Ohio. 


A  LTHOUGH  it  has  been  known  since  1836  that  Bright's  disease  is  accom- 
^  ^  panied  by  an  accumulation  of  urea  in  the  blood  yet  it  is  only  within  the 
past  few  years  that  the  subject  has  been  studied  intensively,  the  stimulus  having 
been  furnished  by  the  development  of  methods  for  the  determination  of  various 
nitrogenous  bodies  in  small  amounts  of  blood.  Thanks  for  this  service  are  due 
especially  to  Folin,  Denis,  Benedict,  Marshall  and  Van  Slyke.  The  purpose  of 
this  article  is  to  summarize  the  numerous  studies  which  have  appeared  on  this 
general  subject  from  clinics  and  laboratories  more  particularly  in  this  country. 
Following  a  consideration  of  the  results  of  certain  studies  on  experimental  ani- 
mals, the  clinical  work  will  be  reviewed  and  correlated  as  far  as  possible  with 
the  symptomatology  of  Bright's  disease.  The  particular  metabolites  dealt  with 
m  this  review  are  the  total  non-protein  nitrogen,  urea,  creatinin  and  uric  acid. 
The  reason  for  omission  of  a  consideration  of  the  ammonia,  amino-acids  and 
undetermined  nitrogen  is  that  these  substances,  owing  to  difficulty  in  the  methods, 
have  not  received  very  full  study. 

*From   the   Department   of   Pathology  of   the   Medical    School    of   Western   Reserve   University. 
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In  experimental  studies  two  methods  of  attack  have  been  employed,  opera- 
tive reduction  of  the  amount  of  renal  tissue  and  the  use  of  various  poisons  or 
nephrotoxic  agents  to  produce  different  forms  of  nephritis.  Removal  of  one 
kidney  from  an  animal  leads  to  a  slight  accumulation  of  nitrogenous  metabolites 
in  the  blood,  which  lasts  for  less  than  twenty-four  hours.  Removal  of  one  kidney 
and  half  its  fellow  (three- fourths  of  the  entire  kidney  substance)  leads  to  a 
moderate  accumulation  which  disappears  in  less  than  three  days.  Removal  of 
both  kidneys  leads  to  a  progressive  accumulation  which  when  plotted  out  yields 
a  practically  straight  line  of  increase,  the  animal  dying  in  three  to  four  days. 
How  much  of  this  accumulation  is  due  to  the  fault  in  excretion  and  how  much 
is  due  to  altered  metabolism,  particularly  increased  protein  catabolism,  is  not 
known.  That  the  latter  process  is  of  some  importance  in  nephritis  can  hardly 
be  doubted. 

The  nephrotoxic  agent  which  has  received  the  most  careful  study  is  uranium, 
used  either  as  the  acetate  or  nitrate.  Studies  of  dog,  cat  and  rabbit  have  re- 
peatedly shown  very  material  accumulation  of  total  non-protein  nitrogen  and  of 
the  urea  nitrogen.  Other  forms  of  experimental  acute  nephritis  studied  less  ex- 
tensively are  those  produced  by  chromate,  cantharadin,  diphtheria  toxin,  specific 
hemolytic  immune  serum,  arsenic  and  tartaric  acid.  Such  experimental  studies 
are  difficult  of  interpretation  because  of  the  impossibility  of  producing  a  pure 
glomerular  or  pure  tubular  nephritis,  as  well  as  the  fact  that  other  organs  are 
simultaneously  attacked  by  the  poisons.  The  opinion  of  the  writer  is  that  al- 
though undoubtedly  the  forms  showing  predominant  involvement  of  the 
glomeruli  may  lead  to  very  considerable  accumulations  of  nitrogenous  metabo- 
lites, yet  on  the  whole  the  anatomical  involvement  of  the  tubular  epithelium  is  dis- 
tinctly of  more  significance  from  the  point  of  view  of  functional  disturbance. 
If  such  studies  as  these  have  failed  to  reveal  much  of  fundamental  importance 
yet  they  have  served  to  blaze  the  way  for  the  utilization  of  essentially  the  same 
methods  for  the  study  of  human  nephritis. 

At  the  outset  of  the  consideration  of  human  nephritis  it  nnist  be  borne  in 
mind  that  most  of  the  studies  have  been  made  on  cases,  the  diagnoses  of  which 
have  not  been  controlled  by  post-mortem  study  of  the  kidneys.  This  is  a  fault 
which  can  be  corrected  only  by  many  years  of  detailed  study  of  cases  both 
clinically  and  pathologically  and  will  be  mucb  aided  by  co-operative  simi^lifica- 
tion  of  classification  by  pathologists  and  clinicians.  Chemical  studies  have  been 
almost  entirely  confined  to  chronic  nephritis  of  the  type  commonly  called  inter- 
stitial, rather  than  the  acute  forms  of  the  disease.  With  the  best  technic  it  is 
difiicult  to  believe  that  there  is  much  jiossibility  of  \ery  intimati"  correlation  be- 
tween morphological  lesion  and  functional  disturbance,  especially  in  view  of  the 
fact  that  carefully  contrcMled  experimental  work  has  failed  to  yield  much  in- 
formation. Although  from  the  point  of  \  iew  of  evolution  ;iiid  embiyology  the 
kidney  is  a  duplex  organ  made  of  glomeruli  and  tubules  yet  th  •  human  kidney 
appears  to  operate  functionally  as  a  unit,  disturbance  of  one  constituent  of  which 
is  invariably  accompanied  by  greater  or  less  disturltance  of  the  remaining  con- 
stituents. 

It  can  safely  be  said  that  tiie  jn-esence  of  r.righl's  disease  leads  sixMier  or 
later  to  an  accmnulation  of  the  total  non-protein  nitrogen  of  the  blood  and  that  as 
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a  rule  the  urea  fracliuu  shares  in  the  accumulation.  Indeed  the  latter  usually 
shows  a  considerably  greater  percentage  increase  than  the  former.  It  must  be 
remembered,  however,  that  this  rule  is  not  witlKJUt  exception  and  cases  of 
nephritis  may  be  well  recognizable  by  ordinary  clinical  study  and  fail  to  show 
increase  of  non-protein  nitrogen  of  the  blood.  Factors  of  considerable  import- 
ance in  the  estimation  are  the  nitrogen  and  water  intake,  for  it  has  been  shown 
that  increase  or  decrease  of  nitrogen  in  the  diet  will  similarly  affect  the  blood  of 
nephritics  and  in  the  same  way  "dehydration"  will  increase  and  marked  "hydra- 
tion" decrease  the  relative  amount  of  nitrogenous  metabolites  in  the  blood. 

Creatinin,  although  readily  excreted  by  the  kidney  under  normal  conditions, 
may  show  considerable  increase  in  the  blood  of  nephritics  although  with  not 
such  great  constancy  as  the  total  nitrogen  or  the  urea.  This  fact,  however,  would 
impress  one  with  the  probable  prognostic  significance  of  a  distinct  increase  of 
this  easily  soluble  and  readily  excreted  body.  On  the  other  hand  the  relative 
insolubility  of  uric  acid  and  its  corresponding  difficulty  of  excretion  are  reflected 
according  to  the  work  of  V.  C.  Myers  in  an  accumulation  of  this  body  early  in 
the  course  of  certain  types  of  nephritis.  In  fact  it  is  stated  that  "as  the  per- 
meability of  the  kidney  is  lowered,  in  the  type  of  cases  studied,  it  becomes  ap- 
parent first  by  a  retention  of  uric  acid,  later  by  that  of  urea,  and  lastly,  by 
creatinin,  producing  a  'staircase  effect.'  " 

The  accumulation  of  nitrogenous  metabolites  is  not  confined  to  the  blood,, 
for  the  other  tissues  of  the  body  with  the  exception  of  the  urinary  tract  show 
a  marked  uniformity  of  distribution  of   urea,   creatinin  and   uric   acid. 

The  striking  manifestations  of  chronic  nephritis,  in  addition  to  disturbances 
of  water  output,  albuminuria  and  cylindruria,  are  edema,  hypertension,  retinitis, 
acidosis  and  uremia.  Albuminuria  and  cylindruria  are  probably  dependent  upon 
factors  other  than  general  metabolic  disturbance  and  are  not  to  be  correlated  with 
accumulation  of  nitrogenous  metabolites  in  the  blood.  Water  excretion,  how- 
ever, varies  very  much  and  in  those  cases  where  so-called  fixation  of  urinary 
specific  gravity  appears,  the  amount  of  non-protein  nitrogen  per  100  c.c.  of 
blood  may  vary  considerably  with  the  water  intake.  On  the  other  hand  a  large 
intake  and  output  of  water  tends  to  reduce  accumulations  of  non-protein  nitrogen 
in  the  blood,  particularly  where  this  is  accompanied  by  a  low  protein  diet.  In 
so  far  as  blood  pressure  is  concerned  it  is  well  known  that  although  hypertension 
is  frequently  accompanied  by  accumulations  of  non-protein  nitrogen  this  is  not 
always  the  case.  In  fact  a  case  which  shows  such  accumulation  may,  by  regula- 
tion of  the  diet,  exhibit  a  normal  blood  content  of  non-protein  nitrogen  without 
altering  the  level  of  blood  pressure.  Conversely  a  high  protein  diet  is  not 
necessarily  folloAved  by  an  increase  in  blood  pressure. 

Few  studies  have  been  directed  toward  the  relation  between  albuminuric 
retinitis  and  non-protein  nitrogen  of  the  blood.  What  data  have  been  accumu- 
lated point  to  an  absence  of  any  such  relation. 

Acidosis  appears  in  the  course  of  nephritis  but  is  an  almost  constant  con- 
comitant of  uremia.  Hence,  while  in  the  earlier  stages  of  nephritis,  acidosis  is 
unusual  and  nitrogen  accumulation  in  some  form  or  other  fairly  common,  when 
uremia  appears  the  acidosis  is  almost  constant  and  occasional  cases  appear  in 
which  accumulation  of  nitrogen  cannot  be  demonstrated.     It  can  easily  be  seen 
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that  there  is  no  parallelism  between  the  degree  of  acidosis  and  of  non-protein 
nitrogen  accumulation  in  any  stage  of  nephritis  except  in  uremia  and  even  in 
that  condition  wide  variations  may  be  found. 

In  connection  with  non-protein  nitrogen  accumulations  the  subject  of  edema 
can  be  dismissed  quickly  as  having  no  especial  bearing,  being  related  rather  to 
the  regulation  of  salt  balance  in  the  body  than  directly  to  nitrogenous  metabolism. 

For  years  there  have  been  many  tests  applied  to  indicate  the  functional 
capacity  of  the  kidney  but  at  the  present  time  the  phthalein  test  of  Rovvntree  and 
Geraghty  seems  to  be  the  most  satisfactory  of  the  simpler  methods.  Examina- 
tions of  the  relation  of  this  test  to  non-protein  nitrogen  accumulation  have- been 
numerous  on  the  basis  of  both  clinical  and  experimental  material.  Although 
clinically  exceptional  cases  are  occasionally  reported,  it  is  the  general  experience 
that  a  diminution  of  phthalein  output  is  accompanied  by  an  increase  of  non- 
protein nitrogen  in  the  blood  and  that  these  alterations  are  inversely  proportional. 
This  rule  however  is  distinctly  more  constant  in  experimental  animals  than  in 
human  cases.  As  to  other  tests  such  as  the  iodide,  lactose,  water  and  chloride 
tests,  it  may  be  said  that  the  iodide  and  phthalein  tests  practically  parallel  each 
other,  the  lactose  test  is  still  of  uncertain  value,  the  chloride  test  has  no  direct 
bearing  on  the  nitrogenous  metabolism,  and  the  water  test  when  positive  depends 
upon  insufficient  excretion  of  solids  in  the  urine  and  as  has  been  mentioned 
earlier  is  almost  certain  to  be  accompanied  by  accumulation  of  non-protein  nitro- 
gen in  the  blood.  It  also  goes  without  saying  that  an  inability  to  excrete  added 
urea  or  creatinin  would  be  followed  by  at  least  a  temporary  accumulation  of 
these  bodies  in  the  blood. 

That  increases  of  nitrogenous  metabolites  in  the  blood  are  not  to  be  laid 
necessarily  to  faults  of  excretion  has  been  pointed  out  by  several  workers.  Mosen- 
thal  says: — "In  the  interpretation  of  an  increased  non-protein  nitrogen  of  the 
blood  in  nephritis  four  factors  are  to  be  considered — (1)  retention  of  nitrogen 
by  an  insufficient  kidney;  (2)  inspissation  of  the  blood  due  to  loss  of  water;  (3) 
increase  of  protein  catabolism ;  (4)  the  chemical  combination  in  which  non-pro- 
tein nitrogen  exists  in  the  blood."  There  can  be  little  doubt  however  that  the 
first  of  these  factors  is  the  most  important,  at  least  quantitatively,  yet  the  other 
factors,  particularly  the  third,  must  not  be  overlooked  in  a  rational  consideration 
of  the  subject.  This  view  expresses  a  general  sense  of  dissatisfaction  that  has 
followed  the  widespread  use  of  blood  examinations  in  nephritis  and  is  the  natural 
reaction  against  a  tendency  to  lay  too  much  .stress  in  diagnosis  and  prognosis  on 
the  results  of  blood  analysis.  In  the  same  light  may  be  considered  the  work  of 
Ambard  and  his  associates  and  the  subsequent  studies  of  McLean  and  Selling 
and  of  McLean.  On  the  basis  of  the  hypobromite  metliod  for  the  determination 
of  urea  in  the  blood  and  in  llie  urine  Ambard  and  Weill  and  certain  .ilher  French 
investigators  found  that  the  rate  of  excretion  or  urea  follows  s\ich  definite  laws 
that  a  very  precise  formula  gave  as  its  resultant  figure  a  constant  or  coefficient. 
McLean,  using  the  more  accurate  methods  deviseil  by  Folin  and  others,  has  con- 
firmed Ambard's  observations  and  shows  that  although  tiic  concentration  of 
total  non-protein  nitrogen  and  of  urea  in  normal  human  blood  is  not  constant  but 
varies  within  wide  limits  according  to  diet,  fluid  ingested,  etc..  yet  .\mbard's 
coefficient,  when  computed  on  the  basis  of  the  methods  indicated  above  varies  in 
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normal  individuals  only  between  comparatively  narrow  limits  and  may  be  re- 
garded as  constant.  McLean  has  applied  the  method  with  the  same  general  re- 
sults in  regard  to  chlorides  and  by  the  introduction  of  a  slide  rule  has  simplified 
the  calculations.  Certain  workers,  however,  have  not  met  with  such  good  results 
as  has  McLean,  and  Addis  and  Wanatabe  have  published  a  serious  criticism 
of  Ambard"s  laws  of  urea  excretion.  This  attacks  the  accuracy  of  the  funda- 
mental observations  and  further  publications  from  these  writers  will  be  awaited 
with  great  interest.  In  the  meantime  it  would  appear  that  the  McLean  index 
(Ambard  coefficient  regarded  as  unity)  serves  as  a  somewhat  more  accurate 
method  of  expressing  the  ability  or  inability  of  the  kidney  to  excrete  urea  and 
chlorides  than  does  the  estimation  of  these  products  in  the  blood  only. 

In  contrast  to  failure  of  the  kidney  to  excrete  nitrogenous  metabolites  it  must 
be  recognized  that  in  certain  stages,  presumably  early  stages,  of  human  nephritis 
and  in  the  earlier  stages  of  experimental  nephritis,  notably  that  produced  by 
uranium,  a  condition  of  excessive  excretion  of  nitrogenous  metabolites  or  "super- 
permeability''  may  appear.  In  this  condition  the  t(jtal  non-protein  nitrogen  of 
the  blood  may  be  distinctly  reduced.  Comment  on  this  phenomenon  is  neces- 
sarily brief  because  the  number  of  cases  studied  is  small. 

In  summary  it  may  be  said  that  accumulation  of  nitrogenous  metabolites  in 
the  blood  is  a  common  condition  in  nephritis  and  that  this  accumulation  is  shared 
by  the  various  metabolites  in  somewhat  different  degree ;  that  whereas  in  cer- 
tain cases  those  metabolites  which  are  excreted  with  difficulty  show  earlier  ac- 
cumulation and  those  secreted  with  ease  show  later  accumulation,  yet  the  well 
marked  cases  show  considerably  greater  accumulations  of  urea  than  of  any  other 
part  of  the  non-protein  nitrogenous  material.  The  accumulation  is  in  a  general 
way  in  keeping  with  other  modes  of  estimating  renal  sufficiency  and  with  the 
general  condition  of  the  patient,  and  usually  increases  as  uremia  develops.  Early 
cases  may  show  normal  blood  and  occasional  cases  of  superpermeability  may 
show  decreases  in  the  total  non-protein  nitrogen.  There  is,  however,  nothing  in- 
fallible either  diagnostically  or  prognostically  in  the  chemical  examination  of  the 
blood,  for  wide  variations  of  all  kinds  may  be  found.  On  the  other  hand  a  con- 
sideration of  all  the  features  of  a  case,  its  general  condition,  its  water  and  food 
intake,  its  excretions  other  than  urine,  the  progress  of  the  case  clinically,  the 
information  yielded  by  other  clinical  and  chemical  tests,  when  added  to  the  re- 
sults of  blood  examinations  furnish  the  basis  for  a  balanced  judgment  of  the 
case  and  serve  to  make  the  diagnosis  accurate,  the  prognosis  correct  and  the 
treatment  rational. 
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LABORATORY  METHODS 


A  NEW  CONTAINER  FOR  PATHOLOGICAL  SPECIMENS* 


By  Carl  KeIvI,ner,  New  Haven,  Conx. 


OWING  to  the  fact  that  it  is  difficult  to  obtain  an  oil-tight  closure  in  the 
ordinary  glass  museum  jars  for  the  preservation  of  specimens  prepared 
by  the  Pick-Kaiserling  method,  I  have  found  an  excellent  substitute  for  them 
which  possesses  several  distinct  advantages.  The  new  containers,  made  of  sheet 
celluloid,  are  very  light,  and  can  be  constructed  in  any  desired  size :  They  are 
adapted  particularly  for  small  and  medium  size  specimens.  Very  large  speci- 
mens, on  account  of  the  weight,  do  not  lend  themselves  so  well  to  permanent 


Fig.   1. 

preservation  in  these  containers.  The  laltcr,  niorcoNcr.  are  cheaper  and  do  not 
break.  An  idea  of  the  form  of  these  containers  can  be  obtained  from  the  ac- 
companying photographs.  Figs.  1  and  2  not  only  show  the  form  of  the  celluloid 
preserving  jar,  but  also  the  clarity  wilh  which  the  specimens  can  be  demonstrated. 
The  containers  are  very  simiile  to  make  anil  for  this  purpose  clear  sheet 
celluloid  one-thirty-second  of  an  inch  thick  is  used  for  the  front  and  back,  and 
a  similar  material  one-sixteenth  of  an  inch  thick  for  the  sides.  They  are  manu- 
factured as  follows:     The  sheet  celluloid  is  cut  in  the  required  sizes  by  means 

*Froiii   iIh    SuiKifal   r.,-i1)nratnry.   Vale   t'nivcrsify. 
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of  a  photographic  print  cutter.  The  front  and  one  adjacent  side  piece  are 
sealed  with  a  ten  per  cent  solution  of  celluloid  in  acetone  and  pressed  together. 
The  same  process  is  repeated  on  the  opposite  side.  .The  liack  is  then  sealed  to 
the  two  side  pieces  in  a  similar  manner.  The  bottom  and  top  segments  are  cut 
to  fit  the  inside  measurements  of  the  container.  The  inner  edge  of  the  box 
receives  a  coating  of  the  binding  solution  and  the  bottom  piece  is  pushed  into  the 
end.     All  of  the  joints  arc  now  protccterl  liy  an  extra  coating  of  the  celluloid 


Fig.  2. 

solution  and  the  container  is  ready  for  the  specimen.  I  have  found  it  convenient 
often  to  make  frames  or  supports  of  small  strips  of  celluloid  to  hold  the  speci- 
men suspended  in  the  solution  to  which  it  may  be  attached  by  means  of  a  silk 
thread.  The  strips  may  be  fixed  to  the  side  by  a  small  amount  of  the  celluloid 
solution,  thus  fixing  the  specimen  in  any  desired  position.  The  container  is  now 
filled  with  the  Russian  oil  preserving  fluid  and  the  top  pushed  in,  after  the  up- 
per edge  has  been  moistened  with  the  celluloid  solution.     Should  there  be  any 
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leaks,  it  is  only  necessary  to  wipe  away  the  oil  and  put  on  a  small  amount  of  the 
binding  solution,  in  order  to  render  it  oil  tight.  The  sides  of  the  container  are 
now  painted  with  a  quick  drying  Jap-a-lac  and  the  typewritten  label  attached 
on  the  front. 

While  there  is  a  faint  yellowish  tinge  to  the  celluloid,  the  specimens  are 
seen  more  distinctly  than  in  the  glass  jars.  This  fact  can  be  seen  by  a  study 
of  the  photographs.  Specimens  mounted  this  way  have  been  dropped  on  the 
floor  without  breaking.  They  likewise  can  be  passed  around  for  the  inspection 
of  a  class  with  much  greater  ease  and  safety  than  the  ordinary  museum  jars.  It 
has  been  thought  that  other  laboratories  might  find  this  method  of  preservation 
of  pathological  material  for  demonstration  purposes  more  convenient  than"  the 
glass  jars,  as  we  have  done. 


A  SIMPLE  METHOD   OF  CONCENTRATING   TUBERCLE   BACILLI   IN 

SPUTUM  AND  URINE 


By  WiIvUam  Krauss,  M.D.,  and  J.  S.  Fleming,  M.D., 
Memphis,  Tenn. 


FOR    SPUTUM. 


PLACE  5  c.c.  sputum  in  a  15  c.c.  centrifuge  tube,  add  5  c.c.  of  a  10  per  cent 
sodium  chloride  solution  and  shake  in  a  shaking  machine,  or  by  hand  if 
none  available,  until  it  is  a  thin  homogenous  fluid  as  free  from  clumps  as  pos- 
sible. Add  0.5  c.c.  of  gasoline  and  repeat  shaking  process  until  the  gasoline  is 
thoroughly  emulsified.  Centrifuge  at  a  low  rate  of  speed  until  the  gasoline  forms 
a  supernatant  liquid  immediately  beneath  which  is  a  scummy  layer  in  which 
tubercle  bacilli  will  be  found,  if  present  in  original  specimen. 

FOR   URINE. 

Place  10  c.c.  urine  in  15  c.c.  centrifuge  tube  and  centrifuge  three  minutes 
at  a  rapid  rate  of  speed.  Pour  off  supernatant  fluid.  To  the  sediment  add  10 
c.c.  of  original  urine  and  1  gram  of  sodium  chloride.  Shake  thoroughly  or  until 
the  sodium  chloride  is  dissolved,  and  add  0.5  c.c.  of  gasoline.  Shake  again  for 
about  five  minutes,  then  centrifuge  shiwly.  The  scum  l)eneath  the  gasoline  con- 
tains tubercle  bacilli,  if  present. 

The  use  of  gasoline  embodies  the  .same  principle  as  would  tbe  use  of  ligroin. 
It  gives  good  results,  is  cheaper  and  has  proved  nuuh  more  satisfactory  to  us 
than  the  antiformin-chloroform  method. 

Often  instead  of  using  a  centrifuge  tube,  a  large  size,  narrow-neck  P.ab- 
cock  milk  bottle  is  preferalile.  in  tliat  it  alTords  greater  concentration  of  the 
scum  containing  tubercle  liacilli. 

A  trace  of  Qgg  albumen  to  slide  surface  before  making  .smear  .secures  better 
fixation. 
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EDITORIALS 


Pharmacological  Reactions  and  Lesions  in  Nerve  Tissues 

\  RECENT  paper  by  Kocher^'  ^  has  taken  up  anew  an  old  problem  upon 
-^^  which  a  great  amount  of  work,  and  a  very  much  greater  amount  of  specu- 
lation, has  been  expended  in  the  past.  Kocher's  work  deals  \vith  the  histological 
changes  produced  in  nerve  cells  by  fatigue  var}ung  in  degrees  up  to  complete  ex- 
haustion. A  series  of  fifteen  complete  experiments  were  performed,  the  animals 
used  being  dogs,  cats,  pigeons,  sparrows,  frogs  and  rats.  Every  experiment  was 
carefully  controlled  by  a  resting  animal  of  the  same  species,  of  the  same  ap- 
proximate age  and  size,  and  the  material  from  the  two  was  given  identical  treat- 
ment, except  for  the  activity.  The  nerve  cells  studied  were  from  the  cruciate 
gyrus,  from  the  cerebellum  and  the  anterior  horn  of  the  spinal  cord,  and  from 
the  dorsal  ganglia.  In  one  of  the  experiments  over  3,500  nerve  cells,  classified 
into  thirteen  types  according  to  the  histologic  characters,  were  counted  to  de- 
termine the  relative  frequency  of  characteristics  which  might  be  correlated  with 
grades  of  activity-.  One  feature  of  Kocher's  investigation  involved  the  making 
of  a  large  series  of  camera  lucida  drawings  under  carefully  controlled  conditions. 
These  drav.ings  were  used  to  measure  and  compute  the  area  of  over  a  thousand 
cells  and  nuclei  by  means  of  the  polar  planimeter.     This  work  was  carried  out 
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apparently  with  great  care  and  with  full  and  deliberate  consideration  of  the  work 
of  previous  investigators  in  this  field,  including  Hodge",  Nissl*'  °,  Mann*^,  Dol- 
ley^,  Lugaro^,  Crile^,  Verworn^°,  etc.  Certain  obscuring  features  involved  in 
carrying  out  a  piece  of  work  of  this  kind  are  specially  emphasized  by  Kocher. 
These  include,  (1)  the  difficulty  of  separating  the  effects  of  normal  activity 
from  unavoidable  shock  or  injury  to  the  nervous  system  in  killing  the  animal 
(the  nervous  system  does  not  "die"  as  soon  as  the  heart  stops  beating):  (2) 
postmortem  changes  ensuing  between  the  time  of  death  and  complete  penetration 
of  the  tissue  by  the  fixing  agent,  owing  to  the  action  of  autolytic  enzymes  present 
in  all  tissue;  (3)  varying  chemical  action  of  fixing  agents;  for  example,  for- 
maldehyde coagulates  protein  by  combination  with  the  animo  acid  groups,  alco- 
hol by  dehydration,  sublimate  by  formation  of  salts,  etc. ;  (4)  the  solvent  action 
of  materials  used  in  fixation  and  in  embedding;  for  example,  alcohol,  xylene, 
paraffin;  (5)  varying  effects  of  chemical  reaction  between  basic  or  acid  dyes  used 
in  staining  and  the  different  cell  structures,  and  (6)  effect  of  subjecting  tissue 
to  temperature  of  from  50°  to  54°  C.  (122  to  129.2  F.)  in  the  paraffin  oven  for 
a  period  of  several  hours.  Kocher's  work  leads  him  to  draw  the  following  im- 
portant conclusions :  There  could  be  found  no  constant  difference  in  the  size 
of  the  nerve  cells  or  nuclei  resulting  from  activity.  An  apparent  difference  in 
size  which  appeared  here  and  there  on  counting  a  small  number  of  cells  was 
shown  on  enlarging  the  series  to  be  counterbalanced  by  a  similar  variation  on  the 
part  of  the  controls.  Hence  it  must  be  concluded  that  any  difference  in  the  size 
of  cells  found  was  wathin  the  limits  of  normal  variation.  Furthermore,  in  no  ex- 
periment did  the  histologic  structure  of  the  nerve  cell  following  activity,  even  to 
the  point  of  exhaustion,  show  any  constant  deviation  from  that  of  the  correspond- 
ing resting  cells  of  the  controls. 

The  striking  contrast  between  these  observations  and  the  views  on  which 
the  great  bulk  of  the  present  day  literature  along  these  lines  has  been  built  up 
must  command  immediate  attention.  For  the  problems  involved  here  are  much 
wider  than  those  which  concern  only  fatigue,  shock,  etc.,  in  the  ordinary  sig- 
nificance of  those  terms.  From  a  strictly  physiological  standpoint  one  would,  of 
course,  scarcely  consider  fatigue,  exhaustion,  etc..  from  the  standpoint  of  the 
central  nervous  system  alone.  For,  perhaps,  in  all  forms  of  activity  in  which 
changes  in  the  central  nervous  system  or  dorsal  ganglia  sufficient  to  be  detected 
histologically  might  be  produced,  there  will  also  be  involved  extensive  action  of 
peripheral  nervous  structures.  And  these  outlying  structures  arc  cntillod  to 
due  consideration.  Kocher's  work  is  of  special  interest  in  this  connection.  For. 
if  according  to  these  newer  observations,  structural  changes  cannot  he  delected 
in  the  motor  cortex  or  anterior  horn  cells,  then  is  it  possible  to  observe  any  his- 
tological variation  in  such  structures  as  the  sympathetic  ganglia  or  the  endings 
of  motor  nerves  in  striated  muscle?  Experimentally  it  is  not  rare  for  an  animal 
in  shock  to  manifest  symptorns  and  reactions  quite  similar  indeed  lo  tlio.se  pre- 
sented by  another  animal  in  which  the  brain  has  been  destroyed  or  from  which 
the  head  may  have  been  entirely  removed. 

There  are  a  large  number  of  drugs  whose  actions  are  concerned  with  the 
nervous  system,  either  centrally  or  peripherally,  or  both.  Among  these  may  he 
mentioned  the  alcoholic  beverages,  opium  and   its  derivations,   cocaine  and   its 
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allies,  absinthe,  eaiinabis  indiea,  the  liypnolies,  etc.,  whose  actions  are  usually 
mainly  central  under  ordinary  conditions.  Caffeine,  perhaps  atrophine,  strych- 
nine, picrotoxine,  etc.,  might  be  placed  in  a  slightly  different  category,  and  al- 
cohol, lead,  arsenic,  phosphorus,  mercury,  etc.,  often  show  an  especial  affinity  for 
the  peripheral  nerves.  The  drugs  which  act  on  peripheral  nerve  endings  (myo- 
neural junctions,  receptors,  receptive  substance,  etc.)  are  very  numerous.  In 
fact  there  is  scarcely  a  single  element  in  the  whole  nervous  system  which  may  not 
be  acted  on  in  a  fairly  direct  manner  by  some  drug.  Possibly  this  is  true  also 
in  a  general  way  for  the  toxins  produced  in  various  infectious  diseases.  This 
field  is,  however,  unfortunately  very  obscure.  The  element  of  time  must  be  duly 
considered  in  the  production  of  many  of  these  drug  reactions,  for  example,  an 
alcoholic  neuritis  or  a  lead  wrist  drop  may  not  be  produced  in  a  few  minutes. 

\\'hile  the  conditions  involved  in  drug  reactions  are,  perhaps,  of  a  some- 
what different  nature  from  those  concerned  in  Kocher's  experiments,  yet  a  great 
deal  of  work  has  been  done  along  similar  lines  by  the  use  of  drugs,  especially  so 
far  as  concerns  the  action  of  alcohol  on  the  cells  of  the  central  nervous  system. 
And  presumably,  for  corresponding  periods  of  time  during  which  fatigue  ex- 
ercises or  the  action  of  the  alcohol  continued,  we  would  be  inclined  to  expect 
somewhat  comparable  results  to  be  produced  in  the  histological  appearance  of 
the  cells  of  the  brain  and  cord.  This,  of  course,  does  not  necessarily  follow,  but 
in  view  of  these  recent  observations  it  would  be  desirable  for  more  work  along 
these  lines  to  be  carried  on  with  the  use  of  drugs. 

Experimentally   it   is  often   easily   possible   to   demonstrate   very   extensive 
changes  produced  in  nervous  structures  even  by  exceedingly  small  amounts  of 
some  substances.     The  methods  for  demonstrating  these  changes,  however,  have 
not  generally  been  along  histological  lines.     But  perhaps  this  is  only  a  relative 
matter  for  such  a  lesion  as  a  curare  paralysis^^  of  a  motor  nerve  ending  while 
easily  demonstrable  in  a  few  moments  by  electrical  stimulation  of  the  nerve  trunk 
might  after  a  sufficient  lapse  of  time  during  which  the  drug  was  allowed  to  act 
continuously  be  very  well  demonstrated  histologically.     A  peculiar  interest  at- 
taches at  present  to  observations  along  these  lines  for  the  very  large  number  of 
patients  with  nerve  lesions,  both  central  and  peripheral,  which  must  now  and  for 
a  long  time  to  come  occupy  the  attention  of  many  physicians,  is  a  matter  of  the 
greatest  concern.     And  since  much  of  the  older  work  regarding  the  electrical 
diagnosis  and  treatment  of  nerve  lesions,  especially  peripheral  paralyses,  is  now 
rapidly  being  shown  to  be  useless  or  worse,  new  observations  are  more  than 
welcome.     The  older  .ideas  implied  by   such  terms  as   "faradic   response"   and 
"reaction  of  degeneration"  are  now  recognized  to  be  based  on  erroneous  observa- 
tions and  even  the  terms  themselves  should  be  dropped   from  the  literature^-. 
For  the  electrical  response  of  a  muscle  whose  motor  nerve  has  been  severed  is  a 
relative  matter  depending  quite   as  much   on  the   character,   duration   and   fre- 
quency of  the  electrical  impulses  used  in  stimulating  as  it  does  on  the  charac- 
ter and  extent  of  the  degeneration  which  the  nervous  elements  may  have  reached. 
Langley  and  Kato"  have  recently  made  interesting  observations  along  these  lines, 
noting  among  other  things  that  muscles  from  about  the  fourth  day  after  section 
of  their  nerves  are  in  a  state  of  continuous  fibrillation — i.e..  the  separate  muscle 
fibers  contract  rhythmically,  but  with  different  rhythms;  the  muscles  present  a 
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shimmering  appearance  when  viewed  by  light  reflected  from  their  surface.  The 
contractions  cause  no  movement  of  the  muscle  as  a  whole  and  are  easily  over- 
looked; possibly  they  could  be  shown  in  man  by  the  use  of  the  string  galvano- 
meter. As  each  fiber  contracts  many  times  a  minute  the  total  expenditure  of 
energ)^  in  the  day  must  be  considerable,  and  Langley"  concludes  that  it  is  ''rea- 
sonable to  suppose  that  this  continued  activity  of  the  muscle  fibers  must  cause 
fatigue,  and  that  the  atrophy  of  muscle  may  be  due  to  too  great  rather  than  too 
little  functional  activity."  Whether  or  not  it  is  possible  to  produce  reactions 
corresponding  to  these  by  the  use  of  paralyzing  drugs,  or  to  detect  such  lesions 
in  the  early  stages  by  histological  methods  remains  for  future  investigation. 
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The  Nerve  Control  of  the  Thyroids  and  its  Relationship 

to  Adrenal  Activity 

Y  clinical  and  pathological  studies  it  is  often  possible  to  show  that  disease 
of  one  organ  is  accompanied  or  followed  by  secondary  changes  in  another 
organ,  thus  indicating  that  some  intimate  association  may  exist  between  the  two 
in  the  normal  functioning  of  the  organism.  Sometimes,  however,  chums  that 
such  association  exists  are  supported  only  by  evidence  of  a  very  circumstantial 
nature,  as  has  been  the  case  in  the  so-called  polyglandular  hypothesis  conceming 
the  cause  of  diabetes,  according  to  which  it  is  supposed  that  the  pancreas,  the 
adrenals,  the  thyroids,  and  the'  parathyroids  have  a  special  mutual  relationship 
in  connection  with  the  utilization  of  carbohydrates  in  the  animal  body.  Such 
speculative  hypotheses,  although  they  very  frequently  fall  to  pieces  when  thor- 
oughly put  to  the  test  by  other  investigators,  often  serve  to  arouse  interest  in 
new  possibilities  and  to  stimulate  investigation  along  new  lines.  Recently  sev- 
eral important  contributions  having  a  very  direct  bearing  on  the  conditions  of 
activit}^  in  the  endocrine  organs  or  ductless  glands  have  been  made  by  Cannon 
and  IMcKeen  CattelP  and  by  Stewart.  Rogoff.  and  Gibson.^ 

Cannon  and  Cattell  have  utilized  the  current  of  action  which  accompanies 
glandular  activitv  to  show  that  the  thyroid  gland  becomes  active:  (U  when  its 
sympathetic,  but' not  its  cerebral  nerve  supply  is  stimulated;  (2)  when  adrcnin 
is  present  in  excess  in  the  blood;  and   (3)   when  the  adrenal  glan.l  is  rendered 
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hyperactive  by  stimulation  of  its  nerve  supply  through  the  great  splanchnic 
nerves.  This  action  current  was  detected  by  connecting  the  gland  and  the  neigh- 
boring- connective  tissue  or  the  trachea,  to  a  compensated  galvanometer  by  means 
of  suitable  unpolarizable  electrodes.  That  such  a  current  is  a  reliable  indication 
of  secretory  activity  was  demonstrated  by  comparing  the  secretion  of  a  typical 
secreting  gland  (i.e.,  one  with  an  external  secretion),  namely,  the  submaxillary, 
with  the  occurrence  of  the  action  current.  In  confirmation  of  previous  work  it 
was  a  very  easy  matter  in  this  case  to  show  that  secretion  produced  by  stimula- 
tion of  the  cerebral  and  sympathetic  nerves  of  the  gland  was  accompanied  by 
a  definite  electrical  change.  But  this  fact,  taken  alone,  might  depend,  not  on 
the  activity  of  the  gland  cells  themselves,  but  on  changes  in  blood  supply  or  con- 
traction of  arterial  muscle  or  movement  of  fluid  along  the  ducts;  all  of  which 
changes  accompany  the  activity.  That  the  action  current  is  a  manifestation  solely 
of  the  secretory  process  was  shown  by  the  following  facts  :  ( 1 )  the  current  was 
still  set  up  when  the  blood  supply  of  the  gland  was  cut  off  or  the  flow  of  secre- 
tion through  the  ducts  was  stopped;  (2)  it  was  absent  when  there  was  no  secre- 
tion, but  each  of  the  other  conditions  attendant  on  secretion  was  induced. 

The  conclusion  that  the  thyroids  are  innervated  through  their  sympathetic 
nerve  supply  does  not  however  depend  alone  on  the  evidence  supplied  by  the  ob- 
servations of  Cannon  and  Cattell  on  the  action  current.  Evidence  has  also  been 
contributed  by  the  discoveries  of  morphologists  of  nerve  fibers  proceeding  to  the 
thyroid  from  the  cervical  S3^mpathetic  ganglia,  and  of  the  existence  of  non- 
medullated  fibers  reaching  to  the  cells  of  the  thyroid  glands.  Furthermore,  it 
has  been  observed  that  severance  of  these  sympathetic  nerves,  but  not  of  the 
nerve  supply  derived  from  the  vagus,  causes  atrophy  of  the  thyroid,  whereas  their 
stimulation  produces  a  diminution  in  the  iodine  content  of  the  gland. 

The  indifference  of  the  gland  to  impulses  conveyed  to  it  by  way  of  its  cere- 
bral autonomic  nerve  supply  (vagus)  was  demonstrated  by  Canon  and  Cattell 
by  finding  that  the  action  current  still  occurred  after  severance  of  the  superior 
and  recurrent  laryngeal  nerves  through  which  such  vagus  fibers  would  run,  but 
on  the  other  hand  it  was  not  observed  when  the  vagus  was  excited  either  by 
applying  electrical  stimulation  to  its  main  trunk  or  by  injecting  the  alkaloid  pilo- 
carpine, which,  it  will  be  remembered,  is  a  specific  excitant  of  cerebral  but  not  of 
sympathetic  autonomic  endings. 

Convincing  as  these  experiments  would  appear  to  be,  some  doubt  has  been 
expressed  as  to  whether  they  justify  the  conclusion  that  the  nerves  are  really 
secretory  in  function,  or  vv^hether  the  secretory  effects  produced  by  their  stimula- 
tion may  not  depend  on  curtailment  of  blood  supply  on  account  of  the  vaso- 
constrictor fibers  also  contained  in  the  nerves.  The  validity  of  this  criticism  is 
further  supported  by  the  discovery  of  Watts  and  Carlson  that  anemia  of  one  lobe 
of  the  thyroid  lessens  the  iodine  content  of  that  lobe.  Cannon  and  Cattell  refute 
this  evidence  by  showing,  first,  that  complete  anemia  of  the  gland  produced  by 
clampmg  the  carotids  causes  no  thyroid  action  current,  and,  secondly,  that  adrenin 
mjected  in  such  amount  as  to  cause,  not  constriction,  but  dilatation  of  blood  ves- 
sels does  produce  the  current.  It  may  be  pointed  out  here  that  the  first  of  these 
experiments  cannot  be  considered  as  convincing,  because  the  anemia  must  have 
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been  equally  pronounced  in  the  tissues  upon  which  both  electrodes  rested  (i.e., 
thyroid  and  subcutaneous  tissue),  so  that  no  difference  in  electrical  potential 
might  develop  between  them.  To  the  second  point  may  be  raised  the  objection 
that  no  evidence  is  furnished,  in  the  particular  experiments  in  which  adrenin 
was  used,  that  vasodilatation  did  actually  occur,  and  even  if  it  did,  that  increased, 
as  well  as  decreased  blood  supply  might  not  cause  currents  to  be  set  up  in  the 
thyroid  gland.  The  possibilit}^  also  exists  that  contraction  of  the  muscle  fibers 
in  the  arterial  walls  might  be  the  cause  of  the  current.  That  such  vaso-constric- 
tion  in  the  submaxillar}^  gland  caused  no  current  does  not  necessarily  indicate 
that  in  the  thyroid  this  would  be  the  case. 

Of  what  importance  the  sympathetic  nen^e  supply  to  the  thyroids  may  be  in 
the  normal  control  of  these  glands,  the  authors  do  not  commit  themselves ;  but 
they  point  out  that  the  fact,  established  by  Manley  and  Marine,  that  thyroid  tis- 
sue grows  and  functions  and  reacts  as  the  normal  gland  would  do,  when  it  is 
transplanted  to  various  parts  of  the  body,  does  not  throw  doubt  on  the  existence 
in  the  normal  gland  of  specific  secretory  nerves.  It  is  pointed  out  that  the  heart 
and  the  adrenals  still  continue  to  srive  service  after  their  denervation,  vet  no  one 
doubts  the  importance  of  their  normal  control  through  the  nervous  system.  Al- 
though Manley  and  Marine's  observations  do  not  therefore  necessarily  disprove 
the  existence  of  specific  thyroid  nerves,  they  would  seem  to  indicate  that  in  the 
intact  animal  the  nerve  control  of  the  thyroid  cannot  concern  other  than  some 
prompt  and  probably  transient  activity  demanded  by  acute,  and  perhaps  quite 
unusual,  conditions.  The  influence-  of  the  gland  on  the  metabolic  functions  has 
not  so  far  been  shown  to  depend  on  nerve  supply. 

Taking  the  evidence  as  a  whole,  it  seems  to  the  present  writer  that  the  bril- 
liant work  of  Cannon  and  Cattcll  does  definitely  show  that  some  sort  of  physio- 
logical activity  is  set  up  in  the  thyroid  gland  when  its  sympathetic  nerve  supply 
is  excited,  but  as  to  the  importance  of  this  method  of  control  in  the  normal  func- 
tioning of  the  gland,  nothing  is  as  yet  definitely  established. 

But  the  above  investigators  do  not  leave  the  problem  at  this  point,  for  they 
show  up  at  least  one  of  the  conditions  under  which  the  thyroid  may  be  caused 
to  develop  an  action  current  by  changes  occurring  in  other  parts  of  the  animal, 
namely,  by  hypersecretion  of  the  adrenal  glands.  The  first  step  in  this  part  of 
the  research,  as  has  already  been  stated,  was  to  show  that  intravenous  injections 
of  weak  solutions  of  adrenin  cause  the  thyroid  action  current.  It  was  then  found 
that  stimulation  of  the  peripheral  ends  of  the  cut  great  sphlanchnic  nerves,  in 
which  run  secretory  nerve  fibers  to  the  adrenal  glands,  had  the  .same  effect.  But 
if  the  inferior  vena  cava  just  above  the  entrance  of  the  adrenal  veins  was  oc- 
cluded and  the  blood,  surcharged  with  adrenin,  was  thereby  prevented  from  get- 
ting to  the  thyroid,  no  electrical  response  was  observed  until  the  pent  up  blood 
was  released.  Similar  splanchnic  stimulation  in  an  animal  from  which  the  ad- 
renal glands  had  been  removed  did  not  cause  any  thyroid  action  current.  These 
results  would  therefore  seem  to  ju.stify  the  claim  that  an  intimate  functional  as- 
sociation exists  between  the  adrenal  and  the  thyroid  glands,  but  the  question  is 
not  discussed  as  to  whether  this  association  is  a  specific  one  in  the  sense  that 
it  becomes  operative  with  less  adrenal  activity  than   would   secondarily  excite 
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some  at  least  of  the  numerous  other  physiological  mechanisms  upon  which  ad- 
renin  acts.  It  is  pointed  out,  however,  that  the  thyroid  action  current  obtained 
with  solutions  of  adrenin  are  considerably  weaker,  (1-100, OCX))  than  those  refiuired 
to  develop  similar  action  currents  in  other  glands  or  in  voluntary  muscle.  Con- 
cerning this  last  point  the  recent  investigations  of  Stewart,  Rogoff  and  Gibson 
have  an  important  bearing.  In  this  work  the  liberation  of  adrenin  from  the  ad- 
renal glands  into  the  blood  stream  was  studied  by  observing  the  dilatation  of  the 
pupil  which  occurs  on  the  same  side  as  that  from  which  the  superior  cervical 
ganglion  has  been  removed,  whenever  the  blood  supply  to  the  pupil  contains  ad- 
renin. This  pupillary  response  can  be  elicited,  and  after  the  same  latent  period, 
either  by  stimulation  of  the  splanchnic  nerves,  or  by  injection  of  adrenin  solu- 
tions into  the  femoral  vein,  provided  always  that  there  is  nothing  to  interfere 
with  the  free  flow  of  blood  from  the  abdomen  to  the  head.  Dilatation  was  often 
obtained  with  concentrations  of  adrenin  (1-100,000)  which  were  as  weak  as 
those  employed  by  Cannon  and  Cattell,  and  there  can  be  no  doubt  that  an  action 
current  accompanies  movement  of  the  pupil. 
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Basal  Metabolism  and  Disease 

HE  efhciency  of  the  animal  machine  is  subject  to  the  same  laws  as  those 
which  govern  any  other  energy  transformer,  and  can  be  tested  by  the  same 
methods.  In  principle,  these  methods  consist  in  a  comparison  between  the  total 
energy  production,  on  the  one  hand,  and  the  work  performed  by  the  machine,  on 
the  other.  In  a  machine  of  high  efficiency  a  great  proportion  of  the  energy  goes 
to  produce  the  particular  form  of  work  (e.g.,  as  motion)  for  which  the  machine 
was  designed,  and  a  lesser  proportion  is  uselessly  dissipated  (e.g.,  as  heat)  than 
in  a  machine  of  low  efficiency.  In  the  animal  machine  the  useful  forms  of  energy 
are  muscular  movement  and  heat,  and  in  health  these  bear  a  certain  proportion 
to  each  other.  In  certain  diseased  conditions,  however,  the  efficiency  breaks 
down  so  that  too  great  a  proportion  of  the  energy  is  liberated  as  heat.  This  in- 
crease in  heat  production  may  not  cause  a  rise  in  body  temperature,  provided 
the  mechanism  for  getting  rid  of  the  heat  (through  the  lungs  and  skin)  is  in 
perfect  working  order,  but  if  such  is  not  the  case  the  temperature  will  rise  and 
fever  be  the  result. 

Apart  from  the  production  of  fever,  the  excessive  liberation  of  heat  in  the 
animal  tody  may  throw  a  strain  on  various  functions  and  lead  to  the  develop- 
ment of  symptoms  which  are  often  of  an  alarming  character.     This  has  been 
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shown  by  E.  F.  Du  Bois  to  be  the  case  particularly  m  exophthalmic  goiter,  a 
disease  in  which  it  has  been  known  for  some  time  that  excessive  metabolism  is 
going  on.  Du  Bois  examined  the  heat  output  and  the  respiratory^  metabolism  of 
eleven  patients  suffering  from  exophthalmic  goiter  of  varying  intensity.  For 
this  purpose  he  used  the  practically  perfect  respiration  calorimeter  recently  con- 
structed in  the  Russell  Sage  Institute  of  Patholog}-  in  New  York,  and  in  which 
a  patient,  either  in  bed  or  sitting  up.  can  be  kept  without  any  discomfort  for 
several  hours.  It  was  found  that  in  severe  cases  of  exophthalmic  goiter  the  energy 
output  was  increased  by  75  per  cent  or  more  over  the  normal  average ;  in  the  less 
severe  cases  the  increase  was  frequently  found  to  be  50  per  cent.  In  this  disease 
energ)'  is  therefore  being  liberated  in  excessive  amount  as  heat  and,  as  in  any 
other  machine,  the  animal  mechanism  suft'ers  and  after  a  time  begins  to  break 
down.  In  the  goiter  patient  the  sensation  of  unusual  warmth,  the  hot  skin,  the 
perspiration,  are  in  themselves  evidence  enough  that  excessive  amounts  of  heat 
have  to  be  got  rid  of  in  order  to  prevent  hyperpyrexia.  Similar  skin  reactions  are 
also  produced  in  normal  individuals  by  increasing  the  metabolism,  as  during  mus- 
cular exercise,  but  in  hyperthyroidism  the  persistence  with  which  the  heat  goes 
on  being  produced  affects  other  functions,  such  as  the  heart,  producing  tachy- 
cardia and  enlargement,  the  brain,  causing  the  well-known  mental  symptoms, 
and  the  general  nutritive  conditions,  leading  to  emaciation,  etc.  "It  is  possible," 
so  writes  Du  Bois,  "that  if  we  were  able  to  stimulate  the  metabolism  of  normal 
men  for  twenty-four  hours  a  day  over  a  period  of  months  or  years,  we  could 
reproduce  all  the  symptoms  of  exophthalmic  goiter." 

With  so  excessive  a  combustion  it  might  be  imagined  that  the  body  furnaces 
were  perhaps  not  burning  properly ;  in  other  words,  that  the  intermediary  meta- 
bolism was  not  proceeding  along  the  usual  lines,  but  was  of  such  a  nature  that 
some  foodstuffs  were  more  readily  utilized  than  others.  The  low  carbohydrate 
tolerance,  so  commonly  noted  in  these  cases,  might  be  accounted  for  by  such  a 
one-sided  metabolism.  Though  excessive,  the  metabolic  processes  were,  how- 
ever, found  to  be  perfectly  normal  in  type,  for  there  was  almost  perfect  cor- 
respondence between  the  energy-production  as  computed  from  the  amount  of 
foodstuffs  actually  metabolized  (indirect  calorimetr>0  and  that  which  was  directly 
measured   in   the   calorimeter    (direct  calorimetry).     "This   and   the   absence  of 

abnorn.al  respiratory  q-tients  j^_l^.^^^^^^^^  shows  that  the  law  of  the  con- 
servation of  energy  holds  good  in  exophthalmic  goiter."  just  as  it  does  in  health. 
Using  heat  production  as  an  index  of  the  effect  of  treatment,  it  was  found  that 
mental  and  physical  re.st  causes  as  great  a  rcductii^i  as  any  (.ther  conservative 
form  of  treatment. 

In  cretinism,  where  hypo-  instead  of  hyperthyroidism  is  believed  to  exist,  the 
energy  output  j.er  square  meter  of  surface  was  found  to  be  about  20  per  cent 
below  the  adult  value,  but  it  became  iinmediately  raised  on  the  administration  of 
thyroid  extract. 

Du  Bois  and  his  collaborators  have  made  similar  studies  of  heat-output  and 
the  respiratory  exchange  in  ca.ses  of  pernicious  anemia,  cardio-renal  disease,  and 
diabetes.      In    severe   pernicious   anenua.   the   most   noteworthy    feature   was   an 
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increase  in  the  demand  for  oxygen;  in  cardio-renal  disease,  contrary  to  the  con- 
clusions of  certain  other  workers,  no  profound  change  in  metabolism,  cither 
qualitative  or  quantitative,  was  found  to  exist.  Three  severe  and  three  more 
chronic  cases  of  diabetes  were  examined,  particularly  with  regard  to  the  effects 
of  the  "oatmeal"  and  "starvation"  cures.  No  special  influence  of  oatmeal,  cither 
with  regard  to  its  supposed  beneficial  action  on  the  disease  or  with  regard  to  its 
utilization,  could  be  made  out.  Even  in  the  severest  cases  it  was  found  that  the 
active  symptoms  can  be  eliminated  by  prolonged  fasting,  and  that  the  power  be- 
comes reacquired  "of  oxidizing  sugar  first  from  their  own  body  protein  and 
later  from  the  protein  and  carbohydrate  of  a  carefully  regulated  diet."  In  such 
cases  no  evidence  could  be  obtained,  either  from  the  sugar  excretion  or  from  the 
respiratory  exchange,  that  sugar  can  be  formed  from  fat.  The  basal  metabolism, 
calculated  for  surface  area,  was  not  found  to  be  definitely  increased  over  the 
normal,  a  finding  which  is  contrary  to  that  of  previous  investigators.  It  is  pointed 
out,  however,  that  "the  level  of  metabolism  in  diabetes  is  the  resultant  of  a  num- 
ber of  forces,"  some  of  which,  such  as  the  increased  metabolism  of  protein,  tend 
to  make  it  rise,  whilst  others,  such  an  undernutrition  and  muscular  relaxation, 
tend  to  make  it  fall.  Mild  exercise  was  found  to  raise  the  respirator}^  quotient 
somewhat  in  a  severe  diabetic,  thus  suggesting  the  possibility  that  exercise  may 
improve  carbohydrate  utilization. 
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Gastric  Ulcers 


IT  has  been  assumed  that  gastric  ulcers  are  fundamentally  the  result  of  lo- 
calized disturbances  of  nutrition  in  the  stomach  wall  which  make  it  possi- 
ble for  the  acid  gastric  juice  to  digest  away  the  damaged  tissue  and  so  produce 
the  typical  terraced,  somewhat  crater-shaped,  reactionless  lesion.  The  most 
frequently  encountered  lesions,  following  this  assumption,  would  be  vascular 
ones,  and  vascular  lesions,  especially  arteriosclerotic  ones,  are,  other  things  be- 
ing equal,  bland,  and  not  infectious.  For  instance,  arteriosclerosis  leading  to 
limitation  of  the  blood  supply  to  a  certain  area  may  so  reduce  the  vital  resist- 
ance of  the  tissue  that  it  can  be  attacked  by  the  gastric  ferments.  If  this  be 
true,  then  it  may  also  follow  that  sudden  occlusion  of  the  vessels  by  thrombi  or 
by  emboli  produce  similar  lesions  but  ones  more  acute  in  progress.  The  main 
difference  would  be  that  in  the  one  case  the  lesion  would  be  produced  slowly, 
while  in  the  other,  it  would  appear  rapidly.  In  this  latter  case,  the  process  is 
essentially  infarction.  Just  as  these  spontaneous,  so  to  speak,  processes  may 
produce  ulcers,  so  also  will  similar  processes  caused  by  purely  artificial  means. 
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lead  to  the  same  results.  Injections  of  adrenalin  into  the  gastric  vessels  have 
been  productive  in  this  regard,  and  injection  of  formalin  into  arteries  and  veins 
may,  under  the  proper  conditions,  cause  endarteritis  and  endophlebitis  and,  later, 
ulcer  formation.  ]Mere  stasis  produced  from  the  venous  side,  especially  when  it 
is  complicated  with  hemorrhages  into  the  mucosa,  also  may  lead  to  gastric  ul- 
ceration. If  these  lesions  are  the  result  of  deficient  nutrition,  then  it  might  be 
suspected  that  qualitative,  as  well  as  quantitative,  variation  in  the  blood  might 
be  effective,  a  suggestion  that  is  supported  by  the  appearance  of  gastric  ulcers 
in  chlorosis. 

Beside  these  purely  endogenous  hematogenic  features,  trauma  has  .been 
suspected  of  playing  a  part,  though  how  important  one  has  not  been  able  to  de- 
cide,^ and  also  infection.- 

The  infectious  point  of  view  (in  more  senses  than  one)  has  been  developed 
largely  by  Rosenow.^  The  part  played  by  trauma  has  recently  been  noted  by 
Steinharter.  Rosenow's  work  was  done  with  anhemolytic  streptococci  which  he 
was  able  to  isolate  from  96  per  cent  of  a  series  of  gastric  ulcers  removed  from 
human  beings  at  operation.  Recently  isolated  cultures  were  injected  intrave- 
nously in  animals  and  in  60  per  cent  of  these  gastric  ulcers  were  found.  In  a 
few  animals  which  were  allowed  to  live  for  a  considerable  time  after  their  in- 
oculation, chronic  ulcers  were  found  at  autopsy.  From  these  results  Rosenow 
has  reached  certain  conclusions  which  have  been  summarized. as  follows: 

1.  Anhemolytic  streptococci  can  be  recovered  by  a  special  technic  from 
practically  all  gastric  ulcers  removed  at  operation. 

2.  The  streptococci  from  this  source  possess  a  special  affinity  for  the  stom- 
ach which  enables  them  to  localize  in  this  organ,  when  recently  isolated  cultures 
are  injected  intravenously  into  animals. 

3.  About  60  per  cent  of  the  animals  inoculated  in  this  manner  develop 
gastric  ulcers. 

4.  Streptococci  can  be  recovered  from  these  experimental  ulcers  and  can 
be  demonstrated  histologically.  They  reach  their  locations  by  the  blood  stream 
and  are  deposited  in  the  capillaries  of  the  gastric  mucosa. 

5.  These  streptococci  are  identical  with  those  inoculated. 

6.  Anhemolytic  streptococci  are,  therefore,  the  cause  of  gastric  ulcers  in 
man.  and  these  organisms  reach  the  stomach  by  an  hematogenous  route. 

Recently  Celler  and  Thalhimer*  have  reported  their  experiments  on  the  pro- 
duction and  bacteriology  of  gastric  ulcers  with  the  result  that  they  are  not  able 
to  convince  themselves  that  anhemolytic  streptococci  have  been  proved  to  be  the 
factor  "which  either  initiates  the  ulceration  or  prevents  healing."  They  are 
only  able  to  say  that  the  presence  of  streptococci  of  this  type  of  lesion  is  sugges- 
tive. 

Somewhat  the  same  state  of  mind  exists  in  many  lalniratory  workers  with 
this  modification  : — it  seems  entirely  possible  that  gastric  ulcers  may  be  caused 
by  anlieniolytic  but  other  organisms  may  lie  able  to  produce  similar  lesions. 
Moreover  there  is  some  evidence  that  l)acteria  of  whatever  type  may  lodge  in  the 
stomach  wall  after  some  other  influence  has  jirepared  the  field.  Such  influences 
may  be  traumatic  or  nutritive. 
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In  1913,  Steinharter,-'  working  in  the  Pathologic  Institute  of  the  Cincinnati 
General  Hospital,  made  a  preliminary  note  on  the  production  of  gastric  ulcers 
by  intravenous  injections  of  15.  coli.  His  results  were  temporarily  suggestive, 
but  not  conclusive.  No  doubt  he  produced  erosions  of  the  mucous  membrane 
but  not  typical  ulcers.  Later,  his  attention  was  attracted  to  the  staphylococci 
with  which  he  has  worked  during  the  past  many  months.  With  these  organisms 
he  has  been  successful,  not  only  in  producing  gastric  ulcers  at  will,  but  also  in 
producing-  practically  all  the  other  lesions  observed  by  Rosenow  after  strep- 
tococci injections.  In  order  to  produce  gastric  ulcers  he  found  however  that 
certain  things  were  necessary ;  one  of  these  was  that  the  organism  must  be  cul- 
tivated in  the  stomach  wall.  The  other  was  that  to  obtain  growth  in  the  stomach 
wall, — in  order  to  make  the  conditions  for  growth  in  the  stomach  wall  satisfac- 
tory for  the  organism, — trauma  was  necessary.  The  trauma  he  produced  with 
acetic  acid  in  such  dilution  that  the  trauma  alone  caused  no  subsequent  gross  le- 
sion. If.  in  such  a  traumatically  afifected  site,  he  implanted  staphylococci,  an  ul- 
cer appeared,  \\ithout  the  organisms  no  ulcer  developed.  The  organisms  cul- 
tivated for  such  lesions,  and  then  injected  into  other  animals,  produced  ulcers 
in  a  very  large  proportion  of  the  cases.  Future  reports  by  Steinharter  will  deal 
with  experimental  appendicitis,  myocarditis,  arthritis,  myositis  and  cholecystitis, 
caused  by  staphylococci. 

The  important  thing  in  all  this  work,  a  point  which  most  writers  have  per- 
haps overlooked,  is  that  streptococci  or  staphylococci  show  no  original  prefer- 
ence for  the  stomach,  and  that  therefore  if  they  are  the  essential  factor  in  the  pro- 
duction of  a  gastric  ulcer,  that  result  is  fortuitous.  What  one  may  do  with  an 
organism  cultivated  from  a  tissue  is  scientifically  interesting  but  not  of  great 
practical  importance,  except  in  recurrent  disease.  In  the  case  of  tonsillitis  it  is 
of  importance  because  in  such. a  case  the  tendency  is  for  organisms  from  one 
case  of  tonsillitis  to  produce  other  cases.  But  the  streptococci  from  a  tonsil, 
given  access  to  the  blood  stream,  have  no  tendency  to  produce  gastric  ulcers 
rather  than  any  other  lesion,  and  the  qualities  developed  by  organisms  zeithin 
the  stomach  wall  have  very  little,  if  any.  importance  as  regards  other  stomachs. 
Also  the  localization  of  a  relative  avirulent  organism  in  an  organ  or  tissue  of  the 
body  probably  depends  upon  "lowered  resistance,"  whatever  that  may  be,  and 
in  lowering  of  resistance  trauma  and  abnormal  nutritive  conditions  are  essential. 

Taking  it  all  in  all  at  the  present  time,  the  indications  seem  to  be  that  the 
localization  of  bacteria  beyond  primary  foci  of  infection  in  the  body  are  more  or 
less  fortuitous,  and  that  organisms  can  be  taught  to  prefer  a  certain  organ  tissue 
of  the  body.  In  the  case  of  the  stomach,  streptococci  and  staphylococci  have 
been  taught  to  prefer  that  organ,  and,  in  them,  to  produce  typical  ulcers. 
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Edema  of  the  Lungs 

'X'HE  lungs  obtain  their  arterial  blood  supply  by  the  bronchial  arteries  which 
J-  are  branches  of  the  thoracic  aorta.  The  pulmonary  supply  is  essentially 
venous  in  character  and  the  pulmonary  arteries  are  merely  the  means  by  which 
polluted  blood  is  carried  to  the  lungs  for  rejuvenation  by  removal  of  carbon  di- 
oxide, and  addition  of  oxygen.  These  are  facts  which  are  not  as  a  rule  con- 
sidered in  studies  upon  edema  of  the  lungs. 

In  most  articles  bearing  upon  pulmonary  edema  of  the  obstructive  type, 
the  factor  of  the  blood  pressure  in  the  lungs  is  accepted  as  the  prime  one.  and 
the  most  prominently  accepted  therapy  is  that  such  an  edema  appears  when  there 
is  a  disproportion  between  the  work  of  the  right  and  left  ventricles.  W'elch's 
work  was  pioneer  in  this  field. ^  He  showed  that  by  crushing  the  left  ventricle 
(in  rabbits)  he  produced  a  paralysis  of  that  chamber,  while  the  right  ventricle 
still  remained  in  undiminished  action.  If  the  arterial  pressure  was  so  low  that 
the  right  ventricle  was  sufficiently  strong  to  drive  the  blood  through  the  left  side 
of  the  heart,  edema  did  not  occur.  When,  however,  the  right  auricle  was  not 
able  to  overcome  the  resistance,  edema  occurred,  unless  the  right  ventricle  was 
too  weak  to  produce  a  high  pressure.  Lowit  produced  edema  of  the  lungs  by 
raising  the  pulmonary  arterial  pressure,  and  concluded  that  obstructive  pulmonary 
edema  was  due  to  resistance  to  exit  of  blood  from  the  lungs  together  with  in- 
creased blood  flow  to  the  lungs.  Matsuoka,  working  on  beriTberi,  came  to  the 
conclusion  that  the  pulmonary  edema  in  that  disease  is  due  to  weakening  of  the 
left  ventricle  associated  with  hypertrophy  of  the  right  ventricle,  the  two  factors 
producing  the  combination  which  Lowit  believed  necessary.  In  a  recent  article 
detailing  his  researches  on  this  problem  Matsuoka-  says  "the  general  outcome 
of  the  work  hitherto  done  seems  to  be  as  follows.  Paralysis  or  weakening  of 
the  left  ventricle  is  the  principal  cause,  but  is  probably  not  the  only  factor,  for 
it  is  necessary  to  take  into  account  the  state  of  the  vessel  walls  in  the  lungs;  and 
in  certain  cases,  especially  in  nephritic  or  cachectic  condition,  this  constitutes, 
in  Sahli's  view,  the  chief  determining  cause. 

Matsuoka  did  his  work  with  the  Starling  isolated  heart-lung  preparations, 
and  concludes  tliat  obstructive  edema  takes  place  when  certain  limits  of  com- 
bined arterial  i)ressure  and  venous  outflow  are  exceeded.  This  corroborates 
Cohnheim  and  Welch.  But  most  important  are  the  other  collateral  facts  ad- 
duced in  this  research.  Matsuoka  says  that  "gaseous  metabolism  and  energy'' 
consumption  of  the  heart  are  decreased  in  obstructive  edema  of  the  lung,  Com- 
plete stoppage  of  the  heart  rapidly  takes  place  as  the  maximum  metabolism  of  the 
organ  is.  because  of  its  decreased  rate  of  action,  insufficient  to  provide  the  nec- 
essary energy  for  its  contractions.  When  in  man  this  final  danger  is  threatened 
*******  the  diseased  hmgs  should  he  supplied  'teith  the  o.vyfjeii  neeessary 
for  the  blood." 

This  work  and  all  other  previous  work  is  exceedingly  interesting  because  it 
calls  attention  to  the  tact  that  the  primary  factor  in  the  causation  iii  edema  of 
the  lungs  is  stasis  in  the  pulmonary  vessels.  This  factor  however  is  not  the  es- 
sential one  in  the  j)roduction  of  the  edema.  Kdema  of  any  tissue  is  the  result 
of  water  absorption  by  the  cells  and  intercellular  substances  and  cannot  be  brought 
about  by  any  reasonable  pressure.     It  is.  .so  far  as  is  known  now.  lack  of  oxygen 
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which  is  the  fundamental  causative  factor  in  edema  of  any  sort,  and  lack  of 
oxygen  can  be  expressed  in  terms  of  acidosis. 

Looking  at  edema  of  the  lungs  as  an  expression  of  pulmonary  acidosis  in 
this  sense,  one  may  say  that  it  may  arise  whenever  the  arterial  supply  of  the 
pulmonary  tissue  is  decreased  beyond  a  certain  minimum.  Such  a  decrease  may 
be  brought  about  by  pressure  within  the  lungs,  as  in  passive  congestion,  or  by 
interference  with  or  reduction  of,  the  bronchial  arterial  blood  supply.  The  usual 
obstructive  edema  is  evidently  the  result  of  venous  stasis  in  the  lungs.  Tn  this 
condition  the  pulmonary  vessels  are  overfilled  with  blood  and  pressure  is  exerted 
upon  the  bronchial  vessels.  This  makes  for  slowing  of  the  true  arterial  stream 
and  this  means  decreased  oxidation,  and  swelling.  Should  the  stasis  persist, 
then  less  oxygen  is  absorbed  by  the  Ijlood,  and  because  of  this  the  heart  (myo- 
(cardium)  sufifers,  and  also  the  arterial  blood  in  the  bronchial  circulation  becomes 
more  venous,  and  so  the  heart  becomes  less  efficient  as  a  pump,  and  the  blood 
less  efficient  for  preserving  the  chemical  balance  of  the  tissue.  More  edema 
follows. 

So  edema  of  the  lungs  is  not  a  mechanical  problem,  but  a  physico-chemical 
(one,  even  though  the  underlying  factors  are  mechanical. 
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The  Heart  in  Pneumonia 

^^TT  is  generally  believed,"  Newburgh  and  Porter*  say,  "that  the  heart  muscle 
-■-  is  seriously  injured  in  pneumonia  and  that  heart  failure  from  this  source 
is  a  frequent  cause  of  death  in  this  infection."  There  being,  however,  some 
reasonable  doubt  on  this  point,  they  have  made  a  series  of  experiments  to  dis- 
cover how  much  truth  belonged  to  the  current  belief.  In  one  group  of  experi- 
ments they  fed  the  normal  ventricle  with  normal  blood.  In  a  second  group, 
they  fed  a  ventricle  from  a  pneumonic  animal  with  normal  blood.  In  a  third 
group  they  fed  a  normal  ventricle  with  pneumonic  blood;  and  in  a  fourth,  a 
pneumonic  ventricle  was  fed  with  pneum.onic  blood.  In  all  their  experiments 
dogs'  hearts  were  used.  The  method  of  isolating  the  heart  and  of  preparing 
the  animals  is  described  in  full.  The  heart  was  fed  through  the  left  coronary 
artery.  Pneumonic  hearts  were  taken  from  dogs  in  which  pneumonia  had  been 
caused  by  intratracheal  infection  with  B.  pneumonia:  (Friedlander).  Pneu- 
monic blood  was  also  obtained  from  these  animals.  In  six  of  ten  experiments 
m  which  the  pneumonic  heart  was  fed  with  normal  blood,  the  dogs  were  allowed 
to  die  of  the  disease  to  be  certain  that  the  infection  was  a  fatal  one. 

The  outcome  of  the  experiments  was  that  it  appears  that  the  cardiac  ven- 
tricle from  dogs  that  have  died  of  pneumonia  contracts  as  w^ell  as  the  ventricle 
from  healthy  dogs,  provided  the  pneumonic  muscle  is  fed  with  normal  blood. 
When   a  normal   ventricle  is   fed   with  pneumonic   blood,   the   contractions   are 

*Newburgh  and  Porter:     Jour.  Exp.   Med.,   1915,  xxii,  p.   123. 
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much  impaired.  If,  however,  the  ventricle  from  a  dog  with  pneumonia  is  fed 
with  pneumonic  blood,  the  contractions  are  almost  normal  in  extent  and  may- 
be normal  in  extent  and  may  be  normal  in  duration.  In  other  w^ords,  the  heart 
muscle  becomes  adapted  to  whatever  change  in  the  composition  of  the  blood 
occurs  in  pneumonia,  at  least  in  that  type  of  pneumonia  which  is  the  result  of 
infection  with  Friedlander's  bacillus.  Whether  the  same  thing  is  true  for  the 
pneumococcus,  we  do  not  know\  It  may  also  be  true  that  in  at  least  a  large 
percentage  of  pneumonias,  one  has  to  deal  with  a  septicemic  process  in  \vhich 
the  infecting  organisms  become  lodged  in  the  myocardium  and  produce  changes 
sufficient  to  bring  about  myocardial  failure.  So,  after  all,  the  experiments  of 
Newburgh  and  Porter  only  involve  one  end  of  the  problem  and  are  only  con- 
clusive under  the  conditions  with  which  they  were  surrounded. 

~P.  G.  W. 


Amyloid 

AMYLOID  has  always  been  a  puzzle  to  pathologists.  It  is  one  of  the  forms 
of  abnormal  hyaline  material  which  appears  in  the  organs  of  the  body 
during  the  course  of  chronic  diseases,  especially  those  that  are  the  results  of 
infections.  It  has  been  found  most  consistently,  perhaps,  as  an  accompaniment 
of  chronic  bone  infections,  and  on  that  account  and  also  because  of  its  chem- 
ical structure  it  has  been  supposed  that  it  is  associated  as  a  rule  with  bone  or 
cartilage  destruction.  Despite  the  fact  that  it  has  been  a  topic  of  widespread 
interest,  and  despite  the  time  that  has  been  expended  in  researches  upon  its  pro- 
duction, little  has  been  learned  of  the  conditions  upon  which  its  appearance  de- 
pends. 

In  1853  Virchow  first  studied  amyloid,  which  he  considered  a  form  df  an- 
imal cellulose  because  of  the  blue  reaction  which  was  obtained  by  treating  it 
wath  iodine.  It  is  to  this  reaction,  which  starch  also  gives,  that  the  term  amyloid 
is  due.  Some  years  later  Friedreich  and  Kekule,  and  after  them  Kuchne  and 
Rudnefif,  showed  that  amyloid  was  a  protein,  and  later  still.  Oddi,  and  tiien 
Krawkow,  demonstrated  that  it  was  a  compound  of  protein  and  chontlroitin 
sulphuric  acid,  and  that  therefore  it  is  analogous  to  nucleoprotein  which  is  a 
compound  of  protein  and  nucleic  acid.  vSiill.  ITansscn  and  Mayeda  have  re- 
ported studies  upon  amyloid  in  which  they  were  able  to  discover  no  chondmitin 
sulphuric  acid.' 

Since  Frisch  in  1S77  announced  the  experimental  protluclion  of  amyloid 
in  the  cornea,  many  investigators  have  made  similar  announcements,  but  in 
each  case  the  incidence  of  the  production  has  been  very  inconstant.  In  Frisch's 
series  only  4  of  300  corneas  showed  amyloid  (if  indeed  it  was  that  substance). 
Czerny  reported  the  production  of  amyloid  after  subcutaneous  injections  of 
turpentine,  winch  caused  sui)i)urali;)n.  Krawkow  used  staphylococcus  pyogenes 
aureus  to  produce  chronic  suppurations  in  a  large  series  of  animals,  among 
them,  rabbits,  dogs,  hens,  doves,  and  frogs.  In  eight  of  twelve  rabbits  he  pro- 
duced   amyloid    in    various    organs.      In    dogs    the    results    were    negative    even 

'For  a  (lisciission  of  Amyloid  sec  Wells:  Clieiiiic.il  I'MtliiplnRV.  Phil.-\.  .iiid  I.omion,  1914,  2nd  Kd., 
p.   378. 
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after  two  or  three  months  of  suppuration.  In  pigeons  the  resuUs  were  nep^a- 
tive  and  the  same  was  true  of  frocks.  The  most  constant  results  appeared  in 
hens.  Xowak  obtained  more  constant  rcsuUs  than '  any  other  worker  except 
Krawkow. 

Recently  Bailey-  has  observed  the  occurrence  of  amyloid  in  the  organs  of 
animals  which  he  had  used  not  witli  the  object  of  producing  amyloid  changes 
but  for  another  purpose.  The  animals  (rabbits)  had  been  injected  in  the  ear 
vein  with  beef  extract  broth  cultures  of  colon  bacillus.  They  were  treated  ev- 
ery 2-4  days  with  1  c.c.  of  24-48  hour  cultures,  though  older  cultures  were  oc- 
casionally used.  The  treatment  did  not  produce  suppurative  lesions  in  most 
cases.  The  results  were  constant  in  that  amyloid  was  found  in  all  rabbits,  eight 
in  number,  which  were  injected  over  a  period  of  88  days  or  more. 

This  is  the  first  series  of  experiments  in  which  the  results  were  completely 
consistent,  and  they  are  exceedingly  suggestive,  and  although  they  do  not  tell 
us  anything  about  amyloid,  they  point  the  way  to  be  followed  in  completing  the 
work.  Colon  bacilli  have  been  used  before  in  experimental  amyloid  work  with 
negative  results  (Davidsohn).  and  Nowak  observed  amyloid  in  one  hen  in- 
jected with  sterile  filtrate  of  colon  bacillus  culture.  Xevertheless  Bailey  was 
unable  to  get  the  same  results,  with  other  organisms,  which  he  was  with  coli. 

—P.  G.  W. 
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